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RACT EMISSION LIMIT
ANALYSIS

BACKGROUND

E A draft Reasonably Avallable Control Technology (RACT) based operatmg permrt was 1ssued toif Sy

Koppers Industrres Inc (KII) Monessen Coke Plant Monessen Pennsylvama in March of 1998 Ve PR

i Several of the RACT emrssron lrmlts set in the: permrt were based solely ona s1ngle emrss1ons.,,:.::;'t-f.;, R

' .-‘:;.; stack test performed in 1997 Dunng a subsequent dlagnosuc test program m Aprrl 1998:-_—1” 7-.‘;'

Arr/Comphance Consultants Inc (ACCI) determmed that some of the prevrous test results used" B

L “f;;:m the RACT determrnatron were 1n error Due to concerns regardrng the proposed emrssron"__. SRR

A or hmrts KOppers 1n1t1ated an extended emrssrons testlng Program Emrssrons testrng was;’-' L

o _--:_conducted by ACCI on Coke Battery 1B and Battery 2 Combustron Stacks and . the Pushmg;: S

) ""-'-:Emrssmns Control System (PECS) The extended test program was conducted in COIl_]llI’lCthIl:-_-

e wrth a compllance test program to estrmate the maxrmum hourly emrssrons from the facrlrty, toj' e

£ _determlne varratrons in process emlss10ns and to provrde a basrs for RACT permrt llmlts s

= Thrs report has been prepared to present test and lrterature data and to propose and Justrfy aj ) R

o '.:*RACT limit whlch approxrmates actual operatrng emrssrons from the PECS and Battery lB and'_ :" S

o 'Battery 2 Combustlon Stacks :; The - _followrng_ _seetron.s, drscus_s ,our_ ﬁn_dmgs and

S -_-recommendatrons

i COMBus'TI'oN-sTACK' DATA STATISTICA_L ANALYsrs. R

' ACCI analyzed prevrous emrssrons testmg data. from the Koppers Industr1es Inc Monessen" '

.'Coke Plant for both Coke Battery lB and Battery 2 Combustron Stacks The followrng data'._ o

‘ summary and analysrs mcludes compllance and extended tests performed in 1998 by ACCI a

Q1997 test performed by Advanced Technology Systems Inc. (ATS) “and- the. 1996 tests'.. E

_ '-performed by Optimal Technologles (Optrmal) Emrssrons data for the Battery lB combustron 3
~ stack collected by ATS and Optlmal was corrected for errors in the measured stack diameter and
. resubmitted to PADEP. Appendlx A contains the tahilated data for each test on the Battery 1B

and Battery 2 Combustion Stacks o




Tressonssanyind

N OXIDESOFNITROGEN(NOX) - ‘_I -

- .'1“j"-llsted in: Tablel N S

o Statlstrcal analysm was performed on Oxrdes of Nltrogen (N Ox) (parts per mllhon [ppm] lb/hr S :
L o lb/ton of coal) and Total Hydrocarbons (THC) as propane (ppm, lb/hr lb/ton of coal) for data R
P f.collected durrng the 1996 1997 and 1998 ernrssrons tests Vanabrhty, standard devrat1on a

S coefﬁ01ent of Varratlon and a range Was calculated for each of these data sets These results aref_-' Co

:The NOx emlssrons measured for Battery IB were constant i nature across all tests Wrth aj ’"A"'-' 1
e 'coefﬂclent of Varratron of 103 % Emlssrons data collected ranged frorn 331 519 ppm
3 .ﬂﬂ__ -However the varratron of 32 l and the standard devratron of 44 5 show some dlspersmn of the :

f-i:'f'data from the mean of 432 7 ppm

"g',-.‘:i"'The NOX emrssmns data for Battery 2 was equally consrstent Wrth a coefﬁcrent of varlatron of R '
10, 7% and a range of 248 440" ppm The Varlatlon of 25 9 and the standard dev1at10n of 37 7‘-i LT
L .show less dlspersmn from the mean (351 5 ppm) i the emrssmns from Battery 2. than were ! o

e* recorded in Battery lB
TOTAL H‘?DROCARBONS?(IHC) s

| '-.Statrstrcal analy31s was’ also performed on the THC (ppm) emrss1ons data collected for both-__, L
Battery 1B and Battery 2. These emissions varred greatly across all the years of testing at both B

- batterres Battery 1B showed the greatest coefﬁcrent of varlatron (91 5%) mdlcatrng emrssmns L

that were 1nconsrstent m nature and broad n range (7 8- 283 ppm) A Varrabrhty of 27.3 and a-_, )

standard devranon of 82.6 also 1ndlcate that the data are also mconsrstent and wrdely dlspersed' o

o about the mean of 90.3 ppm Emrssrons data collected at Battery 2 Were only sllghtly more

consrstent w1th ar coefflcrent of varratlon of 54. 9% and a range of 3-98 pprn ‘A variability of '

28.2 and.a standard deviation of 32. 7 1nd1cate that the emlssrons at lattery 2 are also 1rregular o

and rather Wrdely drspersed about the mean value of 59.5 ppm.

G :/Aproject/Kippe_r/KII;mons/stat




R Amerrcan Coke and Coal Chemlcals Instltute ] e

‘ ."—Table 2 summarlzes these results

1NDUST;RY- WI.thfit:OMBUSTI‘oN.,srAck-liATA' COMPARISON -

_ .' ACCI rev1ewed AP 42 to determme the Pool of ava11able ennsswns data for combustlon stacks N
e :"_r.and pushmg em1531ons control systems No data Was readlly avajlable in. the l1terature tof.:__" EER

'icompare to the Monessen Coke Plant data The only avarlable data was that compﬂed by thef""_:f:‘_ '

R

| j - ',The average NOx (lb/ton of coal) and THC (lb/ton of coal) emlssmns from the Monessen Coke e
Plant Battery lB and Battery 2 Were compared to. the emlssmns from other plants in the 1ndustry, BRI

based on the ernrssmns summary prepared by the Arnencan Coke and Coal Chem1ca1,s Inst1tute N

3

: - : -The average NOx (lb/ton of coal) leSSlOH factor for the 1ndustry, mcludmg the Monessen Coke ; L
= :Plant 1is equal to I 21 lb/ton of coal The average NOx emlssrons from Battery IB and Battery 2. .
_ . Monessen Coke Plant Were 1 77 and 1 04 (lb/ton of coal) respectlvely The emrssmns from L
- ‘:"[-‘,Battery 1B were hlgher than; the mdustry average but were less than several other coke makmg B
- \,r.facﬂrtles The average NOX emlsswns frorn Battery 2 were below the mdustry average The ' ;.i_‘,‘.. o N
.— l.'average THC (lb/ton of coal) emlssmns for Monessen Battery 1B a;nd Battery 2 were below the B
' lndustry average of 0.47 lb/ton of coal Battery 1B had an average emlss1on rate of 0: 4l lb/ton of
'coal and Battery 2 average ernrssrons were 0. 19 lb/ton of coal Based on thls analyszs 1t appears ,-'ff_ o

o ,-as though the emlssrons data for KII is reasonable for thls class of source -

_ --The THC emlssmns for a combustlon stack consrst of the by products of fuel combustlon and allf R
: jeontr1but10n from coke oven wall leaks Combustlon 1s regulated by plant operators who adjust .

fuel to air ratlos based on temperature and oxygen concentratron in the. stack Hydrocarbons also ' B

enter the- flue gas through small cracks in the oven Walls Plant em1ssmns can be. affected by'

a repa1r and maintenance - programs conducted by the facrhty Although the wall mamtenance'

| program will reduce emissions from the fac111ty and extend the llfe of the ovens, agmg may

cause a general trend towards i 1ncreasmg the em1ss1ons

" Gi/Aproject/Kipper/KII_mons/stat




- PUSHING -EMISSIQNSECGNIRGi;Si"‘sifraM STATISTICAL DATAANALYSIS

| fiThe PECS mcludes a movable suctlon hood Wthh is located above the coke hot car and a.,_"j S
. baghouse wh1ch traps part1culate emrssmns durmg the push cycle Typrcally, 27 ovens are;'— e
L pushed in an 8- hour turn at ‘the Monessen Coke Plant ACCI conducted ermss1on measurements_i'\.r S

at the exhaust stack of the baghouse dunng a total of 79 pushes : ,,r.‘ "‘

S ACCI analyzed data from the PECS at the Monessen Coke Plant Stat1strcal analysrs wasﬁ'l'-f"
V o performed 011 bOth NOX (PPm) and THC (ppm) emlssrons data to obtam an average vartabrhty, ) R
| .standard devratzon coefﬁcrent of varrat1on and mmrmum and maxrmum values from three test B
L ,. programs Emrssrons data collected by ATS (1996) and Optrmal (1997) was analyzed along wrth_'_:. R
i ‘the. ACCI test clata Appendrx B contams the ﬁmtssmns data used for the PECS analysrs Wthll-';‘.::. Lt
- _"f;ncluded data; from 223 separate pushes frorn the three separate test programs The Stat1 Stzcal i o
‘_ _analys1s of the PECS e 1ssrons data is summanzed mn Table 3. The var;abrhty (2 6) and the
o coefﬁcrent Of Varratron (39 9%) Of the NOX emlssrons mdrcated that the data is: consrstent m-. :.":' o
: l-nature and somewhat close in range The NOx values recorded ranged from 2 3 21 7 ppm The-':' S

standard devrat1on of 3 4 suggests that much of the data is close to the mean value of 8 5 ppm .

e L 'The varrabrhty (O 45) and coefﬁcrent of var1atron (39 9%) mdrcate that the THC pushmg“'
- " emrssmns are also cons1stent in nature and somewhat close in range The THC values recordedi o
s .across all years of testmg range from 0.2- 3 9 ppm The standard devratron of 0: 56 1nd1cates that ‘

- most: of the recorded valucs are close to the mean, value of L41 ppm :

| _ 5 The level of accuracy for the measurements at these low levels may also be affected by the'
1nstrument accuracy The detectron l1m1t for the ACCI Hydrocarbon analyzer is 1 ppm. The:

'stated sensrtrvrty of the NOx momtor used by ACCI is. 0 1 ppm. -

| -'PRo-PosED_.EMIssr_oN"s LiTs

_ Stattsttcally derrved ‘emission hm1ts were developed by ACCI for both Battery lB and Battery 2

Combustion Stacks and the PECS using standard statrstrcal methodologres

" Gi/Aproject/Kipper/KII mons/stat.




S An upper 95% conﬁdence statement was used to denve a lb/hr hmrt based on the standard " SE

_ wrthm the proposed I~hour emlssmn hmrts The conﬁdencc 1nterval accounts for ﬂuctuatrons in "f _,"& -
" stack test data and emrssrons due 10 testlng equlpment accuracy, length of testmg perlod and R
i L process vanatlons The followmg equatlon was' used to detennlne the upper bound (UB) of the EErEra N

S 95% conﬁdence 1ntervaI

.,.: where t05 1s the tabulated Student 5.1 Value y is. the average of the data s 1s the standard

. dev1at10n of the 1: hour stack test data and n rs the number of l-hour stack tests performed

-A 95% conﬁdence mterval was used to propose the annual NOX and VOC emrssmn llmlts ona :
""."_'_:ton per. year (tpy) baSIS for both the Battery lB and Battery 2 Com‘oustron Stacks and the PECS e
-Th1s statlstlc returns the conﬂdence band for the sample rnean whlch isa range on elther s1de of A
: the actual mean The calculauon was based on the standard devratlon and sample srze of l-hour o

e ) stack test data 'A contldence rnterval (CI) 1s calculated in accordance W"lth the followmg_:

E .equatron.“ .

Sd .

CI—196*

s __where Sd is the standard devratron of the stack test data and nis the nurnber of l~hour stack tests
: performed The CI is then added to the sample mean. (average test result) to estabhsh the upper
95% conﬁdence 1nterval The upper conﬁdence 1nterval says that, with 95% certalnty, that the
- ‘actual mean emlssrons of the facﬂlty will be within the proposed annual NOx and VOC emission

: lrmrts Appendix C contams the sample calculatlons

G:/Aproject/Kipper/KN_mons/stat




T

: '1. ) .; penod

Y k ;Tables 4 and 5 compare the proposed emlsswn hnnts and the draft RACT Operatlng Perrmt -

L L1m1ts for NOx and VOC emlssrons from these sources denved usmg the above methodology

_ The proposed permlt hmrts are’ based on a la:rge pool of test data and standard statlstlcal analySIS-' L :
i methods ACCI cons1ders the lnmts tor prov1de a falr representatton of expected plant emlSSlOnS _ Y
The h}’drocarbon lnntts should be vahd for the next 5 year PeflOd At the end of the 5 -yearf- -
L . penod however hydrocarbon ennssrons may need to be re evaluated to determlne Whether'."-'_.:‘f"'.:'_. 2 o
SRy - battery aglng has had an effect on’ thetr levels At the end of the 5 "Yeaf Peri‘)d recent test TESUHSH‘;:{. 1: ',.:‘.

C il be evaluated to determme whether the emlssmn lmnts should be revrsed for the next 5 year_‘ IR

CONCLUSIONS BRI

: An extenswe test program and hterature revrew was eonducted for the Combustton Stacks and\- -
7‘ g"the PECS at the Monessen Coke Plant The testmg program 1ndlcated that the prevrously o e
o proposed RACT hmlts ‘were 1nappropr1ate and would be nnpossrble to meet 1n the long term ,

“ ACCI conducted an extended test program and a stattstrcal analys1s of avaslable test data toﬂ_-'_,‘_
e "}_)detennlne an appropnate RACT llmlt for the Monessen Coke Plant Tables 4 and 5 present the. | _f_.: -;‘.:. B
'-{—'ir'Pr0posed RACT Ilmrts I o A

 Gi/Aproject/Kipper/KI1_mons/stat




o -;'_;:fAdvanced Technology Systems Inc June 1997 Measurement of Partrculate Matter Volatllef";—,_'_'
Orgamc Compound, Nltrogen 0x1des Carbon Monox1de “and. V1s1ble Emrsszons from"- el
.- Battery- 1B.and 2 Pushing Emissions Control System Cornphance Test Program Koppers R e

Industrles Inc Monessen Pennsylvama

Advanced Technology Systems Inc June 1997 Measurement of Partlculate Matter Volatﬂef -- L

- Organic-Compound, Nrtrogen Oxide; Carbon Monoxide, -and Visiblé Emissions from

~Battery 1B and Battery 2 Combustion Stacks Comphance Test Program Koppers, : o

Industrres Inc Monessen, Pennsylvama

s i”-Alr/Comphance Consultants Inc August 1998 Emlssmns Evaluatlon of Batterles IB and 2;'.:7 : i
; Pushmg Emissions Control System, Battery 1B~ Combustion Stack, Battery 2 Combustlon'_ RS

Stack Koppers Industrles Monessen Coke Plant Monessen, Pennsylvanra

Optrmal Technologles December 1996 Emlssmns Evaluatlons of Battery lB and 2 Pushlngl‘_'_"f = a o
‘ -~ Emissions: Control System, Battery 1B Combustlon Stack and Battery 2 Combustron R

Stack Koppers Industrres Inc Monessen Pennsylvama

SteeI RGD LA, Torrle DA chkey, 1997 Prrnmples and Procedures of Statlstlcs a‘-"'-__-‘_

Blometrlcal Approach McGraw—Hﬂl New York, NY

""Amerlcan Coke and Coal Chemlcals Instltute Unpubhshed Test Data for Coke Battery_"': £

Combustron Stacks cn‘ca 1995

G:/Aproject/Kipper/KILmons/stat .




: 2% TabIcl Statlstlca} Analy51s Results for NOX and THC Emlssmns from Battery lB and Battery 2

Koppers Industnes Inc Monessen Coke Plant

BATTERY lB
STATISTICAL _
PARAMETER Sl e T efeealy

NOX (ppm) NOX (lb/hr) NOx (lb/ton THC (ppm) THC (lb/!lr)

THC (lb/ton SRR
Of coa]) _' '_:

Avemge '_" . 43‘2'_77':'-' i do4s

i Varlablllty '_fV: D "32'1‘ 71 01 273 := ‘-'-"';f__,‘,";12 1. )
Standard Deviation - ;, 445 __‘_"--12'"4' 02 U826 23T
- Coeff' c1ent of Varlatlon 103" 12.9 '. 129 915 - 80_.4-1_'-_"_:_
~ Minimum . 3319 '_‘7831 LA L0 00
Max1mum o 5194 3. ,7_. Lo _' 22 30100 882

T SR (R S

BA’I‘TERY 2

PARAMETER?ﬁ-_'j‘ R R RN ofcoal)

STATISTICAL } .- NOX (ppm) NOX (lb/hr) NOx (Ib/ton THC (ppm) THC (lb/hr) ', _. _- ::THC (lbft("i;;‘:.' 3

of coal) "._».: B

S oAvemge o 3s15 063 100 s s
o Variability 0 - 259 69 -0 01 282 64

'"rrStand‘ar.d'Deviati'onj S 37‘7 098 020 327 74

o : TC__og;fﬁ.c;.ie_nt bfVariatién'z"_ 107 - 159 159 549 639

Minimum - 2480 403 - 07 30 04
Maximum .~ . 41_0.0‘ j."_‘_80_.5_'- o140 980 200

L2
¥
Cor
63.9
oot

"THC as propane : -
2 Coefficient of Varlatmn = (100) (standard dev1at10n/average)

Gi/Aproject/Koppers/Kll_maons/statsum
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LatiL LTV Plttsburgh No Pl
S LTV Pittsbuirgh No. P2

= ””LTV Prttsburgh No. PBS
- 'LTV Pittsburgh No, P3N

- LTV Pitisburgh No.P4

- InlandNo, 9.

- Bethlehem Burns Harbor No 1
."Bethlehem Burns Harbor No 2-_;' .

) ‘f,-' Bethlehem: Lackawa:nna No. 7 pl
'Bethlehem Lackawanna No. 8 L

Bethlehem PA Battery A
S BethIehem PA No. 2
- Bethlehem PA No 3
“Sloss Nos. 3 4

Monessen Battery IB S

Monessen Battery 2

_ Average :

: Varrablhty
Standard Devratmn
7 Mmlmum _
= _Maxrmum o

e 56
T AT
R 22*5*
L oam
069
098
069
022 o
023
U118
U104

,\.:]*szr*\_
S -':0._62"-,_ ;
0.80 " -

PR L T

SUU006
1 B R
UT39. :

Y -0 59° T
-:0'.50'4’_‘ S
COND

0! 00 -
000 e
005 T

000
336

Emlssmn Factors for Monessen Battery IB and Monessen Battery 2.are glven _ o
' s as propane others are unknown - ' ST S

G:prrojecb’Koppe_rlelI_.m_ons/industry




47 - :‘_-T ab1@3 :Summal'y Of Statlstlcal Anal}’Sls Results for NOx and THC Emlssmns RN R

STAT ISTICAL

Val’lablllty ~~ 26 24 05
| o *I Standard DeV1at10n 34 . 27 c ?f.ﬁ; 06 B L L
ER Coefﬁclent of Varlatlon :"'539',9‘",' 409 39 9 40 4 L

~

lTHC aSpropane LR

G:/A_proj‘ecthoppers/Kl!_mons/Percétat _

L "'Pushmg Ermssuons Control SYStem Koppers Industrles ]nc Monessen Coke Plan i

- ' PARAMETER - NOx (ppm) NOx. (lbfhr) THC! (ppm) HC! (lb/hr)-ii P




Nitmpart A .

L

'ETable 4. Companson of the RACT Penmt L1m1t and the Proposed L1m1t for NOX Emlssmns : E 7:' e

Koppers Industrles Inc Monessen Coke Plant

RACT Permlt.lelt Proposed Rev1se .:;-antla R

EmlssmnSOurce L TPY G lb/hr TPY o bh

Battery lB Combustmn Stack : 286 607 S 476 13 . ‘
Battery 2 COIHbuSthH Stack Lo 246 5S4 287 o 8l

G:/Aprojéct/Kbppers/Kll_m_onsllimits




Table 5 Compa:rlson of the RACT Permlt lelt and the Proposed Lmut for VOC Emlsswns
Koppers Industrles Inc Monessen Coke Plant O SR

RACT Permlt lelt Proposed Revnsed lelt;f-»",jﬁ S

© EmiissionSource . TPY lbr COTEY b s

Battery lB Combustlon Stack .1“ 03 S 146 .' ‘ 54 _ A

Battery 2 Combustlon Stack | 1 9. 0.5 64 26
PECS 06 R Nl R S

G:/Aproject/Koppers/iKl,_ mons/Limits .
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SAMPLE CALCULATIONS

STANDARD DEVIATION

.- ‘/nz:f—(zﬁc)z

n(n-1)

. \/ (21)(80698.99) — (128637)"
h 21{21-1)

o [39805.01
TV 440

s=975

UPPER 95% CONFIDENCE-STATEMENT (UB)

1
UB =+t fs’(“ J -
. ' n

UB = 6126 + 1.960\/(9._75)2( 2; 1)

UB = 6126 +1956 = 81 tpy NOx

CONFIDENCE INTERVAL (CI)

3 S
Cl=196*—
"~ Vn

CI = 196+ 205
- /21

Cl=196%213
CI=417

Limit = CI+¥ -

Limit = 417+ 6126 = 6543 Ib/ hr NOx
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