
U. S. DEPARTMENT OF ENERGY 
INNOVATIVE CLEAN COAL TECHNOLOGY 

DEMONSTRATION PROJECT 

PASSAMAQUODDY TECHNOLOGY 
RECOVERY SCRUBBER" 

FINAL REPORT, VOLUME 2 OF 2 
APPENDICES A - M 

Project Title: Passamaquoddy Innovative Clean 
Coal Technology Program 

Report Designation: Final Report 

Project Sponsor: Passamaquoddy Technology, L.P. 

Cooperative Agreement Number: DE-AC22-90PC89657 

Issue Date: December 20, 1989 

Portland, Maine 
February, 1994 



APPENDIX A. 

List of Feasibility Studies 
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Status (1) Presentlv undergoing preliminary design and 
commercial negotiations. 

!?I Awaiting clarification of regulations. company 
decisions on alternative strategies, or further 
operating and test data on previous installations. 
"!eed fnr action acknowledged and serious interest 
in Recovery Scrubber expressed. 

(3) as (2) but with lower level of urgency and 
imminent action is not expected. 

(4) Cverseas plants with serious pollution problems 
which could be addressed. but where there is 
oresently no regulation and no available aid 
funding. 



APPENDIX B 

Typical Dragon Plant Coal Analyses 
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.,,TANOMA COAL SALES, INC. 

P.O.Bar602 Offlce: 412.5376731 
Lalrobe,PA 15650 Fax: 412.537-5820 

DPTE: July 13, 1993 rQW# 

VY /t&v&~/ 

ATfNx Mr. James Jaffray 
Dragon 

FROM: 

REz 

Mary Walker 
Tanumr 

Anelyz+es for 3rd Dragon Shipment 

Attached you will find Noone Assoc. results for the 3rd Dragon 
shfpment. I will forvard invoice, for same on Ncnday, JULY 19, 
1993. 

Sincerely yours. 
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- 
T.LvO!Li C0.U SALE 3002 

Tanoma Coal Sales, Inc. 
P.O. Box 682 
Latrobe, Pa. 
15650 

KM of sarde 
reLvma 13 “I 

OlW 07/08/93 

C2J.C. COHP. 3451.85 TONS 
BARGE A-8402 ON 6/19/93, m-7513 ON sdmpls IaIm" aI: 
6/30/93, ING-1194 ON ?/07/93 -- 

smp,s centlucdlion 

hr. NOONE ASSOCIATES 

SamPI. IaL.” br 

SAm 

% nQtst”n 
7. *rh 

% “0,. M,l,W 
x Fhd c.rban 

Told 

‘A suuur 

Stunb. 

I”lUd cefwm~uml 
sao(tonhJ lli=w 

sdtsnlnq ,n = *wl 
Fl”ld 

Analysis Certificate No. 69698 

FROnMATC ANALYSIS 

A, Rwwl.d OyE 

5.25 
7.84 8.27 

35.48 37.45 40.83 
51.43 54.28 

100.00 100.00 

2.70 2.85 

13168 13898 15151 

FUSION TEMPERAlWfiE OF ASH 

RmaUClnV mutam 

‘F ‘F 
‘f ‘F 
*F .F 
*F ‘F 

cooooo 

H,rdprov. Gdnd~b(Uty 

ChlOdll. 

O.ldMon 

SCREEN ANALsYSIS . 

*2x1;,: a = 6.95 1.06 . . 
1 1/4x1/4 = 46.04 . 

l/4 x 0 = 45.95 . 
TOTAL - 100.00 . 

1 
RCfDICUUII Uommd~ NOONE tKrf.5 

1 



07/13/83 15:57 22412 SJi 5820 T.LWif.i CO.AL S.&E 

JUI-14-3 rz! 8:5a SGCtE ?.sScciATES ItiC i.cx HO. 13@42527!20 
3033 

?, 21 

Tanoma Coal Seles, Inc. 
P.O. Box 682 oau: 07/14/93 

Kind 01 .amois 

weortw 0 UI 

Lb,. r8llra.d 

01,. rss.hd 

P. 0. No. 

COXPOSITE SARGES A-8402/HBL-7513/ 
INC-1194 (6/19, 30, K 717193) Sample mkm at 

"m 

salmu bdontinerlh 

SAM? 
w- NOON-E ASSOCIATES 

mol. ukwl w 
8Am 

43.10 t 

21.32 8 

24.14 % 

2.86 * 

0.76 8 

Analysis C.&kale No. 69714 205452 

HI- ANAL?SIS 

SILICON DIOXIDE 

XGl4INUM OXIDS 

IRON OXIDE 

CALCIubl OXIDE 

H?iGNESIuL( OXIDE 

SODItM OXIDB 

PO'J!.MSIU% OXIDE 

TITANIUM DIcxIDE 

HANGAHZSE DIOXIDE 

PHOSPHORUS PEWI’OXIDE 

SULFUR TRIOXIDE 

VNDETSRUNBD 

TOTAL 

IfNlDGBOVE GBlXDhBILT’I”I = 54 

0.51 t 

1.38 t 

1.02 8 

0.22 c 

1.32 z 

2.26 % 

0.51 0 
---w--e 
100.00 a 

A 

RupCl SUtmllMo. 

HO0 CUES 
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;- AM43 
EXPQR-T- C~RhXlRA-I-I@N 

I’ACSLMILE -I-DANSMISSION 

DATE: JUNE 18, 1993 

TO: DRAGON PROOUCTS 

ATTN: JIM JAFFRAY 

FRCH: ERNIE THRASHER 

RE: COAL SHIPMENTS 

TOTAL NUMBER OF PAGES - (INCLUDING COVER) 
i IF THERE ARE ANY PROBLEMS :ITH THIS TRANSMISSION, 

PLEASE CALL 412-537-5731 

The 2 barges loaded last week will arrive at Duquesae Wharf on 
Sunday, June 20. Rail cars are scheduled to be loaded on Monday 
evening. The composite result of the tvo barges is as follows: 

TOIWAGE: 2206.65 (Barge Weights) 
lKlISTzTRE: 5.00 
ASB: 
voI,xlTLB: 
SlJIlFux: 

g$+ +a: @?3YsFT& sqQw.fg) 

BTU: A64 13752 15000 

SIZING: +2" 0.479 
2' x 1 L/4' 6.82% 
1 l/4" x l/4' 55.19% 
l/4 *x0 37.52a 

The Ultimate, Kineral Aeh, and Grindability analyses will be 
completed early next week. 

In addition to the two barges detailed above, we have 
scheduled two additional barges to be loaded on UondaylTuesday, 
June 21/22. 

~L+=4-fa, 
any questions, please call ma at 412-537-5731. 

Best regards, 

(&$~~L 
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ZlOO4 

ASSOCIATES, INC. 

Tancma Coal Sales, Inc. 
P-0. EQX 682 
Latrcba,' Pa. 
UBSO 

,~. . - _. 

kl-dd~ BAKGE C~OSIrn l cTc-7803 L CEL-8417 
mFxt.+dQW sa!am 6/*x 6 11/93 

0-- I, 

ozlm& .sAE3' 

SmPbldrameaM 
4: NO.ONE WSGCIXLTES . 

SvnprrWIsnDy: 

Analysis c8rdnma No. 69SSS 205000 

KINERAL ANsxlPSIS 

SILICON DIOXIDE 43.05 6 

XG- OXmE 22.10 .4 

ImN OXIDE 24.17 % 

GUXO-8 OZIDE 2.970 .’ 

ItiaGm.sm OXIDE 0.88 6 

SODIQZ oxIne 0.43 .I6 

BQPASS~OXIDE '. 1.27 3 
; ., 

TITCS3m DICLXIDE 0,96 6 '. 

. lcurGqzsz DIOxm6 0.03 6 

PEosPxoRus PENToxmE 1.55, 0 

SJZUE TRIOXIDE 

uNn.ET=n 
--- 

TOTU 100.00 0 

lZTQ.EEbvE GVZIm = 51 
. 
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DATE: 

F\TTNI 

FROM: 

TANOMA COAL SALES, INC. 
P.O. 80X 662 
LatrO8e. PA 15650 

Olflce: 412X37.5731 
Fax: 412.5374820 _. 

June 25, 13CG b, I 
/PUS 

Mr. James F. Jaffray 
Dragw Products 

Mary Wol kor 
Tanulna Coal Sales. Inc. 

Attached are the independent la0 analyses for aur initial 
shipment to Dragon. .Plsh mineral analyses will fulluu. 

If you should hrvo my auwtionm, p1rrmm flz.1 free to cell 
me at c-+121 537-5731. 

Sincwely yours, 

Mary #al km 

Attachments 
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Aiih 

COMMERCIAL TESTING & ENGINEERING CO. 
aW‘“u.MICM: ,319 SOUTH YIGlIuI(1”Avr.. S”,IL,~DY. LoUI)AII”. ILL1No1s 6Dws. Imn ObJ- 

Juta 25, 1993 
-*cMEIJuL-uEKE70 

P.aeaxsm -um iw aa, 
TELa=%wt ru1- 

F*POP)tslm 

b TAlloNaw~- 
Pa Box 6R1 
LATWRE PA 15650 Sample identification by 

TM3.A COAL SAUs 

R.u.GS 1730 

and of SaBpLe BARGE PMrP BY CT&E 
reportsdtow WNI DRAFTED TONNAGE: 993.90 

saplo takw at HuH?HREY SXHFU OBSEIIVATION BY CT&E 

Sample taken br CaBSOL 5.534 HoIsTuRpI. AS 0mmwgD HI 
CONSOL LX9 

Date urplei May 24, 1993 
CaNSOL LAR HO. 5677 

Dsts recefved Yap 25, 1993 
i 60 NESI? SUIPLE -.. 

Auslyr~r Report NO. bh-88542 

PP Axa.LYS~ axR!AYR 

4 Noisture 
4 Rash 

l Yolltile 
trixtdcarteu 

ma/~ 
4 SUlfnr 

&l&eliuae &dinrhide 

5.59 x%x%x 
7.41 7.65 

35.25 37.34 

6% 
M 
100.00 

132a5 14012 X&f 15271 
2.30 2.44 

- - 
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Aiiii 

COMMERCIALTESTING & ENGINEERING CO. 
camw*rrlc,,, wlt4w”I*w~~uIIu A”&,. WI,L21(FI. LOHOI”“.,UNoIEEOl~. ,,ca,Td4Jm 

Lc\- urnmroan;sGmp+~“r 
--NL-IU 

June 25, 1993 *.a. ma %a, CuPxmum. w arr 
-FM- 

-XW- 

P TuiOIIA COAL SALES 
PO BOX 6312 
LATROBB PA 15650 SUple ldentlflcacim by 

TANOM COAL SAISS 

MACE lb'?? 

Kind of aaxplr BAXGb DRAFT ?aY CT&E 
reported ta aa COAL DRAFTED TONNAGE: 981.80 

sample taken at HUMPHREY SAHPLE OBSEWATION BY CT&6 

Sup10 takan by COHSOL 6.465 KOLSTURZ. AS DETFZNIXSD BY 
CONSOL LA3 

Data mgL?d nay 14, 1993 
CONSOL LAB NO. 5616 

Date recaived Uay 25, 1993 
,I 60 MESH SAl!PU 

"_ ~-. -- _ 

Analysis Report No. 65-611541 

PROnXAg..@m 

h, Rc-i”cd Drv Basis 

l noiscor* 
t Aah 

* volaeir* 
% Fixed -bon 

Btollb 
* mtur 

Alkallts a‘ Sodiw Oxide 

3.46 XXXXX 
7.41 7.90 

1s.34 J7.H 
.u.u XX 
100.00 100.00 

13.250 14015 MP 15117 
z.24 2.37 

X- - 

-wwmrul. 
“/s” llanm L elm*- m. 

;/.--Jd~~LiLJ 

:&L-,a 

OutleuKIl--a- ICUSYL” t&xm I” P”VW.L ccyy yI* APL.& noew.ru uo au!0 - .a YO mw-2” - ‘A‘xn 
ul.¶ -* .__._ -..e..“_.-- . . ..I.. -- .--a.- -I- 
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cil 
..TANOMA COAL SALES, INC. 

P.O. BOX 882 
Latrobe. PA 156SO 

Ottlce: 412.537.V31 
Far: 412-537.5820 

DATE: July 13, 1393 

ATTNI rlr. Jim Jaffray 
Dragon Products 

FROM : Mary Walkmr 
~molna Coal Sales, Inc. 

Plkaso find attached the mineral analyics for ths first tuu 
Dragon shiDmmts. 

I should have results for the third Dragcn shipment late 
this afternoon or early tomorrow morning. 

If you have any questims or requirs additional informsxtion, 
please do not hesitate to call me ilt (GlZl 537-5731 clr fax 
me at (412) 537-5029. 

Sincerely yours, 

Mary Wilker 

Attachments 
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T.L.0Y.i c3i SXE 22002 
70 iaim ?.21 

diiii 

COMMERCIAL TESTING & ENGIN’EERING CO, 
C~NNL"~LOFFICES: ~swsauf?j MIG~wO~VE.. Su~tll~~a.LaM~aO.lUINCLs601U-"~~- 

I-c. I- H.mard~3asam~&&#z-llnhrati~ 

uiy 6, 1993 RaAss~uL-pcIE~ 

3eMoQ 5 t-KpmeH 
PC. acI KS as%aa~yY~I ‘WFWa+arr Fu:W- 

b 
Tum COAL suES 
PO Eox 68a 
MTROEE PA 15650 A\. s Sample ideutificatian by 

TANOXb COAL SALE8 

BaGi 1730 

xind of cuph 
ropatiod to ua cdaxl 

Pap&? takea at 

Sample tlrPn by 

Date SampleA xay 24. 1993 

Dat. raceiti nay as, 1993 

BARGE DRAYT “ay ‘ma 
DFAFTI;P KUiiA'fE~,991.90 

sAxPrs~it!im&H ar mi.s " _ 

." 

SO-XVI3 SAHPLE 

Aaalyria Xaport H-3; 65-88542 

~YSIS or m -nIGEr P. IGFITXD BASIS 
:: ., 

s111ccm .$loxid* 41.46 
Ahimi.aiida ’ 24.71 

Titanium diode :: " I.16 

- -" .:: bon .& 
.' 

,, 16.13 
4.08 
a.a5 
1.35 
0.61 

kicium axidr 
" XaqnulUa.,axlde 

'F POtaSSfti qxble 
sodiim oxide i : 

- sul~&:ri&id. 
&+i&ahxidr 

keout%m axida 
Ba.ricu oxide 

Xangaucr~ oxide 
Undetermined 

3 00 
0.25 
U.SI 
0.13 
0.10 
0.w 

m 

Silica Valua = 69.a6 1ypc or Ash = BITrMPJoL'S 
Basr:Acid Ratio = 0.31 Foplillg Inddu = 0.19 

TXS~ TameKatUre = a525 l r Slagging MU - 0.76 
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.L-‘TI3== iii :e T.LYOY.4 COAL S.AE 

IU r 2003 1Qlcu~ . 

rtti 

COMMERCIALTESTING & ENGINEERING CO. 
aoIuuL Orrlcc, lOlO cnL8-w yIcYLl”O AUG.. rum VAR. I r#dR.All I, 1 ,PmL~““,&Y, “cq,sy.m 

ml.., ‘I -dmauw.ww-d.hwn 

July 6. 1993 uau4AoaFes¶uLLLna5mH~~ P.a.BasYa.CWCOUTXl.rnrr+n 
TEiEW%=(+r)- 

TAEHCILS COAL SALES ==~casda7 
b PO MX 68-a 

UTB6BX ?A 15650 
3c-cy~ z&-i 

S;rmple Identification by 
TEiOHA COAL SAL3 

-=?I=/ BMGE 1677 ,, " 

Kind oi supla SAW DWT &&Z 
reported to ~8 COAL DR~,,,TUENAGE: 981.80 

,. . 

sample taken at SAXPLS O@ATLOS. BY CT83 

siuo1a ukm bV 

Data mapled Xay 24. 1993 ,,’ : 

Date redoed nay 25, 1993 
40 Ksss SAHPLE 

-I .-.-. . -.y.-‘-” 
‘. 

Amly8ir Report 30. 65-88541 

:' 
A3A.Lrt1s m An 

, 
Sillcon &ida 
alnminm :ax?+ 

TitiPiue dikid* 

.- ,T.ran axide 
:. .I :-~Xa.lciu~ oxida 

\' " 
,, : Hagaecink.axido 

Potascidi bride 
Sadi& oxid, 

'i&i' ‘&xide 
m&wr~~pmtaxid= 

simutipa oxide 
Basiua oxide 

Xacgancae uridr 
rradatorninul 

Silica Value = il.la m &Ash = B!zTT-3nCCS 
Base:Acid Patio = o.a9 Fouling Index = 0.16 

l-raw *erprraru* = 2561 ‘I s1.lggiag Index - cl.59 

: ..~’ 
‘. ._ wn B 

49.70 
24.95 
1.16 

14.96 
3.89 
0.93 
1.31 
0.56 

2.84 
0.25 
0.17 
0.12 
0.10 

0.w 
100.00 



:\ 
SPRAGUE ; EVERGY 

C. H. SPRAGUE & SON CO. 
One Parade Mall, Portsmouth. N.H. 03801 Tel: (MI3)431.lwO 

Fax: (603) 4316371 

November 10, 1992 

Mr. James Jaffray 
Purchasing Manager 
Dragon Products Company 
P.O. Box 191, Route 1 
Thomaston, ME 04861 

Dear Jim: 

Attached is the analysis regarding the Dragon coal shipment 
delivered via rail to your Thomaston plant recently. 

As you can see, the as received btu's/lb did not meet our 
expectations of 12,750 minimum. Sprague has arranged with the 
coal producer to credit Dragon 5.36 per net ton for the btu' 
shortfall. 

Call us with any questions or comments regarding your order. , 
II: 

Sincerely, 
II 

and Supply 

GJS/lml 

cc: T. Flaherty 
D. Butler 
L. Derrick - C&K Coal Company 

“/ 

c 
I, +- 

/yf go 
i ‘/ 

i 

,: A?? AXEL )OHNSON NC COMPAM F<~ -/ 

ENERGY AN0 DIVERSIFIED U*IERI*LS “ANSLING SINCE la70 



G and C CO;u,AMLYSIS I.iiB.,INC. 
R.D. 1,BOX 324 

SUMMERVILLE. P.4 15864 
(814) 849-2559 

RECEIVED FROM: 

C.H. Sprague C Son Co. 
One Parade Mall 
Portsmouth , NH 03801 

L‘UNO. Composite 

SAMPLED lo-27,30-92 

RECEIVED lo-27,30-92 

REPORTED 11-04-92 

SA.WPLE !.f.tRKEO: 
Dragon Cement Order 
Takan at: C&K Coal Co. - Shannon Tipple & Piney Tipple 
Car Top & Flow Sampled by Dennis Butler 

! Mathematical Corqosite, 20 Cars Total 
14 Cars - Piney Tipple, 10-27-92 

6 Cars - Shannon Tipple, 10-30-92 

,. , ,,~ -. 
~.. ': .F i >:AS RECEIVED"' ~' 5 DRY BASIS ..*-;., ! 

: B.T.U.JMo'istur~&~Ash :Fr, 

\.: % volatile_,yatter.' ~'~" 
.~ .~. .::; ,... ... .,.,-..... 

;, . . . .~",y~. . . f . . ~. .~,.~~..._T~. .~. . -1. -. .,, ;, .,,,, ,),.I ,,,. :,'.:.;I., : ,', 
,,_., L, ,. ..<I~ ; ,__ _,:‘~ ..~~ :. ,..'~ .~-.. :.i '.~ .:'<cT'.** 7. 

._ ,;:,.; .;.,:,.. " .~ i 

THE.,BOVF 4SAIYTITiL RESULTS hVE4E .‘: 



Cd, ._- d, 

~4%wy 

SPRAGUE ENERGY 

C. H. SPRAGUE & SON CO. 
One Parade Mail. Portsmouth. N.H. 03aol Tel: (603) 431.1MM 

Fax: (SIG) 4316371 

October 6, 1992 

Mr. James Jaffray 
Purchasing Manager 
Dragon Products Company 
P.O. Box 191, Route 1 
Thomaston, ME 04861 

i 
Dear Jim: 

Attached is the analysis regarding the Dragon coal shipment 
delivered via rail to your Thomaston plant recently. 

Call us with any questions or comments regarding your order. 

Sin+rely, 

Smith 

Coal Marketing and Supply 

GJS/lml 

cc: T. Flaherty 
D. Butler 



G and C COAL ANALYSIS LAB., INC. 
R.D. I.BOX 321 

SUMMERVILLE. P.4 IS86J 
(8 14) 849.2559 

RECEIVED FROM: 

C.H. Sprague & Son Co. 
One Parade 41all 
Portsmouth , NH 03801 

SA.MPLE MARKED: 

Flow & Car Top Sampled By Dennis Butler - Dragon Cement Order 
Taken at: C&K Shannon & Piney Tipple - Coqosite Sample - 20 cars 

LAB SO. Composite 

SAMPLED 09-14,15-92 

RECEIVED 09-14;16-92 

REPORTED 09-25-92 

L Screens: l 2” 16.01 lbs. 6.27 % 
2 x 1 l/4" 42.06 lbs. 16.47 % 
1 l/4 x l/4" 158.58 lbs. 62.09 % 

l/4" x 0 30.75 lbs. 15.17 % 
..- 

l :: : ,:- -:.~:ANALYSIS REPORT 

.:. 

-+I- 

2~ ;- AS .<EkElVEil DRY BASG .-.<1 J. -y,- ,- 

% MoistuKe...;;j.~r...'~r....-r.;:~;;.-.~.~; < _ _ :.=zj ::.. --~;;. - 
% Ash ,._, ~, ~.~. T-s, --A. .-.+; _i ~ : i 

- ' * - * * - * - ~* * * - - 'f.Im;T.' -car,.-, ' ..'; . . . :.-i 
__ -::. :~- 

--, ;=I~s~ i- _ f~ > g .-c 
.‘. . . .;, ;- =’ .;‘5,58’~ ,& 
:- 1.e 

: ,_. : Z~ ~: .~. ,: ,I I ,; ,7;+T jyi :: 
: . . . . e i . ->- 9.68 

% Sulfu'r..*......'.~~.. ~,-.: 
-+>;;. ~:: _. ~~_~ 

..:..i: . . . . . . . . ~.::..;i-.~:-. '- .;$~i.70 2.86 

B.T.U.........,...... _ _ _ . --4’. . . c... . . . . . . :; . i . . . . : ,; 3’ 2 go , 13,546 : ~._ .~ .~ --...t:,.; pi. .z .~ 
Fr&),.::;~.;e... ,,'.-...~;..',;--;:-.,;-,_,,~::~: 14,998 "1~ 

: i . ,. .,, .:' B.T.U.(Moisture-Asi. 
:. ,i I ,.I., :,, ~, 

% Vo latile Ma'k,+?c. .'. . . :.y': .;-':'i'. . . .~'i .':'; ~,-~.,~ ,_.. ,. ',,:i ,,...... a. . %. ~" ,.. 
% Fixed Carbon.?.;.. . .';~~~~,;~~; .';. . .,,.i~,., .,- >..~.i.. _: L_ .- ., 

.; ;;i;y-r"f3 6. 5 g ..~ : .,:, ~~., 38.75 

. . . -.‘~. ::.>. 
Li. :~-?~ x4 8 s’6 9 I’m .::~, _,,,, ,_, 5 1 . 5 , 

:~ 
_ '_ 

,- T. _ ,T..~ 

: 

~.- 
., I_ 

1- -.~. 
1 

i”E 480VE ,,NALYI,CL RESULTS WERE ‘.’ 
c;%c cqr\~ Gysis i$s., rsc. 

_~ 1 

9z?L&dh* 
-,- 
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EASTER? ASSOCIATED COAL CORP! 
RESEARCH 6, TECHNICAL CENTER I, 
P.O. BOX 850 \, 
SOPHIA, W 25921 1. 

" \ 
/' 

'L4 

/ 
/' 

Klndcfsamc’c CALCULATED CGZEOSITE 14,546.t TONS 
!sur:ea IJUY C.H. SPRAGUE UT #UCG-64E & BUCG-668 samp~, mren II: 

FEOERAL #2 

cafe SimpleC g/19/92 Sample i*enriffcacron 
by EASTERN ASSOC. 

ch,r lecelred ---- 
sampie taken by 

P 0 NO. SAKE 

Analysis Cerlificale No 

PROXIMATE ANALYSIS 

00000 000000 

As Received Dry BSlll 

% Molrlure 7.19 
% Ash 6.12 6.59 

h vol. Mall*, 
% FIxad Carbon 

Total 

MAF - 

% Solfur 

Btwlb. 

FSI 

2.50 

13256 

2.69 

14283 15291 

Hnrdgrovr Grlndrblllly 

Chlorln* 

Oxldrllon 

WSION TEMPERATURE 0,~ ASH 

Inlllel Delorm8tlon *F 
Sollrnlng Iti =w) ‘F 

SoIlmIng (“I ‘/,vq ‘F 
Fluld ‘F 

Roducfn~ Oxldkl~ 

1: &lpyy 
‘F 
‘F I ,’ 



6iVSJT2RN ASSOCIP~TEO COAL CORP. 
TSSEARCH b TECHNICAL CENTP,R 
P.O. BOX ES0 
SOPHIA: W 25921, 

ca:e: 06/25/92 

i \:,z/ 

K!rnJ 8 3ertrgie 7s CARS 6250 TONS 
‘Cp3lieQ !7 u1 UT IUXC-10 C.N. SkRAGilE 

jJ\ 
sam;:e taken II: 

FEDERAL (2 

ci:e iampa 5/24/92 Snmpid Idenfikrlbn 
BY: EASTERh' ASSOC. 

( ca:o ,Pc*!Yed SAYE 
Simpro taken by: 

P 0. NO. SAKE 

Ana!ysis Certillcate No. 65877 C36524 

PROXIMATE ANALYSIS 

As Rmc4r*d Dry llr1l1 MA? - 

% Molrlur8 
% Ash 

SC vol. M.llar 
‘A Fixed Carban 

TOllI 

% Sullur 

6.60 
6.02 

2.09 

6.44 

2.24 

Hardgrcrm Otlnd~blllty 

Chlorkr 

Oxld~tlon 

: Btuflb. 13327 14269 15251 

_i 
~. FSI 
i. 

FUSION TEMPERATURE OF ASH 

Inlll~l Llaform~tlon 
sonmhllJ (H = wl 

Soll,nlng (H = ‘/l&J 

Reducing Oxldlalng 

‘F ‘P 
‘F ‘F 
*F ‘f 
‘F ‘F 

.x ‘<,. 



EASTERN ASSOCIATED COAL CORP. 
!XESEARCH L TECHHICAL CEHTER 
P.O. BOX 850 
SOPHJA, WV 25921 

Clk 05/24/92 

K!nd 01 sempl0 77 MS 7273 TONS 
!ePorlCd IO "I UT PUCG-508 C.H. SPRAGUE Srmpla Iakan 11: 

PBDERAL #2 

01:s tsmplad s/23/92 

oa:* recalwld SAMB 

P, 0. HO. 

smpfd ld4nullceil 

b‘r BAsTEFiN ~Soc. 

Srrmlr Id&en by 

Sm 

Analysis Cerllllcale No. 65860 C36515 

PROXIMATE ANAl.YSIE 

A, Awslwd oly 801h MAF - 

Y. Mol~lutr 
74 Arh 

*/a vol. YIlfW 
% Flx*d CIlbm 

TOthI 

5.92 
6.76 7.19 

liatdgtora arlndrblllry 

Chltinm 

axld~llon 

% sullur 2.19 2.33 

Dtullb. 13307 14144 15240 
'_ : 

FUSION TEMPERATURE OF AS” 

‘Inl1l.l D~lorm~llm 
8ollmlnq (HI m 

aollmlng (H = Hwl 
Fluld 

Raduclnq 

‘F 

Oxldlrlnp 

‘F 
‘? 

:: 

R 

4 

, pf &mad. 

H +sa%m 

---~,-_ .~ . ..-. .-.._ _ __- -T,-F-c-e-- 



ifamplon-Roads,?&h~ L ~__, ., ,_. 
611 r,wra Cn~.rsrr*,~,.‘.~rg,o,~ =,-pa 

iir (*Au) ,-y1 Fu. (Bw &?-tB1 

1 iaoorato~; Rep37 No. 279238 Da:e 0.C Rewort April 15. 1992 

CE~TTFICCATE OF ANALYSIS 
Saa~oi e 0'5: &Al.:;' ..Sii3EIT'TPfi 'j‘Qi?LZ 

(10620 h’eC Tons) 

Hark: Composicc sample of BITUHI#OUS COAL 
for Total Cargo loaded aBoard BARGE 
SomBSET. Hechanically/Eclr Saapled 

4.g '( :., i. ., ;. .'( ,. . . . .. z, ,.., " ., ,. .,:.." _. 

2 '-1 
il Sanpled 8y1 S&mpling Associazcs Intarneeianal 
Z= 
g PR3XIhlATE ANA..LYSIS - -__, -- 

*SPEcaMo ORI~AU 1 

TOTAL MWTWE .639 xxxn. 

5 voL4TlL.E MATTB 

K 
7’7 RIG dO.dd : 

P FIXED CARBON ‘i*,xn <1 9’) 

I; WHUR 1 771 ( 2. a9 

azu. PER LB. 

“‘6 WLO;ilEs ?ER GrUhi I 
7 &--2U3 1 -91, 

!'RE& SUELLX.!~G INDEX A.S.T.X. 7.G 
HOISTURE/ASii PREE S.T.U. :525-s 

,. 

. -. .- _. -.. .-. ,_, __ - '.- .... .._w ___,- 

tax transmittal mrmo .- - 

i ,.;, .$&. ;,+ 

.: 
. . 
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Latxua&~~~e~nti 279238 Ck@d&pfi April 15. 1992 

CEATIXATE OF ANALYSIS 
~Sa’mpla of; COdiS’; SLWfITT~O SAXi’LE _ 

(14626 NeC T&s) 

Xark; CO0ROSfte SdSPle Of 5IWMXRXfS COAL 
for Total Cargo loaded aboard BAAGE 
SOMERSET. ffcchanfcally/Belt Sdapled 
aC CCSC, Eai tiaord. Ha&ldnd 

Fro01 c. II. SpragLe P son co. 
Parrsauouth, Xcv Hampshire 

‘bate h&11'&3~“ . &ii3 .12', 1gg.J; : :j.. : ,.', ,. ._ -, 
. 

Sampled By: Sampling Assaeiates Inccrndtiond.2 

SC.wEN AXRLY~ 

SUE -?LhxHz 

2’ 
3’ G 1’ 

4.4 
15.4 

1’ x 114. 41.0 
l/4' x 0 39.2 

-mm-_ 
- 100.0 
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SCAAGUE u EYERaY 

C. H. SPRAGUE & SON CO. 
on-u&.- tf.MaOSM T& (601 1J1.COl Frc( bo3j 43147i 

UmLWY 
Eiitza--- 

a.2 

/ _., _~ ~,. -, 

January 3, 1992 

Mr. Dave Harrison 
Project Xaneger 
Champion International Corporation 
P.O. Box 1200 
Buckspoe, KZ 04416 

Dear Dave: 

Attached is the laboratory analysis regarding Sprague shipment 
91-9 for Champion's Bucksport mill. 

Please call us with any questions or comments regarding this 
shipment. 

analysir.ltr/csl 
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+ WESTMORELAND COAL SALES CO, - BANNER LABORATORY 
P.O. BOX 53 

BANNER, KY. 4lW3 /SOB) 8744231 

ROOWER geN”ruMy QIIEXION COAL co. 
DORESS P.O. Box 25 

DUE, kl 41812 

bb No. 
Dam R&d. 1242 TfiRU 12-16-91 
Oafa sampled 12-02 TEBU 12-16-91 
Samokd Bv At OFANE, K%NTUw(p 
cul-fcnvr CE4WION BARGS 91-9 
N6 X Stoker sire 5” x 0” 
SeunW VARIOUS 
WE&W Temp. F.P. 

coLIpOSII% AHALYSIS OF 97 C4ES 
QWlPION WGE 91-9 

PECIF CATIONS 

% Vobtilr % Fixed Carta % Moimm %Ash % Sulfur % BTU 

” R&d. 34.54 ., 51.77 6.04 1.65 0.70 12,992 
WBaL. 36.76 55.10 8.14 . 0.74 13,027 
\-M-FE4 15,052 

SPECS Fusion Tempwawrc of Ash s?Ecs 
:rm Swelling Index No. 5.00 Initial 2800+ *f 
ihd8bility lndrr No. 44 softming 2800+ *f 
>lcrim hmisphuical 28Ooc ‘f 

Fluid 2800+ v- 

SCREEN ANALYSIS 

SIZE WT. (IN LB.%) PERCENTAGE CUMULATIVE PERCENT 
5:: 22.73 9.72 32.45 9.72 

2 x 1 l/4 13.57 46.02 
1 l/4 x 314 15.65 61.67 

314 x 318 16.31 77.98 
3/a I[ 114, 6.54 04.52 
l/4 x 0 15.48 



SPRAGUE u ENERGY 

C. H. SPRAGUE & SON CO. 
One Parade Mall. Portsmouth. N.H. 03.301 Tel: (Kn).a~.~ca 

Fax: (603) 431.6571 

CAR” i. SHlT” 
YU.cu 
CnALWU uIYI*t~IuIIo* 

August 23, 1991 

Mr. James Jaffray 
Purchasing Manager 

,, Dragon Products 
P. 0. Box 191, Route 1 
Thomaston, ME 04861 

Dear Jim: 

Attached is the laboratory analysis regarding Dragon coal shipment 
91-3. 

Sine rely, d 

Atta ment 
T 

cc: J. Bangeman 
T. Batty 
T. Flaherty 
S. Wallace 
M. Walton 

dragonOl.ltr/csl 

,: AN AX!ZL JOHNSON WC. COMPANY 

ENERGY 4NO DIVERSIF,EO MATERIALS HANDLING SINCE 1870 



G and C COAL .ANALYSIS LAB., INC. 
R.D. I. BOX 324 

SUNWERVILLE. P.4 15864 
(811) 819-2559 

RECEIVED FROM: 

C.H. Sprague & Son Co. 
One Parade Mall 
Portsmouth , NH 03801 

LAB so. Composite 

SALtPLED OS-i2,;1-91 

RECEIVED ofl-12,14-91 

REPORTED 08-21-91 

SAWPLE UARKED: 

Dragon Cement Order Car Top Sampled by Dennis 
Taken at: C&K Coal Co. - Piney Tipple & Shannon Tipple 
* Mathematical Composite * 116 Cars Total 

Screens: +2" 3.35 % 
2" x 1” 18.27 % 
1" x l/4" 52.02 % 
l/4" x 0 26.36 % ,’ 

Butler 

7 

ANALYSISREPORT 

,AS RECEIVED DRY BASIS 

% Moisture ............................... 5.93 

% Ash .................................... 8.76 ' 

% Sulfur ................................. 2.18' 

B.T.U .................................... 12,800 J 

B.T.U.(Moisture-Ash Free) ................ 15,004 

sj Volatile Matter ........................ 35.74'. 

% Fixed Carbon ........................... 49.57 

Coke Button Index ........................ 8 

9.31 

2.32 

13,607 

37.99 

52.70 

THE .ABOVE ,,SALYT[CL RESULTS WERE 
OBTAISED FOLLOWlN~ ,,ST,U PROCEDURES. 



G and C Coal Analysis Lab., Inc. 
R.D. 1, Box 324 

Summerville, PA 15864 
814-849-2559 

C.H Sprague & Son Co. 
One Parade Mall . 
Portsmouth, NH 03801 

Dragon Cement Order 
Taken at: C&K Coal Co. - Piney & Shannon 

Tipples 
Car Top Sampled by Dennis Butler 
Composite Sample, 116 Cars Total 

Date Sampled : OE-12,14-91 
Date Received : 08-12,14-91 
Date Reported : 08-21-91 

QUALITY EVALUATION FORM 

- 

ULTIMATE ANALYSIS 

Carbon 14.99 

Bydrogen 5.05 

Nitrogen 1.72 

Chlorine 0.16 

.SUlfUK 2.32 

Ash 9.31 

Oxygen(diff) 6.45 

MINERAL ANALYSIS OF ASH 

Si02 46.27 

A1203 24.71 

Ti02 1.16 

Fe203 21.96 

CaO 1.53 

WO 0.67 

Na20 0.43 

K20 1.42 

PM5 1.17 

so3 0.61 

Und. 0.07 



APPENDIX C 

Continuous Emission Monitor Proposal from Enviroplan 
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ENVIR~PLANPR~POSAL 
#P43=7b21=3096B 
Exclusively Prepared For: 

' DRAGONPRODtkTSCO. 
Thomaston, lkla 

January 18, 1990 

ENVIROPLAN 



ENVIROPLAN 

CEMEX 
Continuous Emission Monitoring 

Extractive System 

Prepared For: 

DRAGON PRODUCTS COMPANY 
P.O. Box 191 

Route 1 
Thomaston, Maine 04861 

Telephone: (207) 594-5555 

P43-7021-3096B 
January 18, 1990 

59 MAIN STREET , WEST ORANGE, N.J. 07052 , 201-325-1544 n FAX: 201.3258477 



f--J ENVIROPLAN 

January 18, 1990 
P43-7021-30968 

Mr. Steven Wallace 
Dragon Products Co. 
P.O. Box 191 
Rt. One 
Thomaston, ME 04861 

Dear Mr. Wallace: 

Enviroplan is pleased to submit revised pricing for our CEMEX 
System. 

? Should you have any questions regarding our proposal, do not 
hesitate to call at your earliest convenience. 

hd 
Sincerely, 

ENVIROPLAN, INC. 

/d?i. pzti 
D.J. Shinkle 
Mid-West Regional Manager 

DJS/ma 

cc: B. Fournier 

59 MAIN STREET , WESTORANGE, N.J. 07052 , 201-325-1544 n FAX: 201-325-8477 
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1. PRICING AND SUBMITTALS 

I- ENVIROPLAH- 
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i‘ / ENVIROPLAN 

1.1 PRICING - CEMEX 

UNIT TOTAL 
ITEM QUANTITY DESCRIPTION PRICE PRICE 

1. 

2. 

1 CEMEX System far S 62,500 S 62,500 
SO and NO 

2 t! me suremen . 
Two point system. 
o heated dilution probes 
o air clean-up system 
o dilution control panels 
0 timer/sequencer 
o auto calibration 
0 auto purge 
0 W fluorescent SO2 

monitor 
o chemiluminescent 

NO monitor 
o stsndard cabinet for 

controlled environment. 
Nema 1A equivalent. 

o sample and hold for outputs 
o 4-20 ma outputs 
o estimated weight 600 lbs. 

3. 

4. 

1 lot Calibration gases To be supplied by 
and regulators owner (EP will 

specify concen- 
trations and 
packaging) 

1 lot Freeze-protected 19.50 per foot 
umbilical for item 
l- CEMEX system. 

2 Flow measurement 7,300 14,600 
devices 
o EMRC monitor 
0 100 ft. of connecting 

cable 
o AP and temperature 

provided outputs 
(4-20 ma) allow 
calculation 
of velocity 
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5. 

6. 

ENVIROPLAN 

I. lot System documentation 
o drawings 

(2 sepias and 2 print sets) 
0 service manuals 

(4 copies) 
o test documentation 

950 

1 lot Guaranteed certification 
for SO and NO 
(inlet2& outlet) 
Results provided: 
3 copies of all 
appropriate reports. 
2 copies - protocol. 

OPTIONS: 

A. 1 lot Start-up supervision 
(estimated at 2 mandays) 

B. I. lot Training program 
(estimated at 1 manday) 

Pricing exclusive of all sales taxes. 

20.500 

1,200 + T & E* 

600 + T & E* 

Shipping prepaid and added, FOB Indianapolis, Indiana. 

Delivery: 16 weeks AR0 and design engineering information 
including facility drawings. 

Terms of Payment: NET 30 days from date of shipment from 
Enviroplan Factory. 

Start-up supervision and/or training is planned for 3-4 weeks 
following date of shipment. If client is not ready for start-up 
supervision and/or training during this time period, they must 
contact Enviroplan field services at (317) 271-6039 to arrange fcr 
another date. 

*Travel & Expenses (T & E): The costs associated with travel to 
the site, travel expenses onsite, and perdiem costs are excluded 
from prices quoted. These costs will be billed at actual costs 
plus 10 percent handling. 
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ENVIROPLAN 

1.2 RECOMMENDED SPARE PARTS PACKAGE 

CEMEX SYSTEM 

ITEM PRICE 

Critical Orifice (2) 
Graphite Ferrules (2 box) 
Miscellaneous Small Component Parts 
Solenoid (3) 
NO Spare Parts Kit (1 Lot) 
SO; Spare Parts Kit (1 Lot) 

TOTAL S 5,610 
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1.3 SUBMITTALS 
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ENVIROPLAN 

1.3.1 Enviroplan Engineering Standards/ 
Envirqlan Standard Drawing Package 
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EN VIROPLA N 

9. Enviroplan shall use its standard transmittal form, 
Please see following page for example. 

10. No sepia mylar reproducibles or sepia vellum 
reproducibles will be supplied as a standard, yet can be 
provided at additional cost. 

11. Microfilm will not be supplied. All sepia paper 
reproducibles will be of microfilm quality. 

12. Xerox (blackline) will not be supplied as a standard, 
yet can be provided at additional cost. 

13. Any changes or revisions to drawings requested by client 
after installation can be provided at additional cost. 

14. Any deviation from Enviroplan Engineering Standards will 
be at additional cost. 



: ENVIROPLAN 

DOCUMENT TRANSMITTAL 

Enviroplan, Inc. 
Indianapolis Facility 
8212 Country Club Place 
Indianapolis, IN 46214 

To: 

Date: 
No. of Sheets: 

Attention: 

Project Name: 

Purchase Order No. 
\ Enviroplan Project Authorisation No. 

Enclosed: set(s) of sepias 
set(s) of bluelines 

COMMENTS : 

Very Truly Yours, 

Phone No. (317) 271-6039 
FAX No. (317) 271-2804 
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ENVIROPLAN 

CLIENT DRAWING PACKAGE 
DISTRIBUTION FORM 

) Drawing Number 1 Description Quantity I 

I 
I I 
I I 

I I .I I 

CLIENT: DATE: 

PROJECT AUTHORIZATION NUMBER: 
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ENVlROPLAN 

1.3.2 Miscellaneous Enviroplan Standards 



1. 

2. 

3. Standard flanges are: 

4. 

_I 5. 

6. 
._ 

7. 

a. 

9. 

10. 

11. Enviroplan Operation and Maintenance Manuals consist of: 

l-5-2A 

ENWROPLAN 

MISCELLANEOUS ENVIROPLAN STANDARDS 

Standard wire is a pvc-jacketed insulation. 

Enviroplan typically requests individual circuit drops to 
our system. Enviroplan can provide a power distribution 
panel as an option. 

a. CEMEX - 4" 150 lb. RF carbon steel. 
b. O2 - .4 meter comes with a standard mounting plate 

- 1 meter probe comes with standard mounting plate 
d. '* $$acity - comes with a 3-l/2" pipe flange adaptor. 

Any alterations in adaptation to material will be at 
additional cost. 

Enviroplag requires SO-100 psi instrument grade air dew 
point -40 F dirt and oil free. 

All wiring external to rack assembly and interconnecting to 
sample points or other locations is by client. 

Enviroplan standard outputs are 4-20 mA non-isolated. 
Isolated outputs can be purchased as an option. 

If power source is unstable or susceptible to spiking client 
is responsible for suppressors or transformers.. This option 
can be purchased. 

Lightning protection can be purchased an an option. This is 
not a standard option. 

Standard pipe arrangements for opacity blowers are capable 
of overcoming +3" w.c. Higher positive pressure or larger 
pipe diameters will require a larger blower motor. 

a. Soft cover containing name of client and project. 
b. Spiral binding 
C. Table of Contents arranged in systematic order. 
d. a-i/2” x 11" paper. 
e. C.E.M. Appendix constructed as above. 
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ENVIROPLAN 

1.3.3 Preventive Maintenance Schedule/CEMEX 

..I 
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ENWROPLAN 

PREVENTIVE MAINTENANCE SCHEDULE/CEMEX 

factors: 
A maintenance schedule is determined by the following 

a. Plant load 
b. Plant process 
C. Plant environment 

Preventive Maintenance includes: 

1. Probe: o Remove probe from process 
0 Clean coarse filter 
o Inspect and replace fine filter 

(quartz wool) 
o Ensure Cal/purge line clean 
o Apply anti-seize compound and return 

mantle 

2. Air system: Inspect and replace, if necessary, 
all reagents 

3. Analysers: o Inspect and replace analyzer filters 
0 Clean fan screens 
o Inspect and replace any reagents if 

necessary 

Enviroplan initially recommends maintenance on a quarterly basis. 
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/f--~t ENVIROPLAN 
i/ 

1.4 REQUIRED UTILITIES (General) 

1.4.1 CEMEX 

A. 

a. 

C. 

D. 

Instrument Air 

Four SCFM per probe at 85 psig 
+ 5 psig delivered to gontrol room rack. 
Air at dewpoint of -40 F 
(oil/dirt free is anticipated). 

CEMEX rack (optional) Nema-(x) 

115 VAC, 30A air conditioning/heating control. 
Qty. -1. 

115 VAC Circuits 

:: 
20A circuit instrumentation Qty.- 2 
15A circuit utilities Qty.-l - 

3. (Optional) 15A circuit probe 
heater Qty . -1 

4. (Optional) 20A circuit dual 
probe heaters Qty.- 1 - 

5. (Optional) 30A,.220 VAC for -- 
each freeze-protected umbilical 

220 VAC power (See C-5) 

One circuit at control room rack. 
30-amp for freeze protected umbilical. 

*Note : Client must supply effective power grounds for all 
equipment. 
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i‘ ENVIROPLAN 

1.5 SYSTEM STECIFICATIONS (GENERAL) 

Pollutant Ranges: Maximum lMinimum 

Flue Gas temp. max: 750' (standard probe) 1050'(high temp. 
probe) 

output: 

Calibration error: 

Response time: 

Zero span drift: 
24 hour 

4-20 ma or O-10%-5 vdc 

Less than 5% of gas value 

Less than 5 minutes 

Less than 2% full scale 

Relative accuracy: Less than 20% for 
applications at-5" 
H 0 or greater 
s z ack /duct pressure 

Cycle time: 10 to 30 minutes 

*ill cabinets/racks supplied by Enviroplan require dual access 
(front and rear). 
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-. 

1.6 REPRESENTATIVE DRAWINGS 

The following drawings are of a typical CEMEX System, 
and are not related to the specific.project quoted. Project 
specific drawings will be provided if contract awarded. 
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c ENVlROPLAN 

1.7 CLARIFICATIONS 

Enviroplan has based this proposal upon its standard 
system and practices which fully meet the requirements of a 
reliable and certifiable continuous emission monitoring system. 

Enviroplan will be more than happy to discuss our 
specific system and practices in further detail at your 
convenience. 

Although Enviroplan considers this quotation applicable 
to its standard system and practices, we have attempted to outline 
a few differences, exceptions and/or clarifications within this 
section. (Please also refer to the submittals section of this 
proposal for more specific information). 

a. 1 Enviroplan shall adhere to its standard drawing package. 
Details of these drawings have been developed in conjunction with 
various architect/engineering companies and customers. These 
drawings meet all normal requirements. Specifics of Enviroplan 
drawing package can be found within the submittals section of this 
proposal. Enviroplan would be happy to discuss variations to its 
standard package. 

b. 1 If contract is awarded, Enviroplan reserves the right to 
have P.O./contract reviewed by its attorneys and/or contract 
administrator prior to acceptance by Enviroplan. 

c. ) Enviroplan will consider any exception or clarification 
stated within these exceptions and clarifications also applicable 
toward any other items within specifications to which exception 
was not specifically taken: yet, item was the same in nature. 
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2. PRODUCT DESCRIPTION - CEMEX 

2.1 SPECIFIC SYSTEM DESCRIPTION - NONE 

2.2 GENEiiAL CEMEX PRODUCT DESCRIPTION 

The CEMEX System is not just one system. CEMEX is a 
family name for Enviroplan's Continuous Emission Gas Monitoring 
Extractive Systems, which are made up of various components and 
features. These components are made available in such a manner as 
to provide you, the user, the option of selecting the sampling 
system and monitor combinations most suitable for your unique 
applications. 

Enviroplan is not a manufacturer of gas measuring 
equipment. Each instrument manufacturer utilized by Enviroplan 
has given its equipment unique features, sensitivities and ranges. 
After careful analysis of your application, and based on our 
in-depth knowledge derived from long-term use of these 
instruments, Enviroplan is able to select the equipment from 
manufacturers around the world which best suits your needs. 

Through selection of the best sampling system and.the 
most applicable monitoring instruments,. (and with the addition cf 
associated hardware engineered by Enviroplan), together with i:s 
assembly and testing expertise, Enviroplan can provide you the 
best, most cost effective solution to your monitoring problems. 



2.2.1 Dilution Probe Sampling System 

The Sampling System described here and in the attached 
literature has been found to best suit your application's unique 
needs. 

The dilution probe sampling system has been in use in 
the U.S.A. for more than five years, and it has been widely 
accepted overseas for more than a decade in applications similar 
to yours. 

The 12-inch probe tip (the only foreign component) is 
designed in such a manner as to effectively extract a sample at a 
pressure of approximately 17 feet of water at a rate which varies 
by application but lies within ranges of one to five cubic feet 
per day. Law sample volume means less maintenance of filters. 
High pressure extraction prevents probe plugging. The sample is 
mixed in the probe tip with clean, dry air at ratios varying from 
10:1 to 5OO:l. This dilution ratio is selected to prevent any 
possibility of condensates in the sample line and to provide the 
ideal range of gas for the gas analysis equipment. The probe tip 
is manufactured of non-corrosive materials such as Hastelloy, 
Inconel and Pyrex. 

The sample is delivered under pressure through sample 
lines (not heat traced) to the ambient level EPA approved 
instruments for measurement. 
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2.2.2 Pumpless Source Sample Extraction 

Low volume, high pressure extraction is accomplished by 
means of clean, dry air. The air, delivered through the umbilical 
sample line, drives a highly efficient venturi which extracts the 
sample through a coarse screen, then a fine quartz filter, and 
finally through a sonic orifice metering device. 

After mixing the sample with air in the dilution 
chamber, the pressured air carries the diluted sample under 
pressure to the analyzer. Because the sample is always under 
pressure, sample integrity is guaranteed. 

2.2.3 True Dynamic Calibration 

Calibration gas is delivered through the sample 
umbilical line to the probe tip. The entire extractive chamber is 
flooded with calibration gas which then checks the fine filters, 
sonic orifice, mixing chambers (and so on) back all the way to the 
analyzer. 

Continuous functional checking is accomplished by means 
of a vacuum line in the umbilical line which checks the efficiency 
of the venturi chamber continuously. 
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2.2.4 Installation 

The equipment is mounted through a standard 4-inch port 
and held in place,by the 4-inch flange. These are mounted to the 
two inches outside diameter tube extension which supports the 
probe tip. 

Because the sample line is not heat traced, service 
loops are provided for periodic maintenance. That is, the sample 
line need not be detached for removal of the probe tip. - In fact, 
the system can be kept on and functional through the entire 
maintenance process. 

2.2.5 Sequence/Controller 

The Enviroplan-engineered and built-sequence controller 
is located at (or near) the analyzers at ground level for easy 
access. 

Air supply and calibration gases are 
controller, and the sample gas is delivered to 
the sequencer. 

The sequencer can be used to provide 
to six probes to a single set of analyzers. 

2.2.6 Rack Mounting 

attached to the 
the analyzer from 

sample gas from uc 

The sequencer and analyzers are mounted in a standard 
rack. When rack mounting is used, a stable environment must be 
provided. i.e., 5O0F to 95OF and 95 percent humidity maximum ia 
circulation fan is provided for heat dissipation). 
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2.2.7 Environmental Enclosure (OPTION) 

The equipment, other than the probe and sample line, 
will be mounted in an insulated, heated/air-conditioned enclosure 
with a walk-in door. 

The equipment is mounted in permanent racks which have 
been pre-wired and piped. 

All that need be supplied is a support pad, 220 VAC 

I, 60 Hz power, and an air supply. 
D 
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3. SERVICES 

3.1 START-UP SUPERVISION * 

Enviroplan will provide start-up supervision for the 
supplied CEM equipment. This service includes telephone 
consultation, as major equipment items are physically located and 
installed, sample and signal lines are installed and terminated, 
and plumbing/electrical services provided. An Enviroplan 
engineer(s) will arrive on site to inspect and check the physical 
installation, turn on systems, correct minor problems, and 
initially calibrate the systems. 

Enviroplan expects that the following conditions will be 
met prior to 
supervision: 

1. 

2. 

3. 

4. 
5. 
6. 

7. 

a. 

9. 

arrival of Enviroplan engineers for start-up 

Instrument air has been supplied to the instrument 
cabinet where required. 
Calibration gases for project are mounted for 
use. Regulators are available. 
Any periferal equipment that Enviroplan will 
install or make connections for are available for 
use. 
All cable and umbilicals are installed. 
Equipment should be positioned for start-up. 
All flanges to be mounted on stack and duct 
locations. 
Electrical power should be supplied to instrument 
cabinet or shelter and fof CEMDAS system if 
supplied. 
One technician to be available to assist engineer 
in start-up of system. . 
Radios available on site for start-up use. 
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10. Phone line for data transmission at DAS System. 
11. Adequate temperature Control of instrument 

environment. 

If any of the above requirements have not been met upon 

arrival of Enviroplan engineer, additional charges will be 
required caused by delay. 

Upon the completion of installation supervision, 
Enviroplan will not be responsible for system maintenance 
operation. Warranty repair will become effective. 
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3.2 CLIENT RESPONSIBILITY FOR CEi4 CERTIFICATION 

Cliant will be responsible for the following: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Steady state boiler load conditions. Variations 
limited to + 25% of average load value. 

Greater than 50% boiler load conditions for all 
RA and CD test periods. 

Sufficient plant fuel and calibration gas supply 
to prevent interruptions during these periods. 

Minimum of three weeks' notice to schedule relative 
accuracy tests. 

Must decide whether reporting units for relative 
accuracy tests will be in ppm or lbs./MMbtu. 

Collection and analysis of fuel samples if 
necessary for relative accuracy test completion. 

Collection and provision of plant operating data 
during the time of relative accuracy and 
calibration drift tests. 

h. If relative accuracy is calculated in PPMbtu, 
client is responsible for supplying the 
appropriate fuel factors for use. 
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3.3 GUARANTEED SYSTEM CERTIFICATION * 

Enviroplan, in conjunction with plant personnel, 
assigned to the equipment maintenance will carry our full 
certification of the systems provided. This will include all 
testing prescribed by Federal Register or appropriate Performance 
Test Specifications. An Enviroplan selected stack testing team 
will carry our appropriate relative accuracy testing. Plant 
personnel will be required to terminate calibration error drift, 
zero drift, and other long period automatic testing procedures and 
to provide the data to Enviroplan. Enviroplan will prepare the 

I 
final certification report. Enviroplan guarantees that the system 
provided will pass certification testing and will make equipment 
corrections/adjustments and repeat testing if necessary to assure 
certification. A plant employee is to be assigned to 
record and evaluate zero/span data with Enviroplan Engineers by 
phone. 
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3.4 MAINTENANCE SERVICE CONTRACTS * 

Enviroplan can provide various levels of maintenance 
support if necessary to help plant technical personnel smoothly 
operate the CEM system provided. 

The contract proposed includes quarterly preventative 
maintenance and system calibration as well as providing for 
emergency maintenance. A fixed cost is provided that includes the 
expected number of emergency calls for the system. Additional 
emergency service will be available on a preferred customer basis 
at discounted rates. Enviroplan will provide for all normal 
expendable parts in conjunction with the service provided. The 
service for this system will originate from the Indianapolis, 
Indiana service center. The customer will be responsible for all 
spare/replacement parts (except for warranty coverage during year 
one) and calibration gases. 

3.5 TRAINING PROGRAM * 

Enviroplan can offer a tailored, custom training prcgram 
to customer technical personnel. Training will normally be 
carried out on site after system installation, and.will consist of 
classroom and hands-on training. The amount of and level of 
training can be. adjusted to customer requirements. 

*The costs associated with travel to the site are excluded from 
prices quoted. These costs will be billed at actual costs plus 19 
percent handling. 
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4. LIXITED WARRANTY 

Enviroplan, Inc. guarantees that all goods sold here- 
under are free from harmful defects in material and workmanship, 
and conform to the specifications agreed upon in writing, signed 
by Purchaser and Znviroplan, or in the absence of such specific- 
ations, to Enviroplan's catalogue description of the goods. 

This limited warranty is valid for a period of twelve 
(12) months from date of shipment or twelve (12) months from ,, 
installation whichever comes first. Enviroplan agrees to rework 
or replace, at its option, goods found to contain harmful defects 
in material or workmanship, provided Enviroplan is notified of 
such defects within seven (7) days of discovery of such defects, 
or such other period as may mutually be agreed upon in writing: 
and provided further that such goods have been maintained and/or 
operated in accordance with Enviroplan's recommendations and/or 
standard industry practice. Such reworking or replacement will be 
performed, at Enviroplan's option, either at (a) Env.iroplan's 
factory, provided that the purchaser shall pay all charges for and 
associated with the removal, transportation, and reinstallation 
of the goods, or (b) a location designated by the Purchaser. In 
the event Purchaser elects, pursuant to subparagraph (b) above, tc 
have the goods repaired or replaced at a location other than 
Enviroplan's factory, then Purchaser agrees to pay Enviroplan an 
amount equal to all additional costs and expenses (such as travel, 
lodging, per diem, and excess labor costs arising from the 
performance of services at the location designated by Purchaser) 
incurred by Enviroplan in performing the repairs and/or 
replacements at the location designated by Purchaser. Correcticn 
of any nonconformity in the manner and for the period of time 
provided above shall constitute complete fulfillment Of all 
liabilities of Enviroplan under the foregoing warranty. 
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ENVIRCPLAN PARTIAL USERS LIST 

CEXEX CEMDAS CEMOP L. C'%OX 

1. BOC/GM 1 
Flint Operations, Michigan 
Stephen Kelly 
(313) 236-4005 

2. Wisconsin Pub. Serv. Co. 1 2-281 
Rothchild, WI' 
Dan Schneider 
(715) 359-3351 

3. Cincinnati Gas & Electric Co. 1 
Eastbend Station, Ohio 
Denny McGrath 
(606) 586-5600 

\ 
. 4. City of Lakeland, Dept. of 1 

Electric and Water Utilities 
C.D. McIntosh Power Plant 
Farazie Shelton 
(813) 666-5575 ext. 3642 

5. Muscatine Power & Water 4-281 
Cliff Scherrer 
(319) 263-2631 x583 

6. Wheatland Foundry 3-216 
Chatanooga, TN 
Harvey Rice 
(615) 265-3181 

7. Alcoa l-281 
Cleveland, Ohio 
Richard King 
(216) 641-4190 

8. Ensco 3-281 
El Dorado, Arkansas 
Jerry Misenhefmer 
(501) 863-7173 

9. Platte River Power 2-216 
Rawhide Station 
Doug Carlson 
(303) 482-2000 

59 MAIN STREZT , WESTORANGE, N.?. 07052 . ZPl-3251544 . FAX: 201.m-a477 
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10. Diamond Crystal/Intl. Chimney 
Dave Stevenson 
(216) 745-0031 

CEbEX CE”IDAS CEXCP CEXOX 

l-281 
4-216 

11. International Chimney Corp./ 7-281 
Cogentrix 
Kittaning, PA 
Mike Krapf 
(412) 543-3043 

A. Cogentrix Carolina 
Leasing Corporation 
Roxboro, NC 27573 

l-lpt. 
NQx 

3. Cogentrix Carolina 2-2pt. 
Leasing Corporation 
,Fouthport, NC 28461 N"x 

C. James River Cogeneration 2-2pt. 
Corporation 
Hopewell, VA 23860 N"x 

._. 
D. Cogentrix Virginia Leasing 2-2pt. 

Corporation 
Portsmouth, VA 23703 N"x 

12. Southern California Edison 7-281 
aiff Horvitan 
(818) 302-1522 

13. 3abcock h 'rlilcox 1-2 pt. 
Ohio Edison H Q, 
Parberton, OH ca .~ 
Pobert Monteith CO2 
(216) 860-6517 
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CEYEX CEMDAS CEWP CZ:-10X 

-4. ANR Pipeline Co- 
Detroit, MI 
Ed Mizgaiski 
(313) 496-5792 1 

. - 3. County Sanitation District 
Los Angeles, California 
Joe Smisco 
(213) 721-1278 

1-2 pt. 
sot, 
NO*, 
C02' 

2-281 

l-281 

-6. Skagitt County 
Resource Recovery Facility 
Seattle, WA 

l-2 pt. 1 2-281 
9, 

2-o2 

co 
Don King 
(206) 424-3551 

7. Greenville Steam Co l-281 
_a Greenville, ME 

Scott Hershey 
(207) 695-2125 

18. Niagara Mohawk Power Corp. 2-281 
Syraccuse, NY 
Carl Griebno 
(315) 349-2232 

9. Denison University 
Granville, OH 
Larry Layton 
(614) 587-6264 

l-281 

LO. ?ackaging Corporation 3-281 
of America 
Rittman, OH 
Brian Taylor 
(216) 925-0222 

.-. Central Maine Power Co. 4-281 
Yarmouth, ME 
Jamie Cough 
(207) 846-9055 
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-2. Hilton Davis 
Cincinnati, OH 
Randy Calhoun 

1 (513) 841-4000 

CEMEX CE”DAS CEMOP CEXCX 

l-281 

.?-? Nekoosa Packaging 1 
Tomahawk, WI 
Brian Hansen 
(715) 453-2131 

1 . . Dairyland Power Coorperative 2-l pt. 2 2-281 
Lacrosse, WI 
Harold Frank 

S02' 

(608) 788-4000 
NOx, 
9, 

?5. Bechtel-Semass 2-2 pt. 1 
\Waste to Energy 
Cape Cod, MA 

9, 

2-281 C-02 

1 
Greg Wilson 3 
(508) 291-1813 

26. Maxwell House Coffee l-281 
General Foods Corp. 
Jacksonville, FL 
Michael George 
(904) 366-3228 

.I. Hempstead Resource Recovery 3-l pt. 1 3-281 
Facility 
Garden City, Long Island 

co2, 

American Ref-Fuel 
so2 

Don Olson l-3 pt. 
(713) 531-4233 co, 

S02' 
co , 
H2a 

U. Essex County Kesource 3-1 pt. 1 3-281 
Recovery Facility co, 

g-o2 

Newark, NJ 
American Ref-Fuel 

so2. 

Don Olson 
NOx, 

(7,13) 531-4233 l-3 pt. 
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C3EX 

29. CRRA Southeast l-2 pt. 
Resource Recovery Facility 
?reston, CT %: 
American Ref-Fuel so 
Don Olson 
(713) 531-4233 

NO;, 

CZXDAS CSXO? CEMOX 

1 l-281 2-o2 

1-2 pt. 
S02' 
co, 

;;a* 

30. Medical College of Ohio l-281 
Toledo, OH 
John Brenner 

_I (419) 381-3906 

'..~ 3 1 . Monarch Cement 4-281 
Humboldt, KS 
Jack Green 
(316) 473-2223 

32. Xetropolitan Edison 1 
Portland and Titus Stations 
Gary Magno 
(215) 921-6725 

33. LFC Power l-1 pt. 
Rillman Project co, 
Hillman, MI 
Greg Ritzlaff N"x 
(503) 697-0263 

34. Sabcock & Wilcox l-l pt. 1 l-281 l-.2- 
Lauhoff Grain 9,’ " 

L 

R. Anderson NO 
(216) 753-4511 coX' 

35. General Electric 3-l pt. Z-2- 
Schnectady, NY 
Cairo, Egypt N"x 
Ellen Smith 
(518) 385-0828 



36. Exxon Company 
Houston, TX 
Ray Mansfield 
(713) 656-7363 

CENEX 

l-1 pt. 
co, 
NO 
co; 

l-l pt. 
SO2' 
NOx, 
co2 

- 
ENWlROPLAN 

‘V 

CCXD?.S CE!-!CP C240% 
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continuous 
emission monitoring 
extractive system 
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Stack gas emissions are difficult 
to monitor continuously. The 
traditional extractive system 
must draw out over 200 cubic 
feet per day of dirty, wet, corrosive 
gas. This sample passes through 
heat traced sample lines to 
cleaners, dryers, and pumps to 
provide a clean dry sample. The 
sample is :hen sent to gas 
measuring instrumentation 
originally designed to measure 
parts per billion and modified to 
measure parts per million. These 
systems frequently have low data 
capture rates and high 
maintenance requirements. 

Traditional in-situ gas 
monitoring instruments have 
much higher data capture rates. 
However, they are installed in 
hard-to-reach places - making 
maintenancedifficult. Maintenance 
has become ever more costly, 
and the instruments work only in 
very narrowly defined and 
limited applications. 

Based on more than a decade 
of experience as one of the 
nation’s leading suppliers of air 
pollution measurement systems 
and services. Enviroplan’s CEMEX 
is a stack gas monitoring system 
which provides maximum data 
capture with minimum 
maintenance. 

A new solution to an old p~rc3 
:; 
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instock Automatic 
lnline Calibration 
Calibration zero and span 
gas is introduced directly 
into the probe tip, doing 
away with cumbersome 
stack mounted valve 
enclosures and providing 
a truly complete 
system check. 

Simple Sample Lines 
No heat trace is 
ever necessary. 

CPA Approved 
Instruments 
CEMEX uses only U.S. 
EPA Equivalent Method 
instruments for SO2, CO, 
and NO.. 

Non-criteria Pollutant 
Monitoring Capability 
TRS. HzS, and many other 
non-criteria air pollutants 
can be measured 
with CEMEX. 

Multiplexing 
One system can be 
multiplexed to monitor 
any number of sample 
points. 

Field Expandable 
CEMEX is field 
expandable. In most cases 
mounting the additional 
equipment in the existing 
rack, and installing wiring 
and plumbing, can be done 
in less than one day. 

Pre-Built 2nd Tested 
CEMEX is a complete 
system, delivered ready to 
operate at your site. You 
are welcome to see and 
teat your own system during 
the assembly process. 

Reliability and 
Maintainability 
CEMEX uses only 
equipment and instruments 
which have proven their 
reliability over many 
years of actual field use. 
We have found simple 
systems preferable to more 
complex micro-electrical 
equipment for ease 
of maintenance. 

Parts Availability 
Enviroplan maintains an 
extensive parts inventory 
for CEMEX. 

CEMDAS 
CEMEX can be used with 
Enviroplan’s Continuous 
Emission Monitoring 
Data Acquisition System 
(CEMDAS) to automatically 
prepare reports in EPA 
approved formats. 



I STACK GAS 

3ilution Is The Solution Controlled Environments 
The problem with for Instruments ant 
extractive monitors has All CEMEX equipment is 
always been all that dirty, 
wet, corrosive gas. 

housed in environmentally 
controlled, walk-in shelters 

The problem is: how do placed at convenient 
you make clean, dry locations. 
non-corrosive gas out of Instruments operate best 
stack gas? in these controlled 
Dilution is The Solution: enviroments, and so do 
The sample gas in the the people who 
probe tip is diluted 50 to maintain them. 
200 times with clean dry 
gas. 
The result is: ciean, dry 
gas which does not 
require heat tracedsample 
lines, pumps, filters, 
or dryers. 

7elioble EPA 
,+proved Monltcrs 
A sample diluted 50 to 
200 times can be readily 
measured by existing off- 
the-shelf ambient 
monitoring instrumentation. 
These instruments were 
designed for long-term un- 
attended field operations. 
The equipment has a 
long history of proven 
reliability. Parts, 
training, and service 
are readily 
available. I 

[PYREX) 

r QUARTZ WOOL 
FINE FILTER 

COARSE FILTER 

MOUNTIF4G 
FLANGE 

TO VACUUM 
GAUGE 

DILUTED SAMPLi 

-0lLUTlON AIR 

SAMPLE 

DILUTION 
PROBE TIP 
The Dilution Prote ! o ‘s 
constructed of Incone! $30. 
Hastelloy C276. 3: 6i 
stainless steel anc Pyrex 
glass; These mater1a.s 
have been seiec:eC ‘3 
eliminate corrosion :a? 
to corrosive flue ;as+s 

Plug Free 
The pump is !c,H-. -‘..I. 
high pressure, ?I?” - : : 
an atmosphere I’ :I 1 : 
17 feet of water z,;ci .‘5 
onthefiiters.?7,5 “: :-1 
nearly plug-free 
long-term ooerd: :- 



iPECIFlCATlONS 
xometer 

Flue Gas Temperature 

Specifications 

obe Length 

ilities’at 
Analyzer Shelter 

ilectrical 

. instrument Air 

L.ilities at Probe 

Data Interface 
. nalog Output 

. Discrete Signals 

C-libration Error’ 

f sponse Time 

Drifts’ 2 and 24 hours 
f zero and span 

Up to 750” F 
(optional to 1100” F) 

Standard - 2 to 10 feet 
Optional . greater than 
10 feet 

208-230 VAC, 0. 60 Hz, 
15A 
2 SCFMlprobe dry 
instrument arr 

None 

4-20 mA or O-10 Vdc for 
each gas measured 
Normal/service status, 
zero Cal indicator, span 
cal indicator. 

Less than 5% of reading 

Less than 5 minutes 

Less than 2% of full scale 

Parameter 

Relative Accuracy* 

Weight and Size 

- Probe Assembly 

- Probe body 

. Analyzer Shelter 

Specifications 

Less than 20% 

30 pounds total 
(dependent on length) 
2-inch diameter x length 
required 
1400 to 1600 pounds 
(depending on 
analyzers included) 

- Sample Line 

Probe Materials 

l-inch diameter 
350 feet maximum length 

Hastelloy C276, lnconel 
600. Pyrex glass, 316L 
stainless steel. 

*ExDrefSed as the sum of Ihe absoiute mea” value PIUS 9% 
confidence mtewal of a series of tests 
(see CFR Title 40. Part 60. Appendix 61 

For more information about CEMEX. and Enviroplan’s 01.qer 
environmental systems and ServiCes. COntaCt: 

n ENVIROPLAN 



CEMEX FEATURES 
lnstock Automatic 
lnline Calibration 
Calibration zero and span 
gas is introduced directly 
into the probe tip, doing 
away with cumbersome 
stack mounted valve 
enclosures and providing 
a truly complete 
system check. 

Simple Sample Lines 
No heat trace is 
ever necessary. 

EPA Approved 
Instruments 
CEMEX uses only US. 
EPA Equivalent Method 
instruments for SO2. CO, 
and NO.. 

Non-criteria Pollutant 
Monitoring Capability 
TRS. HzS. and many other 
non-criteria air pollutants 
can be measured 
with CEMEX. 

Multiplexing 
One system can be 
multiplexed to monitor 
any number of sample 
points. 

Field Expandable 
CEMEX is field 
expandable. In most cases 
mounting the additional 
equipment in the existing 
rack, and installing wiring 
and plumbing, can be done 
in less than one day. 

Pre-built and Tested 
CEMEX is a complete 
system, delivered ready to 
operate at your site. You 
are welcome to see and 
test your own system during 
the assembly process. 

RelicbiWy and 
Maintainability 
CEMEX uses only 
equipment and instruments 
which have proven their 
reliability over many 
years of actual field use. 
We have found simple 
systems preferable to more 
complex micro-electrical 
equipment for ease 
of maintenance. 

Parts Avollobiliiy 
Enviroplan maintains an 
extensive parts inventory 
for CEMEX. 

CEIVDAS 
CEMEX can be used with 
Enviroplan’s Continuous 
Emission Monitoring 
Data Acquisition System 
(CEMDAS) to automatically 
prepare reports in EPA 
approved formats. 
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SO, Anatyzer 
Model 43A 
For Continuous 
Ambient Air 
Monitoring 
Therm0 E!ao:ron's Model A3A Puked 
Fluorescence SO, Analyser provides 
uneaualea ease of o~ra(lon. reliibilily. 
~rac:son ana sceoikny. The umgue. 
pawxw. ficlb~proven Pulsed Fhmes 
car-Kc f?h?l+d offers ugnmwc &verb 
tapes fm mcDsunng amr.sem SO, 0y 

,elw?~u-&mg tne md tx OXDMZAVC and 
Imcconsmmg ma.mrarance and rc 
o~acamem 01 wfsumawss. 

Key Features Model 43A Specifications’ 

l :?A awtoved (ECSA.O486460) 
l r>gn sensmnly low nose 

l No conr~ma~ie gases or WC! 

cncmcah recuneQ 

l Longterm zero and s;an scatilii 
l Ficlcl prow” ratiaany 

l I~SC~S~IIVC 10 changa in now 

am :e~.pctaure 

l scecmc :o so, 

l Linear response through ell ranges 
l Torally fakomamd 

l Longwm unansndec operauon 
l Mamlenance lrer 

- D~glral o~spiay 

l Re’!ec:lvc U.V. Skerlng 

(cam acmee tor) 

l u.v l rc:tailon slaolli2ec 
by c!oseC imo contrd 

l Hermetically sealed U.V. !+p 

Ranges 9100’ PPb. 200' PPD. 500' Ppb. 
1000' PPO. and 2OW ~00 
1% of Range 

NOISC (At Zero) 0.5 DDb (FaS%Ta ReSC-JnSa) 
0.3 cm cs;ow i%e Rcswnsc) 

RCSPONI Trnc (o-95%) 

Lower Deaable Lnn~t 

PrecfsIon 

Zero Dnk 

Scan Orlk 
innrlerences par EPA Levets 

M-XylCnC 
+I,0 

2 minufes (Fast Tme Resoonse) 
4 mtnutas (Slow lime Response) 

1 pm Fas: Time Rcssonsc) 
0.6 pob (Slow Time Rasoonse~ 

1% of Reading or 1 ppb 

Less than 1 DDD Der da)Y 

t O.SWWeek 
Less than LDL exce;! lot Ihe follower; 
Lcu lhan 3 mb 
Less man 2 cm 
Less fhan 2% 01 reaamg 
(as auencnql 

‘See feaera Regtster. Thursday 
A~nl 10. 1986. Volume 51. NO. 69. 
lor OefirWOns ana leaeral speonicanons. 

Te~ec$aIure DeptndatCe 

Soan 
Powe? 

Vdtagc 

Sac and Welanf 

t 0.05w c 
* O.lWC 

rW wans 

11 s/220 VMIS 
50160 H7. 

17-W i 6.W”H x 23-O 

J 

*Gi-Z2 . . .._.. . . .: 
i_ 

- . 

jl[c i-J 

OUlPUl 

Flow 

OM: Saecaale VoltaCe 
or Currem (ookonal) 

0.5 L/M wancard 
7 L/M (omonan 

- 
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- Therm0 Environmental 
YE instruments Inc. 

MODEL 42 

Chemiluminescence 
NO-NOz=NO, Anafyzer 

Model 42 
For Continuous 
Ambient Air 
Monitoring 
Thmno EnvimnmenW Inrmmaol’a Modal 
42 Chrmilumineernce HONOrNO. 
Analyzer is a ,,cend g,c..-a,ii ,,W,,lll 
instrument capable of mm- oxih of 
nhrcqen el levels from sub pm per billbo 
10 $I pane per mtllion. The Model 42 
UtiliZOl one tmtil diamelw I28mm) 
pholomultiol*r haw and 0~ metikn 
ehrmw wnkk arm timmult!-pkred for NO 
and NO, meeew-xmntl. l7m diiersncr 
beWee” the War, meas”reme”tS allow th, 
genrrrtbft of three cmlinucu* signal* of 
NO. NOa (NO,.NOl. and NO, 
Corncured to other tvps of chamidmi. 
“woencr maly2oN. OlP MC&l a2 ofbkn 
Ihe following rigntkaunl MnnngCr: 

Key Featwas 
l EPA APPROVED (RFNA.l22SO?y 
l MkwrcceSCOr cmwkd 

l IiXrCaSed aensitivtly 

* Faster rapflu Omo 

l Linear on l ll wvgea 
l Thormaliy stabiltisd flow IyIUm and 

l Lonp lifs/es)rly rcpUcssble NO, con. 

l Usw friendly dUgoOnl 
. Measuremenf rmg” (or NO, NOI. NO, 

i*wndently wuub1e 
l lime Setting selec..e from 10 to 

msac. 
* Inlemelfy moimud pump 
l Img’s.l +ampu 611W 

The mkfaomptiqr circvWy ugen whkh 
lb4 h4c.m 42 is bad. ellmhM0.s mmy 
dicadr9nuges infwml In MabJ syrqma 
and Drovrdes for inc-l~sd emblnfy. 
MNncy. ti flexibiNy. DigiW camp* 
bra are inunanivo 10 drift with tin* 01 
llmol?*lyre. moreion sowew cf inUw 
men, drill Q mar due 10 um r-“kg 
are mmimuad. 

Model 42 Specification8 

Rangn: 0-W’ mb. 100’ P@J. 200. ppb. 500’ ppb. 1. ppm. 
2 PPm. 5 PPm 10 ppm. 20 ppm (Indqpwdqntly 2 mm. 5 PHI 
SI selectable Ior No. NO,. NO.) - - 

Zero No&: Zero No&: n ‘Ic ..“I. qMS 0.25 ppb RMS 50 set rime cotwlnt W sac time ~dns.l*nt 
Lowe, ~(qc~~~,q f ;,A,. -‘--I#~ Lower DBreclabie Limit:-‘-0,s pob 50 tee time Fonstant . . ..__ 
zero om (24 Houn): zero om (24 Houn): 0.5 PPb 
Span Drift (24 Iioun): Span Drift (24 Iioun): flPb( flPb of F/S 
Rupow Time: Rupow Time: * 10 UC average * 10 UC average 44 r;; 4os.c 

l 60 WC svorsge l 60 tessvorsge WOU WOO.2 
‘-- --- ~“ev*ae ‘3w see *wege xy) w-0 360 I.0 

Pr.clricn: to3 PPb -- - Proclricn: +a.5 0 
Lined* t1* -. 

--_ Flow Rare: 0.7 L pm 
Opemcing Temperrtun:, 15~.35oC EPA APPROVED’ 

9 . 49% Safe Operating Temperawe 
Power Requirementa: 3oo~wan 115I229V . 

WlWHz 
PhysiCsI Dimenslonc 
Weight: ,- 
OulCuI (3% NO-NOnNO. 

. . . .- 
17” wide )I 8%’ hign I 23’ Qeep 
53 pxmds 
Sckctabb D!Omv. lOOk. Iv. 5. 10~ - . 
digitti display 

C2OMA iwlals+ (opwnat) 
l Cbnola EPA APPROVED P.ramr,rr, 
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As illustrated in the above diagram, sample qas OntOn the MoUei 42. flows lflrough the sample capillary and then 
ofther flows through the mode vaba (“NO” of “NO,“) and th* NO1 to NO Converter to tlw reaction ehrmbar. There 
the NO reacts with ozone to prcducs a sharactrristk chcmiluminoaeence. Reactrd gas is drawn from lhe reaction 
char&w through the internal pump. The pump exhaust is fed through a charcoal trap where any r&dual ozone is 
rem& and vented. 

The Mcdol 42 is 01 a single chambw. single photomultipller tuba design and l ulomatically cycle@ bet!#oen the NO 
and NO. me&s. Signals from the photomultiplier tul% are conditioned and then fed to Ihe micmprccessar whew a 
sophisticated rnathemalicaf algofilhm is utilized to calculate lhrw independent ouKpuU: NO. Not, and NO.. With this 
algorithm mow acarat@ NO/NO. muurments are pe%sible in varying NO/NO2 sampler. 

Options 

42-002 Rack Mounts 
42-003 Internal ZeroLSoan and Sam& Valves with bmotr Activation 
42-OQ6 Sample/Ozono’Ftomwtem - 
42-005 449 mA Cwtnt Cvtpui 
42-006 Pressurn Transduce? 
42-007 Ozone PaniCUlate fihf 
42-008 AS232 Intcdacb 
42-009 Permeation Orwf 

8 West Forge Parkway (506) 520-0430 FAX: (548) 529 7 460 
Franklin. HA 02038 Telex: 2CO205 THEM0 UR 



The WRC Gas Flow Monitoring W/em Is both a portable 
and permanent instrument for measuring gas flows 01 2 to 
loo (0:. 

The gas flow ayetem Includes an insitu senror, rlgnal con& 
tlonlnp module, pnaumrtlc transducer, zero pot, analog and 
digltal display, recordsr output, and built In rpan csllbrstlon 
module. The components are contalned wlthln an lndepcndent 
weather resistant houslng or lnoorporsted into Oxistlng 
csblnetry for Industry. 

The sdvsnlsges o( the EMRC gss flow monitor sre obvious 
lor Indurt~ requiring simplicity of operatlon and regulatory 
oompstsblllly. 

1 ._ 
The lnsltu sensor Is e rtsck or duct mounted heavy duty 
S-type pitU. Thlr pltot la manufactured of my desired 
materlsl to wllhstsnd corrosion, high temperatures, nnd 
Olher host118 condltlons. Plugging I8 svoidsd vis 
backpurging. II nsoeaaaty. 
Advantagea: Sensor replscamenl cost Is minimst. 

Melhodology Is EPA method 12. 
Only Iho sensory untt la mounted on the 
$tsck or duct, therefore mslntsnsnC4 IS 
minlmlzed st the stack. 

2 loostions. 
All Instruments1 qqulpmont Is located at oonvenlent 

, 
Adventages: Malniensnco I8 mlnlmtrsd. and Is oon- 

ducted under more Ideal condition& 
The 01s fl3w monitor can b-s looated wlth 
other gas monitoring equipment. 
Oper$or! and daily callbrstlon ta thus 
srmplirlea. 

3 The EMRC gss flow monitor csn be csllbrated dlreolly by 
butlt In EPA methadology (method #2). 
Advantag48: The sipnst output Is easily verified sgslnAt 

standard EPA #2 methods VII an OleCtriC 
b S +dh =LJ mlor~snometer. 

There Is no need to remove the monttor to 
s wln~ tunnel for callbrrtlon. 
The bull1 In callbrstlon capsblllty meeta 
EPA quality Iaaursnce stsndsrde. This 1s 
erpeclslly lmporlsnt If tha gss flour 
monllor Is lnlerfsctd vrlth s gsu concentrti 
tlon mof4tor. 

4 The rsmpls Condltlonlng module rllows for the deter- 
mlnatlon of gas flow st leas thsn 6 fps. 
Adrantagrl: Sourcea with a nigh level 91 Wa\LtVWWOn 

can be monitorsd wtth a mlnlmum of 
Intorfmnce. 
High oorroslon sourds cm be monltofed 
wlthout endsngcrfng the 8xDenalVO InWb 
ment psCk0gQ. 

electronIca. 

A variety of outputs can be selecfed. 

ENVIRONMENTAL 
MEASUREMENT 
RESEARCH CORP. 
1744 MULLOWNEY LN. 
BILLINGS, MT 59101 
,.nm hC-9 ,.en -. 



PHYSICAL SPmFIcmofus 
Size: Dependent on Specific requirements renglng from 2’H x 1 ‘D x 1’ W to any required 

dlmeneion(s). 
Wslght: Portable @ - 20 Ibs. 

Stationary @ - 100 Ibs. 
Power: 11% BOhz 

Operating 
Temperature: O.-l40 OF 

*Some units have Internal healers. 
Recorder outputs: OCIV standard, all others upon request. 

PERFORMANCE SPECIFICATIONS 
Sensltlvlty: - 2 fps 

Response Tlmo: N 1.2 seconds to 100% of flnal reading 
Llnrarlty: - + 2% of lull scale 

~ Rspeatsblllty: < 1% 
Zero Drift: - 2% of full scale 
Span Drift: - 2% of full scale 
Accuracy: - 2% ot lull scale 

HOW TO ORDER AN EMRC 
GAS FLOW MONITOR 

Portable 0 Stationary cl 

3as Flow Condltlons Antlclpated: fpm 

Sasfemperetures Anticipated: *F 

3as Density Anticipated: lb/moles 

Static Pressure Anticipated: “HQ W) 

Particulates 

Type of Process: 

Parttculate Loading: Qdadcf 

Duct or Stack DIemeter: ft. 

Desired Location of Instrument Package 

Distance from Stack or Duct: 

Inside or Outside Location: 

Heated or Unheated Locatlon: 

EMRC personnel are available to supply a 
stationary or portable unit and electronic 
Interfacing system so lhat mass flow 
requirements can be met on a consistent 
and verifiable basls. 

THE EMRC GAS FLOW 
MONITOR IS THE MOST 
RELIABLE SYSTEM AVAILABLI 

ENVIRONMENTAL 
MEASUREMENT 
RESEARCH CORP. 
1744 MULLOWNEY LN. 
BILLINGS, MT 59101 ..-_ --- -. 



APPENDIX D 

Enviroplan Certification Tests (Field Certifications and 
Factory System Test Documentation) 
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G?72L&&J/ I 
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COSTIXUOUS EMISSION MONITOR 
RELATIVE ACCURACY AUDIT 

Performed For 
ENVIROPLzG-4 

At The 
Dragon Products Company 
Scrubber Inlet and Outlet 

Thomaston, hlaine 
December 19 and 20, 1991 

INTRODUCTION 

MOSTXRDI-PLATT ASSOCIATES, INC. (MPA) was retained by Enviroplan to evaluate :he 
relative accuracy of :he continuous emission monitor system (CEMS) for sulfur dioxide and 
nitrogen oxide emission rate outputs expressed in ppm and lbsihr located on the Recovery Scrubber 
inlet and outlet stack of the Dragon Products Company in Thomaston, Maine on December 19 and 
20. 1991. 

This relative accuracy audit was performed by >lessrs. T. Llostardi, hi. Peterson, T. Kalisz and 
G. Trzupek of MPA. Mr. Steve Wallace of Dragon Products Company and 41r. Gary Yarber ,~i 
Enviropian provided assistance and coordinated plant operations during the test. 

RESULTS SUMMARY 

The test results from this program are tabulated on pages 7 through 16. The relative accLrac::s 
of the CEMS were as follows: 

Performance Actual 
CEMS Location Parameter Standard Perfoml3nce 

Scrubber Inlet SQ, ppm +20% Il.0~~ 
NO,, ppm ?20% 17.35 

Scrubber Outlet SO,, Ibs/hr *lo% 0.5% 
NO, lbsihr *lo% ll.-1S 

Note: SOI Ibs/hr performance is in terms of the applicable standard of 600 ibsjhr. 30 ‘7. -- 
performance is in terms of the applicable standard of 800 Ibs/hr. 

MP.4 ?m!ccL so. i33iI !.h,Udi.?llll ij%. * ” 



DISCUSSION OF RESULTS 

The test results from this program indicate the CEMS for SOI met the USEPA performance 
specification for relative accuracy as pubiished in the Federal Resister, Volume 48, No. 102, &iay 
25. 1983, 23608-23616. “The RA of the CEMS must be no greater than 10 percent of the mean 
value of the R%f test data in terms of the units of the emission standard.” Tie CEMS for NO did 
not meet the performance standard. 

The tests at the scrubber inlet consisted of ten sulfur dioxide Reference Method 6C sampiing runs. 
and ten NO, Reference Method 7E sampling runs, with simultaneous CO, determinations. Tne 
tests at the scrubber outlet consisted of ten suifur dioxide and nitrogen oxide Reference Me:hods 
6C and 7’5 sampling runs, with simultaneous CO, determinations. 

Source operation appeared normal and the process was operated at greater :han 50 percent of 
normal load during the test program. No problems were encountered with the testing apparatus. 
Volumetric flowrate for the CEMS at the inlet was not measured directly but was based on fan 
curves. 

PROCESS DESCRIPTION 

Dragon Products Company currently operates a wet process, coal fired Portland cement plant s.vi[h 
a rated production capacity of 57.6 tons clinker/hour. Limestone rock, obtained from quarries 
adjacent to the plant, passes through primary and secondary rock crushers and is !hen conveyed 
to storage silos. From here, the rock is conveyed, as needed, to the raw miil where it is ground 
with sand, iron ore, and water to make a slurry with a water content of 30%. The resulting slur! 
then becomes the raw feed to the cement kiln. 

In the kiln, the raw feed undergoes drying, preheating, calcining (decarbonation). and finall)i. 2 
series of chemicai reactions resulting in clinker formation. Fresh clinker exits the kiln at o’:e: 
23OO”F, and enters the clinker cooler where it is cooled by ambient air. 

Cooled clinker is sent either to interim storage or tinish grinding, where it is ground with gypStim 
to make cement. Finished cement is then conveyed to the packhouse for bagging or bulk loadou!. 
The cement kiln is quipped with an experimental recovery scrubber that ?1ses waste emissions 
(CO, and SOJ and waste heat to reclaim waste cement kiln dust. 

!.,PA ?lu,C<l INO. 13811 ~.,o,Ucdi.?!rii ,ATiil.,J e> 



TEST PROCEDURES 

~11 testing, sampling, analytical and calibration procedures used for this test program were 
performed as described in the Code of Federal Reeuiations, Title 40, Parr 60, Appendix ,A. 
Methods 2, 3, 1, 6C, and 7E and the latest revisions thereof. Where appiicable. :he m 
Assurance Handbook for Air Pollution Measurement Svstems, Volume III, StationaS/ Source 
Specific Methods. EPA 600/4-77-027b was used 10 determine the precise procedures. 

Nitrogen Oxide Determination 

Method 7E was used for determining nitrogen oxides (NQ) emissions from the stack or duct. A 
gas sample was continuously extracted from the gas stream through a heated sampling probe. A 
portion of the sample stream was conveyed via a sampling line to a gas analyzer for determination 
of NO, content. Prior to emissions sampling, the NO/NO, analyzer was zeroed and calibrated. 
High-level, mid-level, and zero gases were introduced into the NO, sampling system. 

The sample gas manifold was then adjusted for emissions sampling. In the course of the testing, 
the zeroes were checked and mid-level NO% gas was introduced into the sampling system to check 
calibration. A full caiibration using all levels of calibration gas was performed again ai:e: :he las: 
sample run. 

The chemiluminescent reaction of NO and 0, provides the basis for this instrument operation. 
Specifically: 

NO + 0, ---> NO, i 0, f h.. 

Light emission results when electronically excited NO? molecules revert to their ground state. 

To measure NO concentrations, the gas sample to be analyzed is blended with 0, in a reac:ion 
chamber. The resulting chemiluminescence is monitored ihrough an optical filter by a high- 
sensitivity photomultiplier positioned at one end of the chamber. The tiiteriphotomuitipiie: 
combination responds to light in a narrow-wavelength band unique to the above reaction (hence. 
no interference). T’ne output from rhe photomultiplier is linearly proport~ional io the NO 
concentration. 

To measure NO, concentrations (i.e., NO plus NO,), ihe sample gas flow is diverted through an 
NO,-to-NO converter. The chemiluminescent response in the reaction chamber to the convenea 
effluent is linearly proportional to the NO, concentration entering the converter. The instrument 
is operated in the NO, mode during all test and calibration. 

\,p* Pmjesl No, 1381 I 3 



Sulfur Dioxide Determination 

Method 6C was used to determine suifur dioxide emissions from the source. .A gas sample was 
continuousiy extracmd from the stream through a heated probe and gas conditioning system IO 

remove the moisture. h portion of the gas stream was conveyed to the gas analyzer for 
determination of SO, content. 

Prior :o sampling, the SOI analyzer was zeroed and calibrated with high-level, mid-level, and zero 
gases. Between each test run, a zero and mid-level calibration gas was introduced to check 
calibration. A full calibration using all levels of calibration gas is performed again after :he iast 
test run at each location. 

CO? Determination 

A carbon dioxide (CO:) was used to determine CO, concentrations in the stack gas in accordance 
with Method 3A, 4OCFR60. These instruments have nondispersive infrared based detectors and 
operate in a range of 025% CO,. ,A high and mid level calibration was performed using certified 
standard gases, and ambient air or non-CO, containing gas mixtures were used for the CO: zero. 

H,O Determination 

*An Alternative Method for Stack Gas Moisture Determination, written by John Stanley and Pe:e: 
Westlin, August 1978, Emission Measurement Branch, USEPA is utilized to de!e:mine H,O conte~.: 
of the exhaust gas. The sampling equipment is the same as specified for the motsmre 
approximation method in Reference Method 4 except for the addition of two impingers. ccc 
containing silica get. 

Approximately 15 mls of water is added to each of the first two impingers and the third :s :c? 
empty. An impinger containing approximately 15 grams of silica gel and a glass ;vooi Taci?.: 
outlet is attached following the third impinger. The entire impinger train, excluding the :me: XL 
outlet connectors, is weighed to the nearest 0.5 gram. The impingers are placed in an ice bat2 ‘,J 
maintain the sampled gas passed through the silica gel impinger outlet below 68oF in OrCe: ‘.: 
increase the accuracy of the sampled dry gas volume measurement. Each sample is ext:ac:c: 
through a stainless-steel probe at a constant sample rate of between one and four liters per T::‘J:* 
which is maintained during the course of the other simultaneous reference method sampiing. ~‘A: 
adequate volume is drawn to assure accuracy. A minimum of the equivalent to one 2-m :’ 
moisture must be collected to acquire that accuracy. After each run, a leak chock of the S&T-..::< 
train is performed at a vacuum greater than the sampling vacuum to determine if any 1eak.a;~ -2: 
occurred during sampling. Following the leak check, the impingers are removed from the ::c -A’- 
and allowed to warm. Any condensed moisture on the exterior was removed and the :;a:: 1 : 1 
reweighed. 



Volumetric Flowrate Determination 

In order to determine the emission rate on a lbsihr basis, the stack gas velocity and volumetric 
flowrate was determined using reference Method 2. 

Velocity pressures were determined by traversing the test location with an S-type pitot tube. 
Temperatures were measured using a K-type thermocouple with a calibrated digital LED 
temperature device. The moiecular weight and moisture content of the gases were determined to 
permit the calculation of the volumetric flowrate. Sampling points utilized were determined using 
>fethod 1, JOCFR60. 

QUALITY ASSURAKE PROCEDURES 

MPA recognizes the previously described reference methods to be very technique-oriented and 
attempts to minimize all factors which can increase error by implementing its Quality Assurance 
P:ogram into every segment of its testing activities. 

Shelf life of chemical reagents prepared at the IMPA laboratory or at the jobsite does not exceed 
those specified in the above mentioned methods: and, :hose reagents having a shelf life of one ‘week 
are prepared daily at the jobsite. When on-site analyses are required, ail reagent standardizations- 
are performed daily by the same person performing :he analysis. 

Dry :est me!ers and wet test meters are calibrated according ;o methods described in :he Qutiity 
Assurance Handbook, Sections 3.3.2., 3.4.2 and 3.5.2. Percent emor for the wet test ;r,e:e: 
according to the methods is less than the allowable error of 1.0 percent. The dry test ,mete:s 
measured the test sample volumes to within 2 percent at the flowrate and conditions encountered 
dunng sampling. 

Caiculations are performed by hand heid calculator and an explanation of !he nomenc!ature ZC 
calculations along with the complete test results are appended. Also to be appended are caiibra:icn 
data and copies of the raw field data sheets. 

Raw data is kept on file at the MPA offices in Bensenviile, Illinois. hll samples from :i-.e :?s: 
program will be retained for 60 days after the submittal of the report, after which they ~r;i ‘Ye 
discarded unless ,MPA is advised otherwise. 

Calibration gases are either Protocol 1 standard gases or certified standard gases which hake ‘5~n 
verified in accordance <with aitemative Number 2, Secrion 6.1.2 of Method 6C, 40CFR69 

LAPA Prow, wo, 138, I 5 Vor,,rdi-?!a!, ,,kx I :. 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

XIOSTARDI-PLATT ASSOCI.ATES, INC. would like to thank Mr. Steve Wailace and Mr. Garf 
Yarber for their assistance in completing this test program. 

Respectfuily submitted, 

MOSTARDI-PLAl-T XSSOCMTES, INC. 

n Jfi&& &“fl~, 
Thomas D. IMostardi, PE 
Project Supervisor 

TDMiabl 

MPA Pm,ec’ Na. 13111, 6 ,Mo.iami.?!*u ISi. 1 



-7.3 
MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACY DETER\IIXATION 

?ro+t: Drqon Producrs Company, Scrubber inlet 

Ou~iet Enviroph CEMS. Model 43. SIN ASMM-10147-114 

Date Time 

Reference Method Sample 

so, 
pem dry 

CEMS~ Output 

so, 
pem dry 

Difference 
(4 

!I 10 I 12/19/91 I 17151736 I 218.1 I 189 I 29. I !I 

i I1 12119i91 1756-1817 (235.T) 
I 

(19% 126.7) 
‘I 

~ .&tan Reference Method Value = 186.21 Ed; = j2.9 _ 
I 
: n=g LICK,, = 2.306 Standard Deviation (S,) = 21. L96 Ial = 5.38 

i 2.5 ?i Error confidence coefficient (one-tailed) = 16.29 ppm SO: Cd,’ = 3905.11 ~ 

: Wative Accuracv = Il.95 of mean reference method value 

Tests 9 and I I not inciuded in the calculations. 

LIPA Pm;e<, x0. I,*,, 

cc = $.m + 

Iu I la\ l iCCI 
x loo 

,n m 

~,O,i,rdi.P,I,! *is:i!el. : 7 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

.ACCLWCY DETEIL\ILYATION 

Project: Dragon Products Company, Scrubber Inlet 

Enviroplan CEMS. !Aodel 43, SM ASM-10147-114 

Reference tMethcd Samples CMS 
outpur 

-rest Volumetric 
RlUl so: so= Flowrate 50: SO: Difference ~ 
No. Date Time, pem dry lbsidscf dscfm Ibsk lbsitr (4 ~ 

I i2fi9191 08376858 135.2 2.73x10“ 122.516 I66 IS0 -i6 

2 12119/91 09170338 154.5 2.57xlU 122.816 189 I60 I -29 _ 

3 12/19/91 1142-1203 192.9 3.21x10-’ 122.316 236 222 -14 I 

4 12/19/91 1225-1246 206.2 3.43x10’ 122.478 252 i 

5 12119191 1318-1339 150.3 2.50x10’ 122.478 I84 , 

:$I I I”” 

10 

6 12119191 1401-1422 240.07 4.cQx.LU’ iii ,330 293 :12 -81 

7 1 12/19/91 I 1456-1517 I 160.7 t 2.67xlo.j iZI.S30 195 156 -j9 i 

s 12/19/91 I 1542.1603 217.3 3.61x10-’ 1 12l.330 264 ! 217 ! -L7 ‘/ 

9 12119191 1624-1645 267.3 4.45x10“ 121.830 (32.5) 217 (-108) 

IO 12/19/91 1715-1736 267.7 3.19XlW 121.930 233 199 -34 

II 12119191 1756-1817 191.72 .- 121,830 .- 210 - 

Mean Reference Method Value = 223.6 Xd: = -338 

n=9 b,n, = 2.306 Standard Deviation (S,) = 24.42 :ai = 37.56 

2.5 5 Error confidence coefficient (one-takl) = 18.77 Ibs SOihr :d;’ = 17464 

Relative Accuracy = 25.2% of mean reference method value I 

Tests 9 and I I not used in ulculatians. 

a- 
i$ 

MPA Prnj<C! NO. ,381, 

i I 

t 
n 

-g 41 -q 

n - I 

cc - on, 2 iai + !KO 
,fi RA-m 

x 100 

s .,O.Udi.P,I,, AUa’liCl~ ,:i 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

.ACCURACY DETER\ILVATION 

Project: Dragon Prcductz Company, Scrubber Met 

Met - Enviroplan CEMS, .Mcdel 42, S/N 42-27859-230 

’ Reference Method Sampler CEMS Output 

Test 
; 

/ FE 
Na,, wx NO, Zfference ~ 

Date TiitlC em%- BW ppm wet ppm wet (dJ 1 

! I 12/19191 1 0837-0858 544.9 24.2 413.0 462 49 

II 2 1 12119191 / 0917-0938 1 527.9 / 24.2 t 400 / 489 1 -89 :/ 

Mean Zeference Method Value = 413.9 

~ n=9 b.n, = 2.306 Standard Deviation (S,) = 18.38 

~ 2.5 % Error confidence coefficient (one-tailed) = 14.13 ppmiN0, 

Pd: = -515 
I 

,dl = 57.22 

rd.: = 32!7j 

i Relative Accuracy = 17.24% of mean reference method value 

Tests 3 and 8 not included in calculations. 

cc = b7, + RA= 
!di . ICC: t ‘. : 

vn m 

9 ‘.(~,umi-?!ri, 4,;~. I ” 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACY DETER~CIXATION 

Project: Dragon Products Company, Scrubber Lniet 

Enviroplan CE.MS. Model 42. S/N 42-27859-230 

Time 

Reference Method Samples CEMS Output 

VOiUllleltiC 
NO, NO, FIo!Mak? NO, NO Difference 

wm dry lbsidscf dscfin Ibsihr Ibs/hr Cd:) i 

0837.0858 544.9 4.24~10“ 122.316 312 196 :6 

0917-0938 I 527.9 4.11x10” 122.816 303 313 -10 

1142-1203 1 442.6 / 3.45~10” / 122.816 1 1254) / 324 1 i-70) / 

1275-1246 I 568.0 I 4.42~10” I 122.478 I 325 I 327 I -2 :I 

1318-1339 1 564.5 1 4.39x10” j 122.478 1 323 / 305 ! ‘8 

1401-1422 I 515.0 4.01x10” 121.330 293 294 -I 

~/ 

1456-1517 631.9 / a,92xl@ 121.330 360 :.33 / 27 j 

1542.1603 472.2 3.68~10” 121.830 (269) 195 i (-161 i’ 

1624-1645 490 3.81x1@’ 121.330 278 191 -17 I 

LilS-I716 546 4.25x1@’ 121.530 311 113 ‘; 

175-6-1817 527 4. IOXIO-’ 121.830 300 291 9 I 

Mean Reference Method Value = 311.7 xii> = 38 

~ n=9 b,m, = 2.106 Slandard Deviation (S,) = 14.26 

i 2.5 c$ Error ;onfidence coefficient (one-tailed) = 10.96 Ibs NO&r 

~ Relative Accuracy = 4.87% of mea reference method value 

;JI = 4.22 1 

“,d.Z = I788 

Tests 3 and 8 not included in calculations. 

d=;$ % = 

MPA Tm,ect NO. :3*1/ 

2 ‘* m 

-$ 42 -q I 11 

” - I 
cc = $,,.’ I ic * ICC; ~ :c*) 

) 6 RA.L-J.sf 

IO !.(crordi-?!a,, \liX I C( 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACY DETERWXATION 

Project: Dragon Products. Scrubber Inlet 

Volumetric Flowale of CEMS from fan cuwcs. 

Standard Deviahx~ (S,) = 1890 141 = 20.:27 

Zd:: = 3.s9xl’;’ 

Tests I and 2 not included in ulculntionr. 

cc = $~W, $ u= [iI + iCC! X,.’ 
i ‘, n Rx 

MP* ?rojesl No. 13811 I1 !lf*rurdi-?!au is+. 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

Project: Dragon Prcducts Company, Scrubber Cvtlet 

Outlet Enviropian CEMS. Mcdel 43, SfN AS&M-10153-114 

i ’ 12ltai91 i807-1828 5.0 ! 
I -i.i3 

I 9 U/20/9! 1844-1905 (4.0) i k11.0) 

10 12/20/g I 1916-1937 4.0 a 4.0 
I 

II 1212019 I 2cc.a202 I 6.0 9 / -j.O 

! 
I Y~tcan Reference Method Value = 10.4 11 ‘Zd., = -j9.3 

; n=9 b,g,, = 2.306 Standard Dewation (SJ = 3.74 idl = 1.267 

2.5 5 Error contidencc coefficient (one-tailed) = 2.875 ppm SO, Cd,: = 283.51 

/ Relative Accuracy = 69.6% of mean reference me:hcd value 

Tests 5 and 9 not included in the calculations. 

a=;$ 54 = 

MPh Pmjcs, No. 131111 

2 ‘M n 

g 4* q l 11 

n-1 I cc = b7J 2 
RA = ;a1 &cc: ~ ;cl) 

12 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACY DETERAWATION 

Pro;ect: Dragon Produck Company, Scrubber Outlet 

Enviroplan CEMS. Model 43. ski AS&t-10153-114 

Mean Reference Method Value = Il.52 

n=9 L. n, = 2.306 Standard Deviation (SJ = 3.27 

2.5 % Error confidence coefficient (one&led) = 2.5 I Ibs SO,/hr 

Relative Accuracy = 0.47% of the applicable standard of 600 ibs/hr 

Zd; = 1.7 

IAl = 0.30 

Cd,! = 36.Jl 

Tests 5 and 9 not included in calculation. 

a=;$ 5, * 

!.,?A Pm!rct NO. 13*,1 

!. I 

* ” , 
$ 4’ -g ia l ice; ~ ‘c<) 

n-l 
cc = $,P,, -L 

fi RA= m ’ 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACY DETERXIXATION 

Project: Dragon Prcducu Company, Scrubber Outlet 

Outlet - Enviropian CEMS, Mcdel 42, S,‘N 42-27835-230 

Test 
i Run 

No. 

I 1 

/ 2 

Reference Method Samplea CEMS Output 

Nla, Na, Wt Difference 
Dale Times ppmdry Bvm ppm wet ppm wet Cd.) 

12/20/9 I 1222-1243 487.3 20 390 328 62 

12/20/91 1300-1321 542 20 (434) (355) (791 

\ 3 1212Ol9 I 1337-1358 517 20 414 352 62 

* I 4 12/20/9 I 1414-1435 631.5 20 505 452 I 53 

iI 5 I 12120191 I 1505-1526 1 5a6 I 1 469 I 20 424 I 45 
iI 6 t 12/20/91 I 1543-1604 1 434 I 1 347 1 291 I 56 20 

7 1212Ol9 I 1621-1644 566 20 453 385 68 
, 
/ 3 12120/91 1807-1828 562 20 (450) (345) (105) 

! 9 1212019 I 1844-1905 431 20 345 368 -23 

I 10 12/20/9 I 1916-1937 528 20 422 457 -js 

II 1212019 I :cal-2021 482 20 386 398 -iO 

Mean Reference Method Value = 414.6 Cd: = 2;s 

-! 

n=9 &, = 2.306 Standard Deviation (S,) = 4 I. 15 

~ 2.5 % Error confidence coefficient (one-tailed) = 31.63 ppm NO, 

~ Relative Accuracy =_ 15.08 of mean reference method value 

iii = 30.9 ! 

Zd;= = 22,136 ~ 

Tests 2 and 8 not included in calculations. 

a. ;I$ =t- 

MPA Prnjcct ,vio. 1381 I 

* ‘) 1 

$ 4: -g r I’ 

” - I cc = h.371 9 
n 

RA j Ial ACC! ~ ::,) 

Ii 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCLRACY DETER\il?iATIOS 

?roject: Dragon i’rcducls Company. Scrub&r Clutlr! 

Enviroplan CEMS. ,Ltw.iei 42, SiN 42-27835-230 

Mean Reference >iethcd Value = 164 

Standard Deviation (S,) = 3 I.46 

Tests 2 and 8 not included in uicuiations. 

I I !‘ 
f: 4’ -e I 1 

a= ; g sa = j-’ cc = 5~97, 4 RA- iai l icci ~ :“> 

n-l 
“n 

7Et 

MPA ProjW NO. ,381 I 15 L.,cj,,*idi-P!.i! AI+3 I c. - 



MOSTARDI-PLATT 
ASSOCIATES, INC. 

ACCURACYDETX‘EIL\WATION 

Project: Dragon Products Company, Scrubber Outlet 

Outlet CEMS. Sick Optic Ultrasonic Velocity Monitor Model VMA.22. SIN 9028-8058 

Standard Deviation (5,) = 7494 

Tests 4 and 9 not included in calculations 

I ‘A I 

a- ;$ 
$ 42 -g I I 

%’ n - I cc = $,en 2L 
6 

RA - Ial ice: ~ ,,:,; 

MPA Project No. 1381 I 16 c(orurdi-71~lh AU. * f' 
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‘? ENVIROPLAN 
‘ij 

Ref. No. 43-7021-114 
October 17, 1990 

Mr. Steven Wallace 
Dragon Products Co. 
P.O. BOX 191 
Thomaston, ME 04861 

Re: Dragon Co. 
CEMEX System.Test Documentation 

Dear Mr. Wallace: 

Enclosed please find three copies of the CEMEX System Test 
Documentation. I understand you did not receive these with your 
system manuals. We regret any inconvenience this has caused. 

If you have any questions regarding this documentation, or if I 
can be of further assistance, please do not hesitate to call me. 

Sincerely, 

ENVIROPLAN, INC. 

G&w 
Cynthia Magno 
Administrative Assistant 
CEM Products and Services 

Enc. 

3 BECKER FARM ROAD . ROSELAND, N.J. 0,068 , 201.994-2300 n FAX: 201-994-5100 
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r\ ENVIROPLAN 
CALIBRZTION ERROR TEST PROCEDURE3 L 

The Calibration Error test is conducted on the completely assembled continuous 
emission monitoring system. Fill out completely the following information: 

Probe # ti SN Orifice sire &I Client: D,,.,, 
Probe # - SN- Orifice size 
Probe # - 5x- Orifice size - Job No: 
Probe # - SNP Orifice size 

Analyzers 2 Ranqe Zero pot Span pot 

go< ~54++/53'1~ oL.7 i.6-fro 4,% %I% 

b/e< qz’27$,%.~?d o- I 5 0 -ta* i&d+dV.Z ,I;rr. 1,131 . 

Umbilical Lengths #l 82 83 #4 

Probe lenghts 81 1' 42 83 84 

Inlet air setting: IV P psi 

Dilution air settings: #l 79,&r; 82 J3 #4 

Vacuum air settings: 41 71. 3,,% 82 R3 #4 

Dilution air alarms: %l ,#& 82 #3 #a 2% 

Vacuum air alarms: #l I2 83 #l 

Rotometers settings: purge #l purge t2 

Cal #I / L Cal P2 Cal13 ca1#4 

56 MAIN STREET . WESTORANGE. N.,.07052 n 201.325.1544 S TWX: 510-100~5164 



z,-, ,,l 1 ,-,-, 7, - I . 3.n - i=‘Te.: 

:olibrati.an Errcr Tes:: C’Jstcnn2r fl ----r439’1 1: us+,-.-. 

te L-b-90 Fersm Conducting 
.& * 

2na;y2er S;J$!2-27~35-~, 

Irifica Size Approx ijil. Eati= zb : I 70~ / Si:utad Sam. F1=iy !?a:+ 

alyzer fhnge b - / DDfl I, system F;a.ngc d-lcp o&Y* 

~'siat Air (Psi) 1, 4, 3ilutisn Air (FSij 99 a; VZcUUl (IiG" ) 2/.33:,kj 

lid Cyiindsr- tas~'SN AL~ns7 i 3 , 3 UC< High C,ylind+r Gas/S:4 &m&q / ,o~,z NCy~ 

Ssan Pot 
&l.ndc ti,.r : I. 00 I 

Pkasursd Piffarence 
An # Cylinder Gas :ppm/%) % FS AC tua1 (Known-Actcal) 

3-z -, pn* 
7 

0 .D *d,uT // 
/oz. 7 Pam 3/ k /OZ~OAYA 

I I, 
0.2 I?)&., 

I /I 

2.2 “PM n.a~om : fir3 -“.l 

/ cJ.badA I / 
! /oz.2 D@rn 

1 ' 
I, 

0. ? r7dm.l 

Mean Difference 

l?lid High 

-- 0.t 

Cunfidencr Interval Od t! 0 

Calibration Errsr -5-7 TL . I 9 c-e 



> 
1 ibr;i-,ion E.Cr0.C ;eji'&s"amer a,,, 

-,-+tf - .- 0 ;'srson. ConductinS Tsst 

.: ificc Size ip'prox Dil. 20 m/ Ratio 250 .'/ LLlut-d Sam. ;:ow sai;a 

ni1yzer Ranqc O-*.Tonm 
, Syst+m Rar$E 0 '/doprn 

[.,iet AiT (Psi; N.A. Dilutian Air <FSil 99~0,; Vacuum (Ht" ) 2/. 3i;r/j, 

A Cylinder Sas.,'Si4 OGS,~S:J 2’7,7qp/ ALM&w+~ High Cylinder 

%I-0 Pot 9.Cb SFZn r"Ot S./F?' 

MEasured Di:fermco 
Kun * Cylinder Gas (ppm/%) % FS GC tua I (Known-Actu~;: ; 

.n'/.5 Pnm . /, m&l 0 
? 

/I 

27.?z#m 

; 0.0 dB/T 
I ' 

T-/, r mm' 

I 2g.o 2yflfln 0.24 

c / 1 
27.72 Dfl.., , 

I 2 ! 37, 5- #02.3 I fii..5 2 I/, < ““* Of0 I // 
27,z? 9/e n ZYonm 0~24 

I 
0.0 ;: 0.0 

I' 
; CJ, 0 

0. 2% 

I 0.0% 
t 
I O.oflffi-9 0. b 

II 

Mid High 

lein Diffsrencs 7% La 

:sniidencs Inttirval 
. 

m Gf 

diibrition Error 1 to/ 0 
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CALIBRATION ERROR TEST PROCEDURES c ENv’RoPLAN 
The Calibration Error test is conducted on the completely assembled continuous 
emission monitoring system. Fill out completely the following information: 

Probe # - =-- Orifice size & 
Probe # - SN- Orifice size 
Probe t - SN- Orifice size 
Probe # - SN- Orifice sire 

Analyzers x Ranqe 

Y '. 
?z -&Co LLY psml0Icf7-fi4 0-5-O-lO~ 

-ran Lea +97s* -23c O-10 zo-Lz+ 

. 

Zero pot 

7 I ,cL 

Np. 

Client:BeK,ad 2 rfQk 
Job No: 5l3-702~-,/& 

Span pot 

+s 

Umbilical Lengths tl #2 #3 7% 

Probe lenghts It1 #2 83 84 

Inlet air setting: mdsi 

Dilution air settings: #l 4q.t #2 #3 81 

Vacuum air settings: #l-23.1 R2 43 #4 

Dilution air alarms: #l 82 #3 #4 

Vacuum air alarms: #I R2 83 #4 

Rotometers settings: purge #1 5.0 purge 92 

cd #1 " O Cal 12 csl#3 cal#L 

53 MAIN STREET . WEST OWNGE. N.J.07052 , 201-325.1544,. nvx: 510.;00-5164 



E -I- 
/- 

r, v L r 0 0 : z, 7: 3 2 ,n s. : : 

:b+libratiOn ETl-Or Test’CJskO~llS?- bae,,J 

te -I L-90 Ferson Conduc.tin? T+s:LaL kfidly:Er Si>i 42-a-f6+743c 

'-ifice si=s a7 AI Appro:; Zi:. Ratio ara; \ 'lilutzd Sam. Flew Z.te 

404a1yzer zange - 
L b 

System Siange 0 -anna 
1 I 

let Air (PSI') 1% Dilution Gir- iFSi) 49-L Vaeuu,m (HG" ) - J 3 .z 

lid C,ylinder Gas;Si&?!M017~41 I' 34B.e High Cylinder G+~/S:JAL!AO)Z~~).! Is=./ 

-0 Fot id& Span Pot YA 

Pleasured Difference 
Ii-l * Cylinder Gas :ppm/%) % FS. r?ctua1 (t:.hoLm-~?ctL:_‘! ) 

1 
\sf?5-. ( 7Li:1 j rrpf.0, ,/.f , 

ii 

RQ . 

3: 

20.0 400.0 1 ! i1.t 

0.0 , 0.0 0.0 

4 
I 

t?Pr. \ 79.0 ISzgO.0 / - F< I 
1 

398.0 W.0 L(m.0, $ f,Z 

h I 
, 

0 0.0 0.3 j 0.0 

\csco \ 1 79.0 1 r5’Bo.o ~j -s-. f 
I 

MB. 91 20.0 ’ qoo.0 j f f-t 

7 I 0 i 0.3 n. 0 0.3 / 
!Tm-. \ 79. $3 197c9 - 9: I 

398.8 23.0 0 

i 0 0.0 j :<q 

+ 1. z 

0.0 

Ice?‘ 1 ) 7$,-a \%7G ; -9.t 

4 358.8 20-0 400 ! 4. 1. L 

0 0.0 0.0 , 0.0 

Mid High ._ 

Wear, Differer;ce -la= -S.VL 

Canfidencz Inter~a! 

CaiibratiOn Error 

0.0 s’. re 

0, b7 



-o- - -G 
E,n vi r 9 0 ; s,-: 3 2 $7,~ : 

Cal lbratlo" Error Test cL;stomar lla=&aa 

_ .ts 6 - 13 - 90 F'crson Csnducting Tas:;r- CAL I?na;.r'~c-r si4 -T&y lOIU'I-i/d 

rific2 Size Approx 3il. Ratio 270: \ 27 k\ fi:utsd Sam. Flsw fiat+ 

&,,alyzer 3;wnqe c3 -< = o- n Systm fiange 0 -IQ 

12% &if- (Psi) 100 pr Dilution fii?- (PSI) q-2 'Jzcuclm (HG") IO.0 

'lid Cylinder- Gas., a\i ,v..Alh o,lqq I,' 196.l pp" _ 
p2.0 

Hrah Cylindsr GsP:S:~ /w 

_ FO F'oc 467 Span Pot 7 I 7, 

Pleasured L?iffsrsncr 
un if Cylinder Gas :ppm/%i % FS Actual (Known-AetL:il) 

7c12.0 ! 79.‘2 0.0 , 
( ! 75550 
I rq6.r ao ‘.O 3.9 I 
I, 0.0 0 0.0 1 c. 3 

4 792-o 7H.G7 786.0 ! - c .o 
i 

I’c16. 4 r4.q j rq9.0 ! 2.4 

5 i 
/ 

0.0 1 o.~ / 
/ 

0.0 0. 3 

7 \ 1 I 
0.0 0.0 0.0 0.0 

, 
742.3 7 82 782-D / - IO,0 

146, /. 
/ 

149 / 199.3 2 .9 
,- 0.3 / 0.0 

I 
792 .o I 78:t 

4 i9.q I VI.0 j 3.. 

0.0 j 0.0 1 0.0 

Ms&n Diffsrence 

Mid Hiqh 

3.\ -c/-t 

Caniidsncr Inlrsrval 
. 

0.5-b 5.07 

Calibr*tion Error 1.8G I ,-i5- 
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APPENDIX E 

CEM Calibration Gas Certifications 



AIRCO 559926 
Airco Special Gases 
Union Landing B River Roads 
P.O. Drawer No. 271 

;/) 0% 7-s:; “, B c2- 
Rivenon ” 
New Jersey 08077 
Telephoner: Marketing: 609-829-7878 

Prod. & Admin.: 609-829-7911 
lnternarmnal: 609-029-7917 

CERTIFICATE OF ANALYSIS - EPA PROTOCOL GAS MIX 

CUSTOMER: ~~BSG - 024 Acton MA 
CYLINDER if: cc-,77& CERTIFICATION DATE: 6-7-91 -.,---.m --._ CYLINDER PRESSUREZ~O psie !AAYlKA’I’lON DATE: 12-2-93 (6 nonths) 
LABORATORY: Riverron x.7 REFERENCE a: 32280 

MIXTURE ACTUAL MIXTURE AIRCO INTERMEDIATE STANDARD 
COMPONENTS CONCENTRATION CYLINDER # CONC. NIST SW: j 

s,,, furnfoxidp 45.8 opm CC-72396 50.4 ppm 1693A 

. YldP 499 porn CC-13164 512 ppm 16868 I 
‘BALAlICE GAS:mpPn 

COMPONENT 1 GAS ANALYSIS PROCEDURE 
MAKE/MODEL/SER#: 

~0"s.~ l"frare,j 
R‘h’, OlnlqRh 

LAST MULTIPOINT ION bATE: 6-,-q? 

COMPONENT 2 GAS ANALYSIS PROCEDURE e 
14AKE/MODEL/SER$:m 957 m nn?nL 
LAST MULTIPOINT C+IBR&TION bATE: 6 , 

Z=ZERO G-AS 
93 

R=REFERENCE STANDARD S=SAMPLE GAS 

- 

1ST COMPONENT ~,,lf,,r n<oyiAQ 
1ST ANALYSIS:, DATE 5s.76-q~ 
1) 2-n RL 

ANALYST- 
S ‘~7" CON&) 45.8 ppm 

2) Rw ZLCLOV-Y S 4970 CONC (2) 45.8 ppm 
3) Re S ~97n Z “OO” CONC (3) 45.8 opm 

z4V.K CONC Li !a nnm 

1) Z.-&f 

T>." yy," 
2ND ANALYSIS: DATE 6-7-Q~ ANALYST A. L- 

R- SL 
2lR5Lqn - Z-nano 

CONC (1) 45.8 opm 
SL CONC (2) 45.8 ppm 

3) R q~~n Zoo00 S bqsn CONC (3) 45.8 ppm 
AVE.CONC 45.8 ppm 

2ND COMPONENT ~,p,-,p "u,rle 
1ST ANALYSIS: .DATE 'i-,&q7 ANALYST& Lattanze 
1) Znnnn R__IP~(L__ 

SL Z nnm-~ CONC (3) 
AVE CONC ‘Q.9 nnm 

2ND ANALYSIS: DATE h-2-91 ANALYST A\. w 
1) z_MDo R 7q+J - s ‘18‘” CONC (1) 498 ppm 

2) RL Znnn~ ;+ 
3) R 7q=,n S7~411 

AVE CONC 498 o"m 
THIS CALIBRATION STANDARD HAS BEEN CERTIFIED VERSUS EPA TRACEABILITY 
PROTOCOL NO. 1, PROCEDURE Gl, AND ANALYSES PERFORMED PER SECTION 3.0.:. 
CERTIFIED CONCENTRATION: N,rri,. nui,i,, s IQQ nnm $,,,fur ",.c,y,de = a?gn,.r vi -? ....-se= 

smd 
la 
BQRATORY MANAGER ‘. 



Recertification Airco Special Gases 
union Landing & River Roads 
P.O. Drawer No. 271 
Rivenon 
NewJersey 
Telephoner: Marketing; 609.829-7878 

Prod. & Admin.: 609.819.7914 
Inrernationai: 609.m-i917 

CERTIFICATE OF ANALYSIS - EPA PROTOCOL GAS MIX 

CUSTOMER: AIG.Acton 
CYLINDER ?: cc-17379 
CYLINDER PRESSURE: 1200 usiq 
LABORATORY: Riverton. ?IJ 

CERTIFICATION DATE: 4123192 
EXPIPATION DATE: rl),73,yj 
REFERENCE :: - 

COMPONENTS 
ACTUAL MIXTURE AIRCO INTERMEDIATE STANDARD 
CONCENTRATION CYLINDER # CONC. EIIST SP:.ri 

Sulfur Dioxide 50.4 ppm 

Nitric Oxide 181 ppm 
BALANCE GAS: Nitrogen 

cc-13993 50.4 ppm 1693A 

CC-16437 242 ppm 16858 ! 
COMPONENT 1 GAS ANALYSIS PROCEDURE Yon-Dispersive Infrared 
iJAXE/EIODEL/SER~: Beckman. 565, 0103956 
L&ST WLTIPOINT CALIBRATION DATE: 4/l/92 

COMPONENT 2 GAS ANALYSIS PROCEDURE Chemiluminescence 
MAKE/MODEL/SER+: Beckman, 952, 0100204 
LAST MULTIPOINT CALIBPATION DATE: 411192 
R=REFERENCE STANDARD Z=ZERO GAS S=SAMPLE GAS 

1ST COMPONENT Sulf 
1ST ANALYSIS: DATE 
2.) z r)ooo c 
:; c----G&- 

21 
1) 
21 
3) 

ur Dioxide 
4/22/92 ANALYST A. Lattanze 

6940 S 6900 CONC (1) 50.1 porn 
Z 0000 S 6910 

K 6880 - s 
.,CONC (2) 50.6 pyn 

6900 z 0000 CONC (3) 50.5 ppn 
AVE CONC 50.4 pm 

1D ANALYSIS: DATE ANALYST 
Z R S CONC (-1) 
R Z S CONC (2) 
R S Z CONC (3) 

AVE CONC - 

2ND COMPONENT Nitric Oxide 
1ST ANALYSIS: DATE 4122192 ANALYST A. LattanZe 
1) z 0001 n ocer. F c,.,n _ CONC (1) 182 PW 
?! :- 

CONC (2) 181 rw nr,r nn.7,. ,', 181 porn 

n 030” 
s” 

“‘tL” 
Z 0000 6420 

-'! fi 6303 S 6420 Z 0000 CU‘YL ,-', ---~ /L 
'F C"NC 181 npm AV- __.._ -_- ~~ 

2EIi) ANALYSIS: DATE ANALYST 
1) z R S CONC (1) - 
2) R 2 S CONC (2) 
3) R S Z CONC (3) 

AVE CONC 
THIS CALIBRATION STANDARD HAS BEEEI CERTIFIED VERSUS EPA TRACEABILITY 
PROTOCOL NO. 1, PROCEDURE GI, AND ANALYSES PERFOREIED PER SECTION 3.0.:. 
CERTIFIED CONCENTRATION: Recertification Values Nitric Oxide = lSlPDn;- 

3 Sulfur Dioxide = 50.4 ppm; Nitrogen = Balance 
APPROVED BY ,,G. uv cc 

A member 0, The sdc d&3 QRAToRY MANAGER 5, I 



33:40 PAM “AAIRCO AC-i-ON MA PO2 
oe. 20. 83 

--- 

AIRCO Special Gases i, , 
A” es.wMu WI * Th BOC Gws.. I”<. 

.$ Unld Landing 6 River Roada 
p.0. Drewer No. 272 
Riven00 
New Jersey 08077 
Telc?l>hwr,~ Mzrk,+rq GO!l~fl2!1.7!1'/8 

r'il,l, ,T h<,,,,S4< I r!s, !(:"I 'I', I ,I 
,,,,, !,,!,t,,l:,!,ll ,,/I'> ,i:~c ,'!,I ; 

CERTIFICATLUN OF ANALYSIS' --_---__-..---.----^__ 
CUSTOHEK AIC.Actcm REFtiRENCE so. 04519 ._.--__-- ---_ _- _--___ _ ___ _ 
Dh':'i< B/12/90 i:XI'. , I)A':I: 2/i%lW 

C Y L i N 1) ii Ii i: ,\ I, ,\ :: c: I: 
CI'i.iS:)l.!< ~(1. CC-l?:579 --..--_ -... i' K 1: s s L' R I: .-. . . _ _, ,_ 2000 psi [J . ,_ ..__--_.. ~.,? ,.. GAS N% 

KEFERENCI: S’I’ASDARI) -.---.-.---_-_. 

SR?v SU .-!6868 CYLINDER NO. FF-14A CONCENTRATION 214 XXII -.-_-__ - - --._.__-_ .--__-.. 
470 ?pm NO/N2 @us --.- m/x2 --- ---____ 

INSTRUMENT 

4YAKE EkClaMn HOD&L 952 SERIAL NO. 0100204 

PRINCIPLE Cndltinescence 

COMPONENT m 

LAST MULTIPOINT CALIBRATION DATE. 6/l/90 

ANALYSTi 
3hTE a/7/90 ZERO GAS STD SAMPLE 

I I I 
TRiAL 1 0000 10011 8420 

TRIAL 2 COOL Loo09 8466 _ 

TRIAL 3 0000 10015 8517 -m- 
DATE a/12/90 ZZRO GAS STD SA?IPLE 

TRIAL 1 ooo1 9923 a439 

iRIAL 2 COO2 9959 a470 . 

TRIAL 3 OOOO 9968 a477 

FIRST ASALYSiS CONCENTRATION 181 opn 
ZAN CONCENTRATION 

SECOND ANALYSIS COSCENTRATION 182 ';R- 

RI\ClTA31.i: To Sq!j 

182 ppn CHRONOLOGY 2112192 -.-~ 
?T:K EPA ?KOT@CTj!. - REV. .>:I?!F. 9, 19Fi-T 

i’ ;. :: jiJ j( $1 i: ;) I,(. ., L,. !‘.:“‘Xl 1 :;I; ,‘/I s,:(:‘,‘, fly ), /, ,# 



oe 

I 

Uliion Litr,Gitl(i S. IiivCI ii<.t.CL 

P.O. Drawer No. 272 
Rlvetlon 
i-!/L Jersey 080’17 
telephone: MarksllnQ: 808~829.7878~ 

Prod. & Admln.: 809-829-7914 
Internallonal: 609-829-7917 

Customer: 
Test No: 

AIG.Acton 

Cyl. No: 
04519 

Standard : 
cc-17379 
?l/rPrxll m/N% 

STD SMI’LE -- -___- 
1001.1 WIJ 
10009 8466 
i0015 8517 

1: A,. (::11,A’1’:.~l!::i 

SAMPLE: CC- 17379 

a620 
L-m-r 

8466 
-Imm 

8517 

‘?: 214 ppm 

x 214 Ppn 

x m ppn 

STD = la1 ppil ii0 

STD = 182 0m rn 
AVG = 181 pp !UNZ 

DATE: 8/12/90 SAMPLE : 
JNSTRUMENT: Beth .’ 

cc-17379 

STD SAMPLh 8439 x 214 ppm ,STD - 
-Tm- 

182 Pam !n 
9923 ‘SW9 . 

. 

9959 a470 ’ . 
993 , a477 . 

8470 x 214 ppm 
9959 . 

STD - 182 p;~n :;o 

x 214 ppn STD .P 
AVG - la2 ppn :E/s:: 

. ’ . . 

Overall AVG 

6y L-2 G%?n 

I 1a2& tmm2’ 

c4/ 
/I, 

A(i!horkcd Signar:,re 



0 6. zee. 30 

)r...- i-%l,\L” 

03: 40 FJ hl. -AIRGO AC-r-ON MA ? 0 4 

I 

MO banding & Rlvsr Rosds 
p.0, rawer No. 272 
Rlvrr~on 
New Jersey 08077 
if%nhone: Msrketi~Q: 609429.7678 

Prowl. d Aclmin: G09.029~791n 
il~fl.r,l:ll;rill:,l, r:"!l.ri~~.'r'l, ', 

Ci:lUI I I:i(:ii'YlilN 0) _._.. ,.__ ,.., _ ..,.._,.. _ ..!'~:;~".ys 1s _. _. . 

CUSTONER AIG.Actcm A--. REFERENCE NO .>519 
DATE .--BLgpO ..~.. . . -_ IiXP. DATE _ . . 2AWL. _____. _ 

C:ll,'l NIli:!<. 
I:Yl.ISl~i:!i \:I). 

iL~l.AiiCi. 
cc-1~ 137Y -- --..., .__.. ., I ' s I.: s s i: Ii I: 2000 y;jg> (i A 5 X! ._, ..--_ ~__ _, 

11 I: I' E k i: N C !: S 1' A NII A H II -.-_.---._- --.- 
sx."l NO. 1bYIIA ..--_-___-_,_ _ CYLINDER N0.-bT-'&bgr) -.- CONCI;N~'HATIUN 94.3 _ 

----_ -- 

ISSTRU:tENT 

&MAKE IXlPont HODEL Lll SERIAL NO. 310059 

PRINCIFLZ UV Photanetrlc 

COMPONENT so2 

LAST ~~LILTIPOINT CALIBRATION DATE a/8/90 

ANALYSIS. 
DATE a/a/90 ZERO GAS STD SAMPLE 

TRIAL 1 0001 0138 072 

TRIAL 2 0001 0136 072 

TRIAL 3 -_i + 0001 - 0136 073 
DATE a/14/90 ZERO GAS STD SANPLE 

TRIAL i - owl 133 071 

iRIAL 2 0001 134 070 

TRIAL 3 0001 134 071 

FIRST ANALYSIS CONCENTRATION 49.9 plxn 
)fEAN CONCENTRATION 

SECOND ANALYSIS CONCENTRATION 49.8 "q 

TRACEABLE TO NBS 
49.9 pan CHRONOLOGY Z/14/92 

pF.RFORr,EO 
ER EPA PROTOCOL - REV. JUNE 9, 1967 

ACCORr, AC 'PO SECTION 3,O.L p / 
uv ---..,AL ..-_--- . . ..-.._..___. .-_... 

,'.,., ;'.<,I:: ,.I, :;,,,;,[ (,,,, I I ,',? 'k' " ', ,' \ ,.I, : ,': 

..-,. ,.,. 'II. ..1..:1.1,<,3 "w.,""',,.; 'W,'." ,..,.,, ..( ,, ,.,, .,,.., I ,, :,: ,: ;a 
,. .,. ,. ,; ,,. .,. ,, ,, 

,, *, ,.,,.,,,,I ,,,,, ,,, ,.,,,.,.,. *,,.,...,. q~.;I.~I"o,.~: ~I 
I6.n ‘*I YU"""SI ,-I a._. ! . ,,~,,,,,.. ,,, I,".. ..,.* ,.,q, ,,. .I, ;, "1.,1, ',::.,..~III.~L,...l"( 10, L.,:" -.*"r*'-.- 1,.,., L ,.,, i5.LI.*l.l.l,, ,,,..I,. 



UlliU,, j_l,,L,,,li .a 33,.‘1 I ,-..-.. 

P.O. Lmwcr NO. 272 

’ l$!!yo8071 i 
T,,.,phw f.4.rkallnQ: 609-829-7878. 

p,&. 8 Admin.: 809-829.7914 
~,,tcrn~tlcnal: 609..329*7917 

Cuetomer : 
Teat No: 
Cyl. No: 
Standard: a-17379 

94.3 pm mI/N2 
~,\,.I::Il.A’I‘.(0!:!: ,-., ~-~ 

DATE: 8/b/90 SAMPLE: cc-A'7:17Y 
iNST?JNENT : Bcch3n 

STD WPLE 

138 072 
136 072 
136 073 

x 94.3 prml 

* 94.3 pyn 

x 94.3 ppm 

STD = 49.2 pm, 

STD = K.9 ym 

STD = 
AVG = 

50.6 @QyQ 
49.9 ppll 

DATE: aiu+t9o SAMPLE 
JNSTRUMENT: EQ- . 

STD SAmLO . I 

, * 133 071 134 . . 
070 

134 ’ 071 _ 
. 

cc-17379 

*,. ,* 
x 94.3 Ppn STD 

” 070 x 94.3 ppn STD - 
Ta-- 

x.3 Ppn 

49.3 pp.3 

” 071 x 94.3 ppn STD .= 49 7 
AVG - 49.8 

- 
ppn 

Ovarail AVG - 49.9 ppn S02'/N2 



APPENDIX F 

Examples of Completed Dragon Daily CEM Inspection Checklists 
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APPENDIX G 

Tabulation of Daily Emissions by Time Period 



Period 1 Operating Data - 1991 

Oneratina Inlet Outlet 
Date -Hours - SO2 NOx SO2 NOx 

a/20 7 
8121 24 
8122 24 
a/23 22 
8124 24 
al25 11 
a/26 7 
a/27 24 
a/28 16 
a/29 a 
a/30 20 
8131 24 
Total 211 

Weighted 
average 

33 196 5 192 84.8 2.0 
63 336 7 332 88.9 1.2 
48 281 6 249 87.5 11.4 
93 347 11 287 88.2 17.3 

143 486 la 399 87.4 17.9 
61 251 9 236 85.2 6.0 
33 302 3 257 90.9 14.9 
40 276 a 229 80.0 17.0 
51 330 a 287 84.3 13.0 
93 312 12 269 87.1 13.8 

106 348 14 294 86.8 15.5 
62 245 7 220 88.7 10.2 

73 320 10 279 

Removal 
Efficiency 
SD2 NOX 

87.0 12.8 

-l- 



Period 2 Operating Data - 1991 

Operating Inlet 
Hours so2 ; 

Outlet 
Removal 

Efficiency 
Date 

911 
912 
913 
914 
915 
916 
917 
g/a 919 
9/10 
9/11 
9112 
9/13 
9114 
9115 
9116 
9117 
9118 
9119 

*g/20 
*g/21 
*g/22 

9123 
9124 
9125 
9126 
9f27 
9128 
9129 

*g/30 

NOx SD2 NOx SD2 NOx 

24 43 241 4 225 90.7 6.6 
24 104 296 11 285 89.4 3.1 
19 67 342 10 319 85.1 6.7 
24 79 2.50 20 208 74.7 16.8 
24 47 245 5 201 89.4 18.0 
24 40 323 6 303 85.0 6.2 
24 37 287 5 270 86.5 5.9 
24 52 248 6 226 88.5 a.9 
16 58 245 7 226 87.9 7.8 
la 118 315 19 258 83.9 18.1 
24 53 277 9 235 83.0 15.2 
24 41 315 6 283 85.4 10.2 
24 53 286 7 263 86.8 8.0 
24 65 260 9 261 86.2 -0.4 

1 a0 295 10 252 87.5 14.6 
1 242 413 24 393 90.1 4.8 

22 190 284 26 250 86.3 12.0 
9 112 411 12 376 89.3 a.5 
a 157 531 17 484 89.2 a.9 

7 59 236 13 
24 36 289 36 
15 90 338 11 
24 45 356 5 
la 36 214 5 
la 72 290 3 
12 la9 348 la 

219 
281 
305 
356 

253 
305 

78.0 
0.0 

87.0 
88.9 
86.1 
95.8 
90.5 

7.2 
2.8 
9.8 
0.0 

12.8 
12.4 

Total 476 

Weighted 
average 

71 284 11 260 84.6 a.6 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 

-2- 



Period 3 Operating Data - 1991 

Operating Inlet 
Date Hours SD2 NOX so2 NOX 

10/l 
lOf2 
1013 

'm/4 
1015 
10/6 
1017 
1018 
1019 

lO/lO 
lO/ll 
10112 
10/13 
10/14 
10/15 
lo/16 

*10/17 
10118 
10/19 
10120 
10121 
10/22 
10123 
10124 
10/25 
10/26 
lo/27 

*lo/28 
10129 
10/30 
10/31 
Total 

12 74 251 10 219 86.5 12.7 
14 123 545 10 383 91.9 29.7 
10 34 238 3 151 91.2 36.6 

6 34 242 5 345 85.3 -42.6 
24 95 212 16 344 83.2 -62.3 
24 51 296 6 310 88.2 -4.7 
12 61 454 8 402 86.9 11.5 
24 58 364 6 324 89.7 11.0 
15 117 405 18 421 84.6 -4.0 
11 126 274 24 284 81.0 -3.6~ 
23 111 336 19 313 82.9 6.8 
11 81 325 12 298 85.2 8.3 
23 56 286 9 265 83.9 7.3 
24 49 246 5 193 89.8 21.5 

2 58 239 8 203 86.2 15.1 

2 290 340 43 305 85.2 10.3 
12 125 285 19 261 84.8 8.4 
24 101 210 14 169 86.1 19.5 
12 250 290 6 134 97.6 53.8 
18 199 330 20 242 89.9 26.7 
20 119 282 35 153 70.6 45.7 
24 76 315 29 210 61.8 33.3 
24 58 279 6 226 89.7 19.0 
24 37 263 7 225 81.1 14.4 

7 42 156 4 131 90.5 16.0 

14 
24 
24 

464 

62 279 5 191 
67 230 8 185 
82 242 11 195 

Weighted 
average 

87 292 13 251 

Outlet 
Removal 

Efficiency 
SD2 NOX 

91.9 31.5 
88.1 19.6 
86.6 19.4 

85.4 14.0 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 

-3- 



Period 4 Operating Data - 1991/1992 

Operating Inlet 
Hours SO2 

Outlet 
NOx 

186 
258 

502 

11 
15 

NOX 

130 
171 

Removal 
Efficiency 
so2 NOx Date 

11/l 16 95 
1112 11 154 

"12110 
12/11 

'12/12 
*12/13 

12114 
12115 
12116 
12117 
12118 

'12/19 
'12/20 

12/21 
12122 

'12123 
l 12/24 
*12/25 
*12/26 

12127 
12/28 
12/29 

l 12/30 
'12131 

*l/l 
112 
l/3 

,114 
*l/5 
'l/6 
*1/7 
*l/8 

1/g 
l/10 

'l/l1 
l 1/12 
l/13 
l/14 

*1/15 
Total 

6 48 176 9 111 81.3 36.9 

8 140 259 
18 186 242 

7 77 201 
20 76 266 
20 85 250 

20 139 284 9 156 
21 142 309 10 207 

12 94 296 12 180 87.2 39.2 
24 178 348 51 214 71.3 38.5 
19 137 327 36 190 73.7 41.9 

14 206 346 17 203 91.7 41.3 
5 279 327 22 207 92.1 36.7 

8 181 206 13 125 92.8 39.3 
13 159 295 16 210 89.9 28.8 

11 
6 

259 

139 
129 

131 Weighted 
average 

88.4 30.1 
90.3 33.7 

9 179 
15 207 
11 166 

7 196 

93.6 30.9 
91.9 14.5 
85.7 17.4 
90.8 26.3 

93.5 45.1 
93.0 33.0 

162 10 100 92.8 38.3 
190 5 130 96.1 31.6 

252 16 165 87.6 34.5 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
~system were not functioning. 
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Period 5 Operating Data - 1992 

Operating Inlet 
Date -Hours - SO2 NOx 

5113 9 
5114 24 
5115 24 
5116 24 
5117 24 
5118 14 
5119 24 
5120 24 
5/21 18 
5122 18 
S/23 16 
5124 24 
5/25 10 

'5126 
l 5/27 
*5/28 

5/29 3 
5130 24 
5131 24 
Total 304 

Weighted 
average 

186 335 25 305 86.6 9.0 
164 313 16 291 90.2 7.0 
286 358 30 322 89.5 10.1 
117 244 14 179 88.0 26.6 
159 183 16 159 89.9 13.1 
299 319 24 225 92.0 29.5 
293 239 32 182 89.1 23.8 
263 333 35 277 86.7 16.8 
384 323 56 296 85.4 8.4 
368 394 40 279 89.1 29.2 
332 264 37 213 88.9 19.3 
345 275 45 257 87.0 6.5 
193 218 24 210 87.6 3.7 

53 362 6 291 88.7 19.6 
190 346 20 260 89.5 24.9 
166 263 10 209 94.0 20.5 

245 293 28 243 88.7 17.1 

Outlet 
Removal 

Efficiencv 
SO2 NOX so2 NO; 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 6 Operating Data - 1992 

Date 

611 l 6/2 

*6/10 
6111 
6112 
6113 
6114 

l 6/15 
*6/16 
-6/l? 

6118 
6119 
6/20 

l 6/21 
'6122 
'6123 

6124 
6/25 
6126 
6/27 
6/28 
6129 

*6/30 
7116 
7117 
J/18 
7/19 
7120 

*J/21 
7/22 

l 7/23 
'7124 
'7125 
*J/26 
‘7127 

7128 
J/29 
J/30 
7131 

Operating Inlet 
Hours - 

2 

so2 NOX SO2 NOx 

la4 222 13 176 

Removal 
Efficiency 
502 NOX 

92.9 20.7 

14 220 321 22 246 90.0 23.4 
18 254 265 25 189 90.2 28.7 
18 165 238 21 163 87.3 31.5 
16 290 244 34 178 88.3 27.0 

9 242 270 29 la9 88.0 30.0 
24 321 297 34 197 89.4 33.7 
18 153 197 11 174 92.8 11.7 

2 129 66 10 51 92.2 22.7 
14 154 236 12 168 92.2 28.8 
24 146 321 6 305 95.9 5.0 
24 309 271 la 211 94.2 22.1 
15 405 280 37 204 90.9 27.1 

1 425 261 46 200 89.2 23.4 

12 
24 
24 
14 
22 

11 171 90.7 27.2 
24 194 89.3 20.8 
34 210 85.7 10.3 
27 200 88.8 la.0 
34 262 86.5 3.0 

1 

118 235 
224 245 
237 234 
242 244 
252 270 

122 341 54 210 55.7 38.4 

12 186 239 23 177 87.6 25.9 
24 187 313 31 281 83.4 10.2 
24 98 209 a4 159 14.3 23.9 
23 232 345 22 225 90.5 34.8 

Total 379 

Weighted 
average 

222 265 28 208 87.4 21.3 

Outlet 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 7 Operating Data - 1992 

Ooeratino Inlet 
Date ' Hours - SO2 

ail 24 273 
812 24 275 
813 2 205 

l 8/4 0 
815 12 148 
816 24 320 
817 19 372 
a/a 23 367 
ai9 24 493 

8110 24 434 
a/l1 24 373 
8112 24 58 
a/l3 24 150 
8114 239 
ajls 

24 
23 259 

*a/16 
*a/17 
*8lla 

8;19 
8120 

*8/21 
*a/22 
*a/23 
*a/24 
*a/25 
*8/26 
*a/27 
*8/2a 
*a/29 
*8/30 

9 247 259 28 185 88.7 28.6 
11 174 227 18 156 89.7 31.3 

aj31 13 121 
Total 328 

Weighted 281 
average 

NOx 

304 
385 
268 

362 
347 
316 
369 
376 
421 
399 
338 
353 
313 
297 

353 

345 

Outlet 
SD2 NOx 

31 234 
30 301 
23 236 

19 261 
24 209 
35 238 
43 286 
69 323 
25 215 
24 244 

4 207 
5 204 

29 264 
34 247 

Removal 
Efficiency 
so2 NOx 

88.6 23.0 
89.1 21.8 
88.8 11.9 

87.2 27.9 
92.5 39.8 
90.6 24.7 
88.3 22.5 
86.0 14.1 
94.2 48.9 
93.6 38.8 
93.1 38.8 
96.7 42.2 
87.9 15.7 
86.9 16.8 

14 270 88.4 23.5 

28 244 90.1 29.3 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period a Operating Data - 1992 

Date 

911 
*g/2 
'913 
*g/4 
*g/5 
'916 
*g/7 
'9/a 
*9/g 
9110 
9111 
9112 
9113 
9114 

*g/15 
*9/16 
*9/l? 

9118 
9119 
9120 
9121 

*g/22 
9123 

*g/24 
*g/25 
*9/26 
*9/27 

9128 
9129 
9130 
10/l 
Total 

Operatins Inlet 

Weighted 
average 

Hours - 

a 

so2 NOx SO2 NOx 

149 407 16 309 

Removal 
Efficiency 
so2 NOx 

89.3 24.1 

10 68 345 6 163 91.2 52.8 
16 124 312 9 173 92.7 44.6 
24 193 319 11 117 94.3 63.3 

6 216 348 40 118 al.5 66.1 
9 169 274 11 165 93.5 39.8 

24 88 307 a 244 90.9 20.5 
24 108 229 10 la3 90.7 20.1 
17 135 245 10 la2 92.6 25.7 

14 
24 
24 

7 

6 

241 320 24 242 90.0 24.4 
112 301 8 208 92.9 30.9 

94 261 7 177 92.6 32.2 
171 228 7 161 95.9 29.4 

93 200 9 178 90.3 11.0 

16 
24 
24 
24 

301 

83 228 7 158 91.6 30.7 
88 264 8 196 90.9 25.8 

136 258 11 195 91.9 24.4 
98 246 7 194 92.9 21.1 

124 278 10 188 91.8 32.4 

Outlet 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 9 Operating Data - 1993 

Date 
Ooeratins 

‘Hours - 
Outlet 

SD2 
Inlet 

NOX SD2 NOx 

4113 9 
4114 9 
4115 24 
4116 23 

*4/l? 
4118 20 
4119 24 
4120 22 
4121 16 
4122 11 
4123 6 
4124 22 
4125 16 
4126 22 
4127 24 
4f2a 21 
4129 21 
4130 24 
Total 314 

Weighted 
average 

24 275 3 267 
10 280 2 252 
27 244 4 223 
21 237 3 210 

24 289 4 221 
27 305 3 224 
53 202 4 154 
54 211 11 168 
52 200 20 113 
31 142 3 87 
27 195 4 139 
46 210 10 153 
56 213 11 175 
46 221 6 202 
77 213 7 la5 
74 271 9 216 

104 297 11 242 

Removal 
Efficiency 
SD2 NOx 

87.5 2.9 
80.0 10.0 
85.2 8.6 
85.7 11.4 

83.3 23.5 
88.9 26.6 
92.5 23.8 
79.6 20.4 
61.5 43.5 
90.3 38.7 
85.2 28.7 
78.3 27.1 
80.4 17.8 
87.0 8.6 
90.9 13.1 
87.8 20.3 
89.4 18.5 

47 240 7 194 85.7 19.0 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 10 Operating Data - 1993 

Operating Inlet 
Date Hours ’ so, 

5/l 
512 
5/3 
514 
515 
516 
5/J 
518 
519 

5110 
5/11 
5112 
5113 
5114 
5115 

NOx =02 NOx 

5;16 
5117 
5118 

*5/19 
5120 
5121 

*5/22 
Total 

Weighted 
average 

24 67 
24 19 
24 25 
24 42 
23 25 
20 19 
18 19 
24 JO 
24 50 
24 28 
17 86 
24 31 
17 34 
24 32 
24 27 
24 65 

6 28 
10 122 

21 
6 
0 

402 

40 
13 

41 

306 
259 
244 
304 
222 
234 
241 
242 
246 
227 
224 
191 
186 
205 
227 
260 
248 
340 

8 231 88.1 24.5 
4 234 78.9 9.7 
5 237 80.0 2.9 
7 260 83.3 14.5 
5 190 80.0 14.4 
4 193 78.9 17.5 
3 200 84.2 17.0 
9 224 87.1 7.4 
8 220 84.0 10.6 
2 211 92.9 7.0 

10 188 88.4 16.1 
5 179 83.9 6.3 
4 170 88.2 0.6 
4 193 87.5 5.9 
4 207 85.2 8.8 
a 257 87.7 1.2 
4 238 85.7 4.0 

14 327 88.5 3.8 

265 5 233 87.5 12.1 
251 2 240 84.6 4.4 

244 6 218 86.1 10.5 

Outlet 
Removal 

Efficiency 
S02 NOx 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 11 Operating Data - 1993 

Date Hours so2 NOx so2 NOx 

*6/l 
'612 
l 6/3 

614 
*6/5 
'616 

617 
618 
619 

6/10 
6111 
6112 
6113 
6114 
6115 
6116 
6/l? 
6118 
6119 
6120 

*6/21 
*6/22 

6123 
6124 
6125 
6126 
6127 
6128 
6129 

'6130 
Total 

10 53 261 8 236 84.9 9.6 

16 58 280 9 288 84.5 -2.9 
24 88 416 12 391 86.4 6.0 
24 69 344 10 298 85.5 13.4 
24 59 282 8 245 86.4 13.1 
24 31 335 5 284 83.9 15.2 
24 33 345 6 297 01.8 13.9 
24 50 290 7 231 86.0 20.3 
24 56 275 7 222 87.5 19.3 
24 34 307 7 250 79.4 la.6 
24 23 297 4 235 82.6 20.9 
22 30 332 5 263 83.3 20.8 
24 16 325 3 254 81.3 21.8 
24 17 308 3 230 82.4 25.3 
10 20 316 3 237 85.0 25.0 

20 9 387 3 342 66.7 11.6 
24 9 270 3 259 66.7 4.1 
24 26 307 5 259 80.8 15.6 
24 40 302 6 247 85.0 18.2 
24 19 308 5 260 73.7 15.6 
10 16 242 10 240 37.5 0.0 
12 14 331 3 293 78.6 11.5 

460 

Operatincf Inlet 

Weighted 
average 

36 315 6 267 

Outlet 
Removal 

Efficiency 
so2 NOx 

83.4 15.0 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Date 

*J/l 
J/2 
713 
J/4 
715 
716 
717 
718 
J/9 

7110 
7111 
J/12 
7113 
J/14 
J/15 
7116 
J/l? 
7118 
7119 
J/20 
J/21 
J/22 
7123 

*J/24 
*J/25 

J/26 
7127 
J/28 
J/29 
J/30 
J/31 

Total 

Period 12 Operating Data - 1993 

Operating Inlet 
Hours so2 NOx 

13 39 416 
24 11 311 
12 17 233 

5 77 451 
24 105 391 
18 94 303 
16 59 398 
24 62 360 
19 77 296 
24 47 358 
20 51 349 
24 44 344 
24 46 308 
24 19 314 
24 11 270 
19 27 311 
24 12 271 
24 46 337 
13 49 302 
20 108 308 
20 20 315 

8 106 320 

12 
24 
18 
24 
24 
24 

549 

59 385 
61 311 

ii8 365 
101 355 
121 425 

60 299 

Weighted 
average 

57 333 

Outlet 
so2 

3 
2 
2 
3 
3 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
3 

4 
2 
2 
3 
3 
3 

2 

NOx 

Removal 
Efficiency 
so2 NOx 

383 92.3 7.9 
261 al.8 16.1 
194 88.2 16.7 
330 96.1 26.8 
282 97.1 27.9 
233 97.9 23.1 
279 94.9 29.9 
250 96.8 30.6 
188 97.4 36.5 
236 95.7 34.1 
259 96.1 25.8 
335 95.5 2.6 
303 95.7 1.6 
322 89.5 -2.5 
275 81.8 -1.9 
354 88.9 -13.8 
254 75.0 6.3 
299 95.7 11.3 
263 95.9 12.9 
305 98.1 1.0 
278 90.0 11.7 
297 97.2 7.2 

349 93.2 9.4 
298 96.7 4.2 
330 98.3 9.6 
337 97.0 5.1 
393 97.5 7.5 
293 95.0 2.0 

291 95.9 12.4 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 13 Operating Data - 1993 

Date -Hours - SO2 NOx so2 NOx 

a/l 
ai2 
ai3 
814 
815 
816 

*a/7 
*8/8 

a/g 
*8/10 

8111 
a/l2 
8113 
a/l4 

*8/15 
8116 
8/l? 
8118 
a/l9 
a/20 
a/21 
a/22 
8123 

*a/24 
a/25 
8126 
a/27 
8128 
8129 
8130 
a/31 

Total 

24 115 252 2 248 98.3 1.6 
23 158 291 2 261 98.7 10.3 

8 105 326 3 286 97.1 12.3 
22 163 337 3 305 98.2 9.5 
24 128 302 3 300 97.7 0.7 

8 69 249 2 243 97.1 2.4 

10 134 335 3 352 97.8 -5.1 

24 47 260 2 217 95.7 16.5 
15 103 237 2 197 98.1 16.9 
24 53 260 2 203 96.2 21.9 
18 110 252 2 201 98.2 20.2 

16 52 212 2 168 
19 11 295 2 215 
24 36 254 2 179 
24 9 277 2 188 
24 16 238 2 152 
18 39 327 2 208 
24 10 268 2 180 

6 7 220 2 159 

Weighted 
average 

15 
6 
4 

14 
22 
24 
24 

464 

33 299 4 196 87.9 34.4 
29 251 4 172 86.2 31.5 
24 322 4 251 83.3 22.0 
69 306 7 236 89.9 22.9 

160 410 14 273 91.3 33.4 
193 317 16 217 91.7 31.5 
198 356 14 227 92.9 36.2 

86 288 4 223 95.0 22.6 

Operating Inlet Outlet 
Removal 

Efficiency 
so2 NOx 

96.2 20.8 
81.8 27.1 
94.4 29.5 
77.8 32.1 
87.5 36.1 
94.9 36.4 
80.0 32.8 
71.4 27.7 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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Period 14 Operating Data - 1993 

Operating Inlet 
Date -Hours SO2 

911 24 
912 24 
913 la 
914 24 
915 23 
916 14 
9/J 24 
918 24 
g/g 12 

9110 24 
9111 24 
9112 20 

*g/13 
9114 10 
9115 24 
9116 24 
9/l? 16 
9118 4 
9119 20 
9120 19 
9121 24 
9122 9 

*g/23 
Total 405 

Weighted 
average 

66 225 a 186 87.9 17.3 
87 232 7 161 92.0 30.6 

334 358 23 225 93.1 37.2 
175 353 11 197 93.7 44.2 
233 376 14 206 94.0 45.2 
205 365 14 229 93.2 37.3 
324 336 21 197 93.5 41.4 
235 274 12 127 94.9 53.6 
157 238 9 143 94.3 39.9 
116 203 9 149 92.2 26.6 

68 213 8 294 88.2 -38.0 
78 270 3 218 96.2 19.3 

68 276 7 345 89.7 -25.0 
58 227 6 197 89.7 13.2 
43 214 6 200 86.0 6.5 
54 203 7 187 87.0 7.9 
45 243 6 170 86.7 30.0 
36 296 6 223 77.8 24.7 
38 290 7 198 81.6 31.7 
43 293 3 194 93.0 33.8 
44 257 3 164 93.2 36.2 

124 274 9 199 92.4 27.4 

NOx 
Outlet 

so2 NOx 

Removal 
Efficiency 
so2 NOx 

*Periods when no data are shown represent days when the 
cement plant, the Recovery Scrubber, or the data collection 
system were not functioning. 
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APPENDIX H 

Tabulation of Selected Inlet/Outlet SO2 Data and 
Corresponding Removal Efficiencies 



2ECOVERY SC,=?LJElBER SO2 SCRUBBING EFFiCIEPJCY 1993 

Less than lOOLb/H SO2 inout: 

1 r1 
22 
12 
72 
53 
: d 
1s 
74 
74 

17 
5 

21: 
!4 
10 
27 
99 
29 
.s !j 
23 
15 
32 
29 
2s 
92 
IS 
57 
53 
35 
34 
; ‘j 

2? 
23 
3 3 

b 
B 

.3 0 
R 0 
7 L, 
.; 7 
‘9 .> 

4 
25 
3 1 
13 

3 

OUT RECC’JERY ! N 

2 
7 
6 
a 
> 

19 
16 

2 
2 
4 
4 
I: 
4 

10 
5 
7 

4 
4 
4 
6 
2 

!l 
4 
h 
= 

5 
5 
5 
4 
5 
9 
2 
2 
5 

1 !j 
3 
6 
5 
2 
5 
5 
5 
.y 

95.4 
33.3 
90. : 
90.5 
75.0 
80.0 
74.3 
52.9 
33.2 
hcJ.0 
:32.5 
71.4 
70.0 
35.2 
39.9 
82.8 
35.0 
92.5 
73.3 
37.5 
79.3 
92.9 
39.0 
75.0 
S9.5 
g : . ‘) 
35.7 
35.3 
89.9 
95.2 
32.1 
S9.2 
55.7 
75.0 
33.3 
37.5 
39.5 
83.3 
37.2 
55.7 
30.0 
33.9 
51.5 
62.5 

2 0 
3 

23 
14 
14 
13 
4.3 
12 
22 

5 
14 

9 
:s 
93 
94 
13 
14 

9 
13 
93 
94 
1 3 
27 
27 
74 

3 
15 
15 

7 
57 

5 
55 
11 
90 
59 
42 
43 
55 

5 
16 

4 
12 

4 
9 

43 
average 

7 5 . ‘,:j 
UL.5 L7 

95.7 
71 .‘a 
78.6 
77.3 
82.7 
7 5 . j 
35.4 
50.0 
73. ,5 
77.3 
92.; 
75.3 
97.9 
75.9 
73. ,5 
77.3 
92.3 
95.9 
97.3 
75.9 
?2.6 
92.6 
97.: 
,52.5 
37.5 
37.5 
71 .a 
95.5 
85.3 
95.4 
7 7 .,.7 
95.7 
95.7 
95.2 
95.3 
94.5 
60.0 
37.5 
75.0 
SS..Y 
75.5 
77.3 
90.7 
32.0% 

hIate: One oair of data were collected from each dav of RS ooeraticr 
a:ir;np 1993: usual!v the third from the last hour oroviding the 
:cniit ‘<Gas !ess tnac 1 c.yi<.>Lb;~ ‘I . 



loo-ZOOLb/H SO2 inout: 
!N OUT RECOVERY 108 11 177 12 140 10 106 25 1 0 1 11 :55 14 142 15 113 17 /i 125 15 114 13 119 13 :so 19 



APPENDIX I 

Graphs of Daily Inlet and Outlet SO2 Emissions 
versus 

Time 

for 14 Operational Time Periods 
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Appendix J 
Graphs of Daily Inlet and Outlet NOx Emissions 

Versus 
Time 

For 14 Operational Time Periods 
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EXECUTIVE SUMMARY 

In response to a letter dated July 26, 1993, requesting 
information about the Passamaguoddy Technology Recovery 
Scrubber" (the Recovery Scrubber) with respect to Research 
Triangle Institute's (RTI) contract with the US EPA to 
provide technical support for development of WACT" standards 
for the 189 hazardous air pollutants (HAPS) as called for in 
the Clean Air Act Amendments of 1990, and more specifically, 
control of HCl emissions from portland cement kilns, we are 
forwarding the following information. 

The Recovery Scrubber, was originally developed by Dr. 
Garrett L. Morrison to address two environmental problems 
facing the Dragon Products Company, Inc. cement plant 
(Dragon) in Thomaston, Maine. The first was a solid waste 
disposal problem, cement kiln dust (CKD), and the second was 
emissions of SO2 in flue gases from their wet process 
portland cement kiln. The Recovery Scrubber was selected in 
Round II of the U. S. Department of Energy's (DOE) Innovative 
Clean Coal Technology (CCT) program for partial funding. The 
DOE has been very supportive of this project. 

The Recovery Scrubber removes more than 98% of the HCl in 
exhaust gases, as demonstrated in pilot scale testing by 
Acurex Corp. at EPA's laboratory in Research Triangle Park, 
NC. This technology also removes SO2 at greater than 92% 
removal efficiency as consistently demonstrated at the full 
scale prototype at Dragon and, in the process, renovates 
cement kiln dust (CKD) so that it may be recycled by a cement 
plant rather than landfilled as in the past. In addition, 
particulate emissions testing on the full scale prototype has 
demonstrated a particulate emission rate from the Recovery 
Scrubber of about 0.006 grains per SCF (15 mg/NM3). 

BACKGROUND 

Calcium, silica, iron, and alumina are some of the necessary 
elements and compounds required to produce portland cement. 
Also, several trace elements that are not required are 
present. Potassium is one of these elements that is present 
and is not only not required but is deleterious to the long 
term durability of cement products. Potassium has a 
relatively low boiling point; and, at the temperatures 
achieved in a cement kiln, several potassium compounds boil 
or vaporise. As gases travel to cooler parts of the kiln, 
potassium compounds condense onto fine dust particles in the 
exhaust gas stream. Consequently, cXD captured in the dust 
collector at the rear of a portland cement kiln contains 
elevated levels of potassium. Since potassium is not good 
for cement, CKD is landfilled at many cement plants. 
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The Passamaquoddy Technology Recovery Scrubber'kuses CKD as 
the reactant for exhaust gas scrubbing. POtaSSiUm in the CKD 
reacts with and removes acid gases (S02, HCl, etc.) from 
exhaust gases with the resultant production of potassium 
sulfate or potassium chloride, both valuable commercial 
fertilizers. Exhaust gases are cleaned of acid rain 
producing compounds; potassium is removed from CKD and it can 
therefore be recycled; and valuable products are produced 
from waste materials. 

The Recovery Scrubber, in many preliminary feasibility 
studies conducted for numerous cement companies, generally 
operates at a net annual profit. That is, the value of the 
products produced or expenses that may be avoided when using 
the Recovery Scrubber exceeds the costs of maintenance and 
operation of the Recovery Scrubber. 

COST/BENEFIT ESTIMATES FOR THE MODEL KILNS 

In all 9 cases examined, application of the Recovery Scrubber 
resulted in net income to the model plant under study. As 
can be seen in the Financial Summary below, the calculated 
capital cost ranged from a high of nearly $19 million to a 
low of less than $6 million. The estimated net benefits 
ranged from a low of over $700,000 per year to nearly $3.1 
million per year. A simple pay back period was also 
calculated by dividing the capital cost by the annual net 
income to get a payback period for the Recovery Scrubber 
installations. The payback periods ranged from 5 years to 
8.4 years. While investment in the models with shorter 
payback periods may be justifiable on a purely financial 
basis, it must also be emphasized that even in the least 
beneficial case studied, in less than 8.5 years, the Recovery 
Scrubber generated sufficient income to pay for its initial 
installation. 

Model Kiln A 
5 ppm HCl 

12 ppm HCl 
100 ppm HCl 

Model Kiln B 
5 ppm HCl 

12 ppm HCl 
100 ppm HCl 

Model Kiln C 
5 ppm WC1 

12 ppm WC1 
100 ppm HCl 

Financial Summarv 

Estimated Estimated Number of Years 
Capital Annual Net to Pay Back 

costs Benefits Investment 

12,067,804 2,118,648 5.7 
13,747,448 2,096,628 6.6 
17,556,569 3,057,912 5.7 

10,967,819 2,214,956 5.0 
12,671,503 2,035,172 6.2 
14,709,738 1,955,910 7.5 

5,956,540 708,006 
7,893,347 1,038,919 

18,986,664 3,011,356 
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1.0 INTRODUCTION 

In the letter to Dr. Garrett L. Morrison from Mr. Jeffrey w. 
Portzer, dated July 26, 1993, a numbered list of questions 
was presented on page 2. To respond as completely as 
possible Passamaguoddy Technology will attempt to address 
each question in order. 

2.0 QUESTION 1: DESCRIPTION OF TEE PROCESS AT DRAGON PRODUCTS 

In the Recovery Scrubber, dry CXD is mixed with water to form 
a dilute slurry. Exhaust gas, generally 200'F or warmer is 
passed through a heat exchanger where it is cooled. The CKD- 
water slurry and cooled flue gas are then brought into 
contact with each other, and allowed to react to perform both 
CKD renovation and flue gas scrubbing. 

Reacted CKD undergoes significant chemical change during the 
process (see Table 1). It is freed of soluble alkali (Na and 
K) and significantly reduced in calcium sulfate content. 
Calcium, from dissolved gypsum (CaS04) and calcined limestone 
(cao) , is precipitated as calcium carbonate (CaCO,). Reacted 
CKD at this point in the process has essentially the same 
composition as kiln feed. 

Reacted slurry is separated into a liquid and a solid 
fraction (thickened slurry). The liquid fraction containing 
dissolved material is pumped to an evaporator where water is 
removed from the potassium salt solution leaving solid 
crystalline potassium sulfate. The processed CXD solids, as 
a concentrated slurry, are washed with distilled water 
(derived from the evaporation process) and returned to the 
cement plant raw material preparation system. 

Waste CXD, exhaust gases, and wastewater are inputs to the 
process. Renovated CKD, potassium-based fertilizer (either 
KC1 or K2S04), scrubbed exhaust gas, and distilled water are 
process outputs. No waste is generated. 

Process Details (see Figure 1 - Process Flowsheet) 

A vortex type slurry mixer is located on top of the reaction 
storage tank. CKD is conveyed to the vortex mixer by a screw 
conveyor/elevator combination. Reacted slurry from the 
reaction storage tank is pumped to the vortex mixer at 300 - 
500 GPM and injected tangentially at four points around the 
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TABLE 1 

Chemical reactions in the Recovery Scrubber. 

Exhaust Gas Reactions 

SO2 + H20 --> .2H+ + S03= (in solution) 

H2SO3 + 402 -> 2H+ + S04= (in solution) 

co2* + H,O -> 2H+ + C03= (in solution) 

CXD Reactions 

CaO + H20 --> Ca++ + 20H- (in solution) 

Ca(OH)2 + C02* -> CaC03 + H20 (insoluble) 

CaS04** --> Ca++ + S04- (in solution) 

‘ZS04 -> 2x+ + so4= (in solution) 

X20 + H20 -> 2X+ + ZOH- (in solution) 

Reactions Between Products of Exhaust Gas and CKD Reactions 

2KOH + H2S04 --> K2S04 + 2H20 (soluble) 

Ca(OH)2 + H2C03 --> CaC03 + 2H20 (insoluble) 

Ca++ f C03= -> CaC03 (insoluble) 

2x+ f so4= --> K2S04 (soluble) 

* Slurry in reaction tank is saturated with C02. 

**Greater than 100 times more soluble that CaC03 at Recovery 
Scrubber reaction conditions (in water, 140'F) 

periphery of the vortex. CKD is dropped into the center of 
the vortex, mixed with reacted slurry and immediately 
discharged into the reaction storage tank. Process make-up 
water is added to the reaction storage tank to maintain the 
desired slurry moisture content. 

After CKD is mixed to form a slurry it is used in the 
reaction tank. The reaction tank is a dual purpose sub- 
system where the CXD slurry is used as the scrubbing reagent 
for the flue gas, and where flue gas, dissolved in water, 
simultaneously renovates CKD. Exhaust gas bubbles through a 
depth of slurry rather than having the slurry sprayed into 
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the gas stream. This method of gas-liquid contact provides 
for very efficient scrubbing of the gas while maintaining a 
chemical solution capable of dissolving calcium sulfate and 
precipitating calcium carbonate. This result is the direct 
opposite of limestone-based scrubber systems where calcium 
carbonate is reacted to form a calcium sulfate waste sludge. 

The reaction storage tank affords a long residence time for 
CKD slurry to be in contact with water and flue gas. A long 
residence time is necessary to dissolve and react minerals of 
low solubility. Reacted CKD slurry from the reaction tank is 
pumped to the settling tanks. 

There are two settling tanks. The first recovers the most 
concentrated alkali sulfate solution which is evaporated to 
crystallize potassium sulfate. Settled CKD from the first 
tank is rinsed with distilled water and conveyed to the 
second settling tank. Settled solids from the second tank 
are conveyed to the cement plant raw material preparation 
system for use as a raw material component. Water from the 
second settling tank is recycled to the reaction storage tank 
to provide process make-up water. 

CXD which has been through the process exits the second 
settling tank as a slurry of about 50 percent solids. At 
Dragon, where the cement kiln is a wet process kiln, a slurry 
is useful as direct feed to the raw mill. The slurry moisture 
content is not a problem, simply a replacement for raw mill 
make-up water. 

For application to a dry process plant the slurry should be 
substantially dewatered before reentering the raw material 
stream. Water may be removed in cyclones, filters, settling 
tanks, or thermal drying. The drying method to be applied to 
a specific plant should be selected after detailed evaluation 
of that plant. Careful study of a specific plant will 
determine heat availability and best auxiliary method for 
water reduction. 

The potassium oxide content of reacted CKD is reduced to the 
level of normal kiln feed or below so that return of the CKD 
will not add alkali to the total raw material mix. The 
sulfate content of reacted CKD is also significantly reduced. 
Trace metals, particularly those that could render potassium 
salts unsuitable for fertilizer use, and those that could 
become progressively concentrated by reuse of CKD, must also 
be considered. Heavy metals, not already present as 
insoluble oxides, generally precipitate as the insoluble 
oxide, sulfate or carbonate in the Recovery Scrubber process. 
The heavy metals are then separated from the liquid fraction 
which feeds the crystallizer. They are returned with the 
reacted CKD to the cement plant as raw material. Therefore, 
the crystallized solid potassium sulfate salt has 
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nondetectable to very low levels of heavy metals. Heavy 
metals may be reduced to whatever level is desired by 
appropriate, selective precipitation. 

The recouperator-crystallizer or evaporator is a multiple 
function sub-system. It is the beginning of the process for 
input of gaseous material and is also the source for much of 
the water, and the major portion of the heat, used by the 
process. The recouperator first cools the hot flue gas prior 
to it being used for CKD renovation. Cooling is necessary to 
prevent excessive evaporative loss of water from the CXD- 
water slurry during reaction. Cooling also condenses exhaust 
gas moisture for recovery and use in the system and permits 
use of fiberglass as an economical construction material. 

The recouperator also captures energy for evaporating water 
from the potassium sulfate solution obtained by CKD 
renovation. The recouperator is a direct contact heat 
exchanger. Water is sprayed countercurrent to the exhaust 
gas flow thus cooling the gas and heating the water. The 
heated water is circulated to a flash tank operating under 
vacuum where the water flashes to low temperature steam. 
This steam is circulated through a shell and tube heat 
exchanger which transfers the thermal energy to the 
crystallizer circuit. 

Water vapor from the crystallizer is condensed for reuse. 
Because it is good quality distilled water it could be made 
available for plant use or, with some additional treatment, 
for boiler make-up water. 

Potassium sulfate crystals produced in the crystallizer pass 
through a centrifuge and to a pelletizer to form a granular 
product suitable for fertilizer use. The pellets are then 
dried and conveyed to storage for shipment. 

3.0 QUESTION 2, 3, AND 4: PURCEABED EQUIPMENT COST, FREIGHT, 
AND ESTIMATE OF INSTALLATION AND ERECTION COST 

Appendix A and Appendix B provide some of the assumptions and 
process calculations used for estimating the capital cost of 
a Passamaquoddy Technology Recovery ScrubberTYfor each of the 
nine cases described in the U.S. EPA HCl MACT Standards 
Development Project. These costs include freight to 
Thomaston, Maine. Item 4 in each of the following tables 
provides an estimate of the installation and erection costs. 
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The following assumptions, scaling equation and exponents 
have been applied to the full size installation at Dragon to 
estimate the capital cost to purchase and install a Recovery 
Scrubber: 

H 
r cost 2 Size 2 

= 
cost 1 Size 1 

EXPONENTS (r= ): 

Gas dependent 
Dust dependent 
Product dependent 
Gas, dust, and product dependent 

Also: 

0.6 
0.6 
0.7 
0.9 

Assume cost of a second crystallizer is 50% of the first. 

Assume maximum cost of single crystallizer is twice the base 
case cost. 
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3.1 COST ESTIMATES - MODEL KILN A 

TABLE 2 

Kiln Model 
(in US dollars, unless otherwise noted) 

DATA: 
Base Case 5 oom HCl 12 m HCl 100 vvm Hcl 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Gas volume, acfm 225,000 273,000 273,000 273,000 
Dust, TPH 10.5 7.5 8.0 10.0 
Salt product, TPH 0.4 0.7 0.6 1.1 
Chlorine, TPD 0 0 10.5 

GAS DEPENDENT 
Recouperator 450,000 505,360 505,360 
Reaction tank 

505,360 
607,000 681,674 681,674 681,674 

Fan 119,000 133,640 133,640 
Stack, ducting, etc 

133,640 
316,000 354,875 354,875 354,875 

Sub-Total 1,492,OOO 1‘675,549 1,675,549 1,675,549 

DUST DEPENDENT 
Storage, tanks,etc 552,000 451,089 468,899 536,075 

PRODUCT DEPENDENT 
Crystallizer 2,000,OOO 2,971,116 2,656,402 3,687,875 
Pelletizer, storage 225,000 334,250 298,845 414,886 
Second Crystallizer 0 1,328,201 0 

Sub-Total 2,225,OOO 3,305,366 4,283,448 4,102,761 

GAS, DUST, AND PRODUCT DEPENDENT 
Field erection 2,500,OOO 3,105,349 3,613,337 3,555,857 
Other 865,000 1,074,451 1,250,215 1,230,327 

Sub-Total 3,365,OOO 4,179,800 4,863,552 4,786,184 

FIXED COSTS 
Controls 188,000 188,000 188,000 ~188,000 
Emission monitoring 109,000 109,000 109,000 109,000 
Process design 1,162,OOO 1,162,OOO 1,162,OOO 1,162,OOO 
Engineering design 997,000 997,000 997,000 997,000 

Sub-Total 2,456,OOO 2,456,OOO 2,456,OOO 2,456,OOO 

ELECTROLYSIS (Cl removal) 0 0 4,000,000 

GRAND TOTAL 10,090,OOO 12,067,804 13,747,448 17,556,569 
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3.2 COST ESTIHATES - MODEL KILN B 

TABLE 3 

Model Kiln B Cost Estimate Worksheet 
(in US dollars, unless otherwise noted) 

Base Case 5 vvm HCl 12 vvm Hcl 100 vv m HCl 
DATA: 

Gas volume, acfm 225,000 65,000 65,000 65,000 
Dust, TPH 10.5 4.0 4.0 4.0 
Salt product, TPH 0.4 0.8 0.7 0.8 
Chlorine, TPD 0 0 11.0 

1. GAS DEPENDENT 
Recouperator 450,000 213,624 213,624 213,624 
Reaction tank 607,000 288,156 288,156 288,156 
Fan 119,000 56,492 56,492 
Stack, ducting, etc 

56,492 
316,000 150,012 150,012 150,012 

Sub-Total 1,492,ooo 708,284 708,284 708,284 

2. DUST DEPENDENT 
Storage, tanks,etc 552,000 309,358 309,358 309,358 

3. PRODUCT DEPENDENT 
Crystallizer 2,000,000 3,385,269 2,959,079 3,249,OlO 
Pelletizer, storage 225,000 380,843 332,896 365,514 
Second Crystallizer 0 1,479,540 0 

Sub-Total 2,225,OOO 3,766,112 4,771,515 3,614,524 

4. GAS, DUST, AND PRODUCT DEPENDENT 
Field erection 2,500,OOO 2,769,736 3,288,519 2,690,618 
Other 865,000 958,329 1,137,827 930,954 

Sub-Total 3,365,OOO 3,728,065 4,426,346 3,621,572 

5. FIXED COSTS 
Controls 188,000 188,000 188,000 188,000 
Emission monitoring 109,000 109,000 109,000 109,000 
Process design 1,162,OOO 1,162,OOO 1,162,OOO 1,162,OOO 
Engineering design 997,000 997,000 997,000 997,000 

Sub-Total 2,456,OOO 2,456,OOO 2,456,OOO 2,456,OOO 

6. ELECTROLYSIS (Cl removal) 0 0 4,000,000 

7. GRAND TOTAL 10,090,OOO 10,967,819 12,671,503 14,709,738 
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3.3 COST ESTIMATES - MODEL KILN C 

TABLE 4 

DATA: 

Model Kiln C Cost Estimate Worksheet 
(in US dollars, unless otherwise noted) 

Base Case 5 DDE HCl 12 100 m HCl DB 

Gas volume, acfm 225,000 5,182 12,954 129,541 
Dust, TPH 10.5 0.3 0.8 7.6 
Salt product, TPH 0.4 0.1 0.2 1.1 
Chlorine, TPD 1.1 2.7 22.1 

1. GAS DEPENDENT 
Recouperator 450,000 46.836 81,161 323,108 
Reaction tank 607,000 63,177 109,477 435,837 
Fan 119,000 12,386 21,463 85,444 
Stack, ducting, etc 316,000 32,890 56,993 226,894 

Sub-Total 1,492,ooo 155,289 269,094 1,071,283 

2. DUST DEPENDENT 
Storage, tanks,etc 552,000 65,910 114,213 454,688 

3. PRODUCT DEPENDENT 
Crystalliser 2,000,000 694,702 1,319,351 4,000,000 
Pelletizer, storage 225,000 78,154 148,427 450,000 

Sub-Total 2,225,000 772,856 1,467,778 4,450,ooo 

4. GAS, DUST, AND PRODUCT DEPENDENT 
Field erection 2,500,OOO 673,466 1,178,501 3,383,873 
Other 865,000 233,019 407,761 1,170,820 

Sub-Total 3,365,OOO 906,485 1,586,262 4,554,693 

5. ,FIXED COSTS 
Controls 188,000 
Emission monitoring 109,000 
Process design 1,162,OOO 
Engineering design 997,000 

Sub-Total 2,456,OOO 

6. ELECTROLYSIS (Cl removal) 

7. GRAND TOTAL 10,090,000 

188,000 188,000 188,000 
109,000 109,000 109,000 

1,162,OOO 1,162,OOO 1,162,OOO 
997,000 997,000 997,000 

2,456,OOO 2,456,OOO 2,456,OOO 

1,600,OOO 2,000,OOO 6,000,OOO 

5,956,540. 7,893,347 18,986,664 
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4.0 QUESTION 5: ESTIMATE OF PRESSDRE DROP FROM INLET FLANGE 
TO STACK OUTLET 

The pressure drop from the inlet flange to the stack outlet 
at the Dragon installation ranges between 5 - 8 inches WC. 
This would be typical for other installations. 

5.0 QUESTION 6: OUTLET GAS CONDITIONS 

The outlet gas would be approximately 140'F. The SO2 would 
be reduced by 92%, the HCl would be reduced by 98%, and the 
particulate grain loading would be a maximum of 0.006 grains 
per SCF. In each case the moisture content of the exhaust 
gas would be at the saturation point. 

6.0 QUESTION 7: OPERATING UTILITY REQUIRRXENTS 

The Dragon prototype has approximately 800 kW of connected 
electrical equipment. An estimate of the electrical 
requirements is provided in Table 5. 

TABLE 5 

Estimated Electrical Reouirements 
(all values are kW) 

Model Kiln A Model Kiln B Model Kiln C 

5 ppm HCl 950 250 200 

12 ppm HCl 950 250 500 

100 ppm HCl 2,500 1,900 3,800 

All values for Model Kiln C and all values for 100 ppm HCl 
include substantial power requirements for electrolysis for 
the production for recovery and sale of chlorine gas. 
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7.0 QUESTION 8: LIQUID FLOWS 

7.1 Scrubber fluid circulation rate. 

Liquid circulation rates are very site and process specific. 
No estimate can be provided at this time, however, the 
indicated power requirements in Table 5 above does include an 
estimate of the power required for pumping fluids. 

7.2 Process water makeup flow rates 

The prototype at Dragon requires approximately 20 GPM of make 
up water. Water balance and,makeup water requirements are 
site specific and more detailed .information would be required 
to determine water requirements. 

7.3 Blowdown flow rate 

There is no blowdown when using the Recovery Scrubber. 

7.4 Wastewater flow rate and characteristics 

The Recovery Scrubber does not produce wastewater or any 
other waste streams. It recycles wastewater and other waste 
streams and produces valuable by-products (potassium-based 
fertilizer, cement plant kiln feed, etc) with global markets. 

8.0 QUESTION 9: REAGENT CONSUMPTION RATE 

The Recovery Scrubber uses cement kiln dust (CKD) as the 
reagent to scrub exhaust gases from a cement kiln. No 
additional reagent is required. However, if it is 
economically advantageous, a cement plant may also use other 
caustic waste from other industries (e.g., biomass ash from 
the wood products industries) as a scrubbing reagent in the 
Recovery Scrubber and recycle them into valuable by-products 
and cement plant kiln feed. 

If heavy metals are to be recovered from CKD, reagents may be 
required to precipitate heavy metal compounds. Reagent use 
will depend on heavy metal concentration in CKD. 
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9.0 QUESTION 10: OPERATING LABOR REQUIREMENTS 

The Recovery Scrubber prototype at the Dragon cement plant 
has a net operating labor requirement of a negative two (2) 
people. Prior to installation of the Recovery Scrubber, 
Dragon landfilled an average of 250 ,tons of CKD per day. 
This represented about 10% of their raw material requirement, 
which, in turn, represented 10% of their mining labor 
requirements. In addition, personnel were required to haul 
CKD to the landfill and to maintain the landfill. Additional 
personnel were required to test and treat collected leachate 
from the CKD landfill. It is estimated that the net 
reduction in labor represents, at a minimum, two (2) full 
time employees. 

10.0 QUESTION 11: ANNUAL MAINTENANCE REQUIREMENTS 

The estimated annual maintenance costs, for labor, parts and 
materials at the Dragon plant is $100,000. In Table 6 - 
Annual Maintenance Expenses, estimates for each of the model 
plants have been made. 

TABLE 6 

Annual Maintenance Emenseg 

Model Kiln A Model Kiln B Model Kiln C 

5 ppm HCl $150,000 $150,000 $150,000 

12 ppm HCl $100,000 $110,000 $110,000 

100 ppm HCl $50,000 $100,000 $100,000 
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11.0 ANNUAL NET SAVINGS FRON RECOVERY SCRUBBER OPERATION 

In addition to the eleven questions above, Passamaguoddy 
Technology was asked to define "typical" CW compositions and 
rates for the model plants, and to use those values for the 
budgetary estimates. Appendix A provides the assumptions 
used~ in determining the calculated annual net savings 
(including annual operating costs) and the process reactions 
when using a Passamaguoddy Technology Recovery ScrubberT"at 
the three model cement plants emitting the specified levels 
of HCl. Appendix B provides the process calculations used in 
determining the calculated annual net savings. 

11.1 NODEL KILN A 

11.1.1 ANNUAL QUANTITIES - XODBL KILN A 

TABLE 7 

Model Kiln A 
Annual Tonnages When Renovating CKD, and 

Scrubbina HCl and SO2 Emissions with a eco erv Scrubber 
(all figures are tons per yRear)V 

CKD to RS 

CKD from RS 

K2S04 

KC1 

SO2 Allowances 

Chlorine gas 

5 22 PPM HC1 JO0 PPM HCl 

59,400 63,360 79,200 

61,618 65,498 81,972 

5,621 5,067 8,842 

0 441 0 

1,146 1,146 1,146 

0 0 3,474 
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11.1.2 ANNUAL SAVINGS AND AVOIDED COSTS - 
MODEL KILN A 

TABLE 8 

Estimate of Annual Economic Benefits for Model Kiln A 
(in dollars, on an annual basis) 

Value of K2S041 
(5,621 T)($240/T) 
(5,067 T)($240/T) 
(8,842 T)($240/T) 

Value of KCll 
(441 T)($lOO/T) 

Value of CKD as KF 
(61,618 T) ($6/T) 
(65,498 T) ($6/T) 
(81,972 T) ($6/T) 

Value of Chlorine gas 
(3,474 T)($150/T) 

Avoided CKD landfill 
(59,400 T)($ll/T) 
(63,360 T)($ll/T) 
(79,200 T)($ll/T) 

SO2 Allowances 
(1,146 T)($250/T) 

Sub-Total 

Elect for Cl3 prod 
(,3,474 T)($200/T) 

Annual Maint. Costs 

5 PPM HCl 12 PPM HCl JO0 PPM HCl 

1,349,0403 
1,216,080 

2,122,0802 

0 44,100 0 

369,708 
392,988 

491,832 

0 0 521,100 

653,400 
696,960 

871,200 

286.504 286.5OQ 286.500 

2,658,648 2,636,628 4,292,712 

0 

- 150,000 

0 

- 150,000 

- 390.000 

2,096,628 

- 694,800 

- 150,000 

390,000 

3,057,912 

Annua.1 Operation Costs - 390.000 

ANNUAL NET BENEFIT 2,118,640 

Notes: 

IA mixed salt product may be separated by selective 
crystallization. 

'Na is less than 3% of the combined salt'product and will 
not, therefore, detract from the value of the K2S04 and 
consequently, will not be removed separately. 
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11.2 MODEL KILN B 

11.2.1 ANNUAL QUANTITIES - MODEL KILN B 

TABLE 9 

Model Kiln B 
Annual Tonnages When Renovating CKD, and 

Scrubbina HCl and SO2 Emissions with a Recoverv Scrubber 
(all figures are tons per year) 

CKD to RS 

CKD from RS 

K2S04 

KC1 

SO2 Allowances 

Chlorine gas 

5 PPM HCl 12 PPM HC1 LOO PPM HCL 

31,680 31,680 31,680 

34,056 33,502 32,155 

6,686 5,797 6,450 

0 469 0 

1,130 1,130 1,130 

0 0 3,620 
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11.2.2 ANNUAL SAVINGS AND AVOIDED COSTS - 
NODEL KILN B 

TABLE 10 

Estimate of Annual Economic Benefits for Model Kiln 8 
(in dollars, on an annual basis) 

Value of K2S04 
(6,686 T)($240/T) 
(5,797 T)($240/T) 
(6,450 T)($240/T) 

Value of KC1 
(469 T)($lOO/T) 

Value of CKD as KF 
(34,056 T) ($6/T) 
(33,502 T) ($6/T) 
(32,155 T) ($6/T) 

Value of Chlorine gas 
(3,620 T)($150/T) 

Avoided CKD landfill 
(31,680 T)($ll/T) 

SO2 Allowances 
(1,130 T)($250/T) 

Sub-Total 

Elect for Cl2 prod 
(3,620 T)($200/T) 

Annual Maint. Costs 

Annual Operation Costa 

ANNUAL NET BENEFIT 

Notes: 

5 PPM HCl 12 PPM HCl 100 PPM HCl 

1,604,6401 
1,391,2802 

0 46, 9002 0 

204,336 
201,012 

0 

348,480 

282,500 282.500 282,500 

2,439,956 2,270,172 2,914,910 

0 

- 100,000 

-125.ooo 

2,214,956 

0 

- 110,000 

-125.ooo 

2,035,172 

- 724,000 

- 110,000 

125.004 

1,955,910 

0 

348,480 

1,548,OOOi 

192,930 

543,000 

348,480 

iNa is less than 3% of the combined salt product and will 
not, therefore, detract from the value of the K2SOq and 
consequently, will not be removed separately. 

2A mixed salt product may be separated by selective 
crystallization. 
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11.3 MODEL KILN C 

11.3.1 ANNUAL QUANTITIES - MODEL KILN C 

TABLE 11 

Model Kiln C 
Annual Tonnages When Renovating CKD, and 

Scrubbinu HCl dS Emissions with a Recoverv Scrubber 
f&es are tons per year) 

CKD to RS 

CXD from RS 

K2S04 

KC1 

SO2 Allowances 

Chlorine gas 

5 PPM HCl 12 PPM HCl 100 PPM HCl 

2,376 6,019 60,192 

1,980 4,990 66,449 

811 2,058 8,735 

0 0 0 

2,276 2,276 2,276 

373 903 7,297 
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11.3.2 ANNUAL SAVINGS AND AVOIDED COBTS - 
XODEL KILN C 

TABLE 12 

3 
(in dollars, on an annual basis) 

Value of K2S04 
(811 T)($240/T) 
(2,058 T)($240/T) 
(8,735 T)($240/T) 

Value of CXD as XF 
(1,980 T) ($6/T) 
(4,990 T) ($6/T) 
(66,449 T)($6/T) 

Value of Chlorine gas 
( 373 T)($150/T) 
( 903 T)($150/T) 
(7,297 T)(S150/T) 

Avoided CXD landfill 
( 2,376 T) (Sll/T) 
( 6,019 T)(Sll/T) 
(60,192 T)(Sll/T) 

SO2 Allowances 
(2,276 T)(S250/T) 

Sub-Total 

Elect for Cl2 prod 
( 373 T)(.$200/T) 
( 903 T)($200/T) 
(7,297 T.)($20O/T) 

Annual Maint. Costs 

5 PPM HCl 

194,6401 

12 PPM HCl 

493,920 

11,880 
29,940 

55,950 

26,136 

569.000 

857,606 

- 74,600 

- 50,000 

Annual Operation Costs - 25.000 

ANNUAL NET BENEFIT 708,006 

Notes: 

135,450 

66,209 

569.000 

1,294,519 

- 180,600 

- 50,000 

-25.ooo 

1,038,919 

LOO PPM HCl 

2,096,4001 

398,694 

1,094,550 

662,112 

569,000 

4,820,756 

-1,459,400 

- 100,000 

250,000 

3,011,356 

'Na is less than 3% of the combined salt product and will 
not, therefore, detract from the value of the X2.904 and 
consequently, will not be removed separately. 
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APPENDIX A 

ASSUMPTIONS 



1.0 Recovery Scrubber Acid Gas Removal Efficiency 

HC~ removal efficiency of greater than 98% will be achieved 
in all cases and an SO2 removal efficiency of 92% has been 
consistently demonstrated as a long term average at the full 
scale prototype operating at the Dragon Products Company, 
Inc. cement plant in Thomaston, Maine. 

2.0 Value of By-Products and Avoided Costs 

Value of K3S04 $240.00/T 
Value of KC1 $100.00/T 
Value of returned CKD as feed $ 6.00/T 
Value of SO3 emissions credits $250.00/T 
Value of Cl 
Cost to pro uce Cl gas i 

gas $150.00/T 

.z 
$200.00/T 

Avoided CKD landfi 1 costs $ 11.00/T 

3.0 Model Kiln A 

3.1 Chloride Distribution In Modal Kiln A 

Chloride introduced into a kiln system has been assumed to 
partition as follows (actual distribution should be confirmed 
for each application): 

1% to clinker product 
9% to stack gas (includes residual particulates) 

90% to cement kiln dust 

Therefore: 

At 5 oom HCl in exhaust aas, 

HCl emitted = 147,000 dscfm X 5 ppm = 0.735 dscfm 
= 4.48 Lb/Hr HCl 

Then Cl input is = [(4.48 Lb/Hr)/O.Os]x(35.45/36.45) 
= 48.4 LbjHr input 
= 0.019% of KF 

This level of cl in KF should not be a problem in a long kiln 
so that no CXD needs to be wasted for chloride purging. It 
is, however, assumed that 7.5 TPH of CKD is wasted for alkali 
control. 
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The Cl distribution for Model Kiln A at 5 ppm HCl emissions 
in the stack gases before installation of a Recovery Scrubber 
is: 

Cl in with XF = 48.4 Lb/Hr = 0.019% 
Cl out with CXD = 43.5 Lb/Hr = 0.29 % 
Cl out with Clinker = 0.48 Lb/Hr = 0.0003% 
HCl out with flue gas = 4.48 Lb/Hr = 5 ppm 

At 12 oom HCl in exhaust aas, 

HCl emitted = 147,000 dscfm X 12 ppm = 1.76 dscfm 
= 10.75 Lb/Hr 

Then Cl input is = [(lo.75 Lb/Hr)/O.O9]x(35.45/36.45) 
= 116.1 Lb/Hr input 
= 0.046% of XF 

This level of Cl in XF is marginal for kiln build-ups and 
electrostatic precipitator (ESP) operating problems. 
However, it is assumed that 8.0 TPH of CXD is wasted for both 
chloride and alkali control. 

The Cl distribution for Model Kiln A at 12 ppm HCl emissions 
in the stack gases before installation of a Recovery Scrubber 
is: 

Cl in with XF = 116.1 Lb/Hr = 0.046% 
Cl out with CXD = 104.5 LbfHr = 0.65 % 
Cl out with Clinker = 1.16 Lb/Hr = 0.0008% 
HCl out with flue gas = 10.75 Lb/Hr = 12 ppm 

At 100 mm HCl -exhaust aas, 

HCl emitted = 147,000 dscfm X 100 ppm = 14.7 dscfm 
= 89.6 Lb/HI 

Then Cl input is = [(89.6 Lb/Hr)/O.O9]x(35.45/36.45) 
= 967.7 Lb/Hr input 
= 0.387% of XF 

This is considered an excessive level of chloride input and 
it is assumed that 10 TPH of CXD must be wasted for chloride 
control to avoid kiln build-ups and ESP operating problems. 
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The Cl distribution for Model Kiln A at 100 ppm HCl emissions 
in the stack gases before installation of a Recovery Scrubber 
is: 

Cl in with KF = 967.7 Lb/Hr = 0.387% 
Cl out with CKD = a70.,9 Lb/Hr = 4.35 % 
Cl out with Clinker = 9.68 Lb/Hr = 0.006% 
HCl out with flue gas = 89.6 Lb/Hr = 100 ppm 

3.2 Typical CM for Mod01 Kiln A 

Typical CKD compositions and rates for each of the model 
plants have been estimated by Passamaguoddy Technology, L.P. 
Below are the estimated CKD analyses and rates for Model Kiln 
A. 

TABLE 1 

Model Kiln A - Tvoic 1 CKD Chemistrv 
(in per&t) 

5mm HC& 12DDUl HCl ;LooDD,m HCI 

SiO, 
A1203 
y;o3 

WO 
so3 
K20 
Na20 
Cl 
LO1 

TPH 

13.4 13.4 13.4 
3.9 3.9 3.9 
1.8 1.8 1.8 

44.0 44.0 44.0 
1.7 1.7 1.7 
5.4 5.4 5.4 
5.45 5.45 6.45 
0.45 0.45 0.45 
0.29 0.65 4.35 

22.9 22.9 la.5 

7.5 8.0 10.0 
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4.0 Model Kiln B 

4.1 Chloride Distribution in Model Kiln B 

Chloride introduced into the kiln system is assumed to 
partition as described for Model Kiln A in Section 3.1. 

The given HCl values for exhaust gas concentrations are 
assumed to be for the total exhaust gas volume. It is 
assumed, however, that effectively all the SO2 and HCl 
actually originate from the gas bypass and that only the 
bypass gas and CKD need to be treated. 

The bypass is assumed to be operated at 50% (relative to kiln 
exhaust gas) for all three levels of HCl and the bypass dust 
catch is 4 TPH. 

Therefore: 

At 5 ovm HCl in exhaust sas, 

HCl emitted = 145,000 dscfm X 5 ppm = 0.725 dscfm 
= 4.42 LbjHr HCl 

Then Cl input is = [(4.42 Lb/Hr)/O.O9]x(35.45/36.45) 
= 47.7 Lb/Hr input 
= 0.019% of KF 

The Cl distribution, for Model Kiln B at 5 ppm HCl emissions 
in the stack gases before installation of a Recovery 
Scrubber, is: 

Cl in with KF = 47.7 Lb/Hr = 0.019% 
Cl out with CKD = 43.0 LbfHr = 0.54 0 
Cl out with Clinker = 0.48 Lb/Hr = 0.0008% 
HCl out with flue gas = 4.42 Lb/Hr = 5 mm 

At 12 DDm HCl in exhaust aas, 

HCl emitted = 145,000 dscfm X 12 ppm = 1.74 dscfm 
- 10.61 Lb/Hr 

Then Cl input is = [(lo.61 Lb/Hr)/O.O9]x(35.45/36.45) 
= 114.5 Lb/Hr input 
= 0.046% of KF 
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The Cl distribution, for Model Kiln B at 12 ppm HCl emissions 
in the stack gases before installation of a Recovery 
Scrubber, is: 

Cl in with KF = 114.5 Lb/Hr = 0.046% 
Cl out with CKD = 103.1 Lb/Hr = 0.65 % 
Cl out with Clinker = 1.14 Lb/Hr = 0.0008% 
HCl out with flue gas = 10.61 Lb/Hr = 12 ppm 

At 100 oom HCl in exhaust oag, 

HCl emitted = 145,000 dscfm X 100 ppm = 14.5 dscfm 
= 88.3 Lb/Hr 

Then Cl input is = [(88.3 Lb/Hr)/O.O9]x(35.45/36.45) 
= 954.6 LblHr input 
= 0.382% of KF 

The Cl distribution, for Model Kiln B at 100 ppm HCl 
emissions in the stack gases before installation of a 
Recovery Scrubber, is: 

Cl in with KF = 954.6 Lb/Hr = 0.382% 
Cl out with CKD = 859.1 Lb/Hr = 10.74 % 
Cl out with Clinker = 9.55 Lb/Hr = 0.006% 
HCl out with flue gas = 88.3 Lb/Hr = 100 ppm 

4.2 Typical CKD for Model Kiln B 

Typical CKD compositions and rates for each of the model 
plants have been estimated by Passamaguoddy Technology, L.P. 
Below are the estimated CKD analyses and rates for Model Kiln 
B. 

TABLE 2 

Model Kiln B - Tvoical CKD Chemistry 
(in percent) 

Si02 
A120j 

MgO so3 
K20 
Na20 
Cl 
LO1 

TPH 

13.8 13.9 13.7 
3.6 3.5 3.2 
1.7 1.9 1.9 

45.5 45.0 43.0 
2.8 2.2 2.2 

10.5 10.5 10.0 
11.5 11.5 11.0 

0.75 0.75 0.75 
0.54 1.29 10.74 
9.0 9.0 . 4.0 

12DDUi HC1 1OODDm HCl 

4.0 4.0 4.0 
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5.0 Model Xiln c 

5.1 Chloride Distribution in Model Xiln C 

Chloride introduced into the kiln system is assumed to 
partition as described for Model Kiln A in Section 3.1. 

Our calculations indicate calculated equivalent chloride 
levels in kiln feed at all HCl emission levels would exceed 
the 0.015% limit beyond which air-suspension preheater and 
precalciner kilns typically experience severe build-up and 
cyclone plugging. Therefore, Model Xiln C must operate a 
bypass to avoid severe plugging problems. However, we have 
made our process calculations assuming minimum bypass 
operation consistent with good operating practice for these 
kiln types (actual bypass requirements would need to be 
confirmed for each application). 

The HCl values that have been provided for exhaust gas 
concentrations are assumed to be for the total exhaust gas 
volume. It is assumed, however, that effectively all the SO2 
and HCl actually originate from the gas bypass and that only 
the bypass gas and CXD need to be treated. 

Depending upon the calculated kiln feed chloride 
concentration, the necessary gas bypass has been estimated 
for each level of KC1 emission. The kiln exhaust gas 
quantity has been calculated by scaling from the data 
provided for Model Kiln B. 

Therefore: 

At 5 vvm HCl in exhaust crag, 

HCl emitted = 292,000 dscfm X 5 ppm = 1.46 dscfm 
= 8.9 Lb/Hr HCl 

Then Cl input is = [(8.9 Lb/Hr)/O.O9]x(35.45/36.45) 
= 96.11 Lb/Hr input 
= 0.019% of KF 

The Cl distribution, for Model Kiln C at 5 ppm HCl emissions 
in the stack gases before installation of a ReCOVerY 
Scrubber, is: 

Cl in with KF = 96.1 LbfHr = 0.019% 
cl out with CKD = 86.6 Lb/Hr = 14.23 % 
Cl out with Clinker = 0.96 Lb/Hr = 0.00032 
HCl out with flue gas = 8.9 Lb/Hr = 5 wm 

A 2% gas bypass is estimated to yield: 2,640 dscfm, and 
0.304 TPH CKD 
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At 12 vvm HCl in exhaust aas, 

HCl emitted = 292,000 dscfm X 12 ppm = 3,504 dscfm 
= 21.3 Lb/Hr 

Then Cl input is = [(21.3 Lb/Hr)/O.O9]x(35.45/36.45) 
= 230.7 LbfHr input 
= 0.046% of XF 

The Cl distribution, for Model Kiln C at 12 ppm HCl emissions 
in the stack gases before installation of a Recovery 
Scrubber, is: 

Cl in with XF = 230.7 Lb/Hr = 0.046% 
Cl out with CXD = 207.6 Lb/Hr = 13.66 0 
Cl out with Clinker = 2.31 Lb/Hr 5 0.0008% 
HCl out with flue gas = 21.3 Lb/Hr = 12 ppm 

A 5% gas bypass is estimated to yield: 6,600 dscfm, and 
0.76 TPH CXD 

At 100 vvm HCl in exhaust aas, 

HCl emitted = 292,000 dscfm X 100 ppm = 29.2 dscfm 
= 177.9 Lb/Hr 

Then Cl input is = [(177.9 Lb/Hr)/O.Os]x(35.45/36.45) 
= 1,922.3 Lb/Z-W input 
= 0.394% of XF 

The Cl distribution, for Model Kiln C at 100 ppm HCl 
emissions in the stack gases before installation of a 
Recovery Scrubber, is: 

Cl in with XF = 1,922.3 Lb/Hr = 0.387% 
Cl out with CXD = 1,730.O Lb/Hr = 11.38 % 
Cl out with Clinker = 19.22 Lb/Hr = 0.006% 
HCl out with flue gas = 177.9 Lb/Hr = 100 ppm 

A 50% gas bypass is estimated to yield: 66,000 dscfm, and 
7.6 TPH CXD 
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5.2 Typical CXD for Model Xiln C 

Typical CXD compositions and rates for each of the model 
plants have been estimated by Passamaquoddy Technology, L.P. 
Below are the estimated CXD analyses and rates for Model Kiln 
C. 

TABLE 3 

Model Kiln C - Tvuical CXD Chemistry 
(in percent) 

5vvm HCL 12vvm HCl 1OOvvm HCl 

SiO, 
A1203 
;>o% 

WO 
so3 
x20 
Na20 
Cl 
LO1 

TPH 

11.1 11.3 15.0 
2.6 2.6 3.5 
1.6 1.6 2.1 

34.3 34.7 46.6 
1.8 1.8 2.4 

11.0 11.0 6.0 
18.0 18.0 7.9 

0.90 0.90 0.60 
14.23 13.66 11.38 

4.5 4.5 4.5 

0.3 0.8 7.6 
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APPENDIX B 

PROCESS CALCULATIONS 



1.0 INTRODDCTION 

It is given that each kiln operates 24 hours/day and 330 
days/year. Using the estimated kiln feed (XF), cement kiln 
dust (CXD), clinker analyses and the given exhaust gas 
analyses, the anions and cations available for reaction may 
be calculated. The by-products produced by the Recovery 
Scrubber may then be calculated. 

2.0 MODEL KILN A 

2.1 MODEL KILN A AT 5 PPM NC1 NNISSION LEVEL 

2.1.1 XF, CXD, CLINXER, AND EXNAUST GAS ANALYSES 

Model Kiln A at 5 PPM HCll 
(in percent) 

Typical Typical 
Kiln Feed Kiln Dust; 

Typical 
Clinker 

SiO, 
Al2o3 
;p 

MgO 
SO3 
X20 
Ha20 
Cl 
LO1 

13.6 13.4 22.0 
3.3 3.9 5.2 
1.9 ,1.8 3.0 

42.8 44.0 65.2 
1.8 1.7 2.9 
0.6 5.4 0.5 
0.66 5.45 0.58 
0.15 0.45 0.22 
0.019 0.29 0.000 

35.5 22.9 0.1 

TPH 125.1 7.5 75 

maust Gas Analvsisi 

Temp (OF) 350 
ACFM 273,000 
DSCFN 147,000 
H20 0 18 
co2 0 15 
02 % 12 
co (mm) 800 
tax (PPm) 400 
so2 (wm) 200 
Particulate(gr/dscf) 0.03 
HC1 (PPm) 5 

'Three kilns combined 
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2.1.2 ANIONS AND CATIONS AVAILABLE 

K20 from CXQ 

[(7.5 tph*O.O545)-(7.8tph*O.O066)]*(2000 lb/T) = 714.5 pounds 

714.1 lb / (94.2 lb/pound mole) = 7.59 pound moles 

a20 from CXQ 

[(7.5 tph*O.O045)-(7.8tph*O.O015)]*(2000 lb/T) = 44.1 pounds 

44.1 lb / (61.98 lb/pound mole) = 0.712 pound moles 

Sulfur from CXQ 

[(7.5 tph*O.O540)-(7.8tph*O.O060)]*(2000 lb/T) = 716.4pounds 

716.4 lb S03/(80 lb S03/pound mole) = 8.96 pound moles 

[(7.5 tph*O.O029)-(7.Stph*0.00019)]*(2000 lb/T) = 40.54pounds 

40.54 lb C1/(35.45 lb Cl/pound mole) = 1.14 pound moles 

Sulfurq 

(314.5 lb/hr)*(0.92 eff.) = 289.34 pounds SO2 

289.34 lb S02/(64 lb S02/pound mole) = 4.52 pound moles 

Chlorine from Stack Scrubbinq 

(4.5 lb/hr)*(0.98 eff.) = 4.41 pounds Cl 

4.41 lb C1/(35.45 lb Cl/pound mole) = 0.124 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine K20 Na20 

8.96 1.14 7.59 0.712 

4.52 0.124 -- -- 

13.48 1.264 7.59 0.712 

Therefore, Recovery Scrubber reaction products would include: 

NaCl Na2S04 K2S04 

Pound Moles per hour 1.264 0.16 7.59 

Pounds per hour 74 23 1,323 

Tons per year 293 90 5,238 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 5.7 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.3%. 

The 5,621 tons of combined salt product would have the 
following analysis as a fertilizer: 

SO4 52% 
Cl 3% 
K 42% 
Na 3% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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SiO, 
A1203 
;;;03 

WO 
503 
K2C 
Na20 
Cl 
LO1 

13.6 13.4 22.0 
3.3 3.9 5.2 
1.9 1.8 3.0 

42.8 44.0 65.2 
1.8 1.7 2.9 
0.6 5.4 0.5 
0.66 5.45 0.58 
0.15 0.45 0.22 
0.046 0.653 0.001 

35.5 22.9 0.1 

TPH 125.1 8.0 75 

2.2 MODEL KILN A AT 12 PPM HCl EMISSION LEVEL 

2.2.1 XF, CKD, CLINKER, AND EXHAUST GAB ANALYSES 

Model Kiln A at 12 PPM HCL1 
(in percent) 

Typical 
Kiln Feed 

Typical 
Kiln Dust 

Typical 
Clinker 

maust Gas Analvsisl 

Temp (OF) 350 
ACFN 273,000 
DSCFM 147,000 
Hz0 % 18 
co2 % 15 
02 % 12 
co (pm) 800 
NOX (PPm) 400 
so2 (ppm) 200 
Particulate(gr/dscf) 0.03 
Ha (PPm) 12 

'Three kilns combined 
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2.2.2 ANIONS AND CATIONS AVAILABLE 

B20 from CKD 

[(8.0 tph*O.O545)-(8.3tph*O.O066)]*(2000 lb/T) = 762.44pounds 

762.4 lb / (94.2 lb/pound mole) = 8.09 pound moles 

m20 from CKQ 

[(8.0 tph*O.O045)-(8.3tph*O.O015)]*(2000 lb/T) = 47.1 pounds 

47.1 lb / (61.98 lb/pound mole) = 0.760 pound moles 

Sulfur from CKQ 

[(8.0 tph*O.O540)-(8.3tph*O.O06)]*(2000 lb/T) = 764.4 pounds 

764.4 lb SO,/(SO lb S03/pound mole) = 9.56 pound moles 

Chlorine from CKQ 

[(8.0 tph*O.O065)-(8.3tph*O.O0046)]*(2000 lb/T) = 96.36pounds 

96.36 lb Clf(35.45 lb Cl/pound mole) = 2.718 pound moles 

Sulfur from Stack Scrubbinq 

(314.5 lb/hr)*(0.92 eff.) = 289.34 pounds SO2 

289.34 lb S02/(64 lb SC2/pound mole) = 4.52 pound moles 

Chlorine from Stack Scrubbinq 

(10.7 lb/hr)*(0.98 eff.) = 10.49 pounds Cl 

10.49 lb C1/(35.45 lb Cl/pound mole) = 0.296 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine K2C Na20 

9.56 2.718 8.09 0.76 

4.52 0.296 -- -- 

14.08 3.014 8.09 0.76 

Therefore, Recovery Scrubber reaction products would include: 

NaCl KC1 K2S04 

Pound Moles per hour 1.52 1.49 7.34 

Pounds per hour 89 111 1,280 

Tons per year 352 441 5,067 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 6.7 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.4%. 

The 5,860 tons of combined salt product would have the 
following analysis as a fertilizer: 

604 
Cl 
K 
Na 

48% 
7% 

43% 
2% 

The chloride content of the combined salt product is 
sufficiently high that potassium sulfate and potassium 
chloride should be crystallized separately to enhance the 
value of the by-products and improve the economics of the 
system. 
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SiO, 
A1203 
;a';03 

WO 
so3 
K20 
Na20 
Cl 
LOX 

13.6 13.4 22.0 
3.2 3.9 5.2 
1.8 1.8 3.0 

42.6 44.0 65.2 
1.7 1.7 2.9 
0.6 5.4 0.5 
0.75 6.45 0.50 
0.15 0.45 0.22 
0.387 4.35 0.006 

35.3 18.5 0.1 

TPH 125.1 10.0 75 

2.3 MODEL KILN A AT 100 PPY HCl EHISSION LEVEL 

2.3.1 KF, CKD, CLINKER, AND EXNAUST GAS ANALYSES 

Model Kiln A at 100 PPM HCll 
(in percent) 

Typical Typical 
Kiln Feed Kiln Dust 

Typical 
Clinker 

&haust Gas Analvsisl 

Temp (OF) 350 
ACFM 273,000 
DSCFN 147,000 
Hz0 % 18 
co2 % 15 
02 % 12 
CO (pm) 800 
Nox (mm) 400 
so2 (ppm) 200 
Particulate(gr/dscf) 0.03 
~1 (PPm) 100 

'Three kilns combined 
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2.3.2 ANIONS AND CATIONS AVAILABLE 

S29 from CKD 

[(lo tph*O.O645)-(10.4tph*0.0075)]*(2000 lb/T) = 1,134 pounds 

1,134 lb / (94.2 lb/pound mole) = 12.04 pound moles 

m20 from CKQ 

[(lo tph*O.O045)-(10.4tph*0.0015)]*(2000 lb/T) = 58.8 pounds 

58.8 lb / (61.98 lb/pound mole) = 0.949 pound moles 

Sulfur from CKQ 

[(lo tph*O.O540)-(10.4tph*0.006)]*(2000 lb/T) = 955.2 pounds 

955.2 lb SO,/(80 lb S03/pound mole) = 11.94 pound moles 

from CKQ 

[(lo tph*O.O435)-(10.4tph*0.00387)]*(2000 lb/T) 1789.5 pounds 

798.5 lb Cll(35.45 lb Cl/pound mole) = 22.27 pound moles 

Sulfur from Stack Scrubbinq 

(314.5 lb/hr)*(0.92 eff.) = 289.34 pounds SO2 

289.34 lb S02/(64 lb S02/pound mole) = 4.52 pound moles 

Chlorine from Stack Scrubbinq 

(89.6 lb/hr)*(0.98 eff.) = 87.81 pounds Cl 

87.81 lb Cll(35.45 lb Cl/pound mole) = 2.48 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine K2C Na20 

11.94 22.27 12.04 0.95 

4.52 2.48 -- -- 

16.46 24.75 12.04 0.95 

Therefore, Recovery Scrubber reaction products would include, 
when removing chlorine by electrolysis: 

K2S04 Na2S04 Cl2 

Pound Moles per hour 12.04 0.95 24.75 

Pounds hour per 2,098 135 877 

Tons per year 8,308 534 3,474 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, and 
chlorine were removed and recovered as gaseous chlorine, 
there would be 3.5 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product. This would result in an acceptable increase 
in the clinker SO3 content of less than 0.2%. 

After chlorine removal, the 8,842 tons of combined salt 
product would have the following analysis as a fertilizer: 

SC4 56% 
Cl Trace 
K 42% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 

-38- 



3.0 MODEL KILN B 

SiO, 
A12o3 
y;o3 

WO 
so3 
K20 
Na20 
Cl 
LO1 

13.7 13.8 22.0 
3.2 3.6 5.0 
1.9 1.7 2.9 

42.2 45.5 64.6 
2.2 2.8 3.6 
0.3 10.5 0.3 
0.65 11.5 0.55 
0.16 0.75 0.22 
0.019 0.54 0.000 

35.6 9.0 0.2 

TPH 125.0 4.0 76 

3.1 MODEL KILN B AT 5 PPM HCl BNISSION LEVEL 

3.1.1 KF, CKD, CLINXER, AND EXHAUST GAS ANALYSES 

Model Kiln B at 5 PPM HCI, 
(in percent) 

Typical 
Kiln Feed 

Typical 
&ln Dust 

Typical 
Clinkez 

Exhaust Gas Analvsis 

Kiln 
Stack 

Temp (OF) 300 
ACFN 196,000 
DSCFN 112,000 
Hz0 % 18 
co2 % 15 

12 
800 
200 
400 

Particulate(gr/dscf) 0.03 
Xl (ppm) 5 

Bypass 
Stack 

450 
65,000 
33,000 

10 
15 
12 

800 
200 
400 

0.03 
5 
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3.1.2 ANIONS AND CATIONS AVAILABLE 

K20 from CKQ 

[(4.0 tph*O.l150)-(4.3tph*O.O065)]*(2000 lb/T) = 864.1 pounds 

864.1 lb / (94.2 lb/pound mole) = 9.173 pound moles 

a,0 from CKD 

[(4.0 tph*O.O075)-(4.3tph*O.O016)]*(2000 lb/T) = 46.24 pounds 

46.24 lb / (61.98 lb/pound mole) = 0.746 pound moles 

Sulfur from CKl2 

[(4.0 tph*O.l050)-(4.3tph*O.O030)]*(2000 lb/T) = 814.2 pounds 

814.2 lb SO,/(SO lb S03/pound mole) = 10.178 pound moles 

Chlorine from CKQ 

[(4.0 tph*O.O054)-(4.3tph*0.00019)]*(2000 lb/T) = 41.57pounds 

41.57 lb C1/(35.45 lb Cl/pound mole) = 1.173 pound moles 

Sulfur from Stack Scrubbinq 

(310.2 lb/hr)*(0.92 eff.) = 285.38 pounds SO2 

285.38 lb S02/(64 lb S02/pound mole) = 4.46 pound moles 

Chlorine from Stack Scrubbing 

(4.4 lb/hr)*(0.98 eff.) = 4.31 pounds Cl 

4.31 lb C1/(35.45 lb Cl/pound mole) = 0.122 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

Prom Exhaust 

Totals 

Sulfur Chlorine K2C Na20 

10.18 1.17 9.17 0.75 

4.46 0.12 -- -- 

14.64 1.29 9.17 0.75 

Therefore, Recovery Scrubber reaction products would include: 

Pound Moles per 

Pounds per hour 

Tons per year 

NaCl Na2S04 K2S04 

hour 1.29 0.11 9.17 

75 15 1,598 

299 59 6,328 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 5.4 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.3%. 

The 6,686 tons of combined salt product would have the 
following analysis as a fertilizer: 

SC4 53% 
Cl 3% 
K 43% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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3.2 MODEL KILN B AT 12 PPN HCl ENISSION LEVEL 

SiO, 
A1203 
y;o3 

wo 
SO3 
K20 
Na20 
Cl 
LO1 

13.7 13.9 22.0 
3.2 3.5 5.0 
1.9 1.9 2.9 

42.2 45.0 64.6 
2.2 2.2 3.6 
0.3 10.5 0.3 
0.65 11.5 0.55 
0.16 0.75 0.22 
0.046 1.29 0.001 

35.6 9.0 0.2 

TPH 125.0 4.0 76 

3.2.1 RF, CXD, CLINXER, AND EmDST GAB ANALYSES 

Model Kiln B at 12 
(in percent)' 

PM HC1 

Typical 
Kiln Feed 

Typical 
J~JQ Dust 

Typical 
Clinker 

Exhaust Gas &&&g&i 

Kiln 
Stack 

Temp (OF) 300 
ACFM 196,000 
DSCR4 112,000 
Hz0 % 18 

15 
12 

800 
200 
400 

Particulate(gr/dscf) 0.03 
HCl (PPm) 12 

Bypass 
Stack 

450 
65,000 
33,000 

10 
15 
12 

800 
200 
400 

0.03 
12 
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3.2.2 ANIONS AND CATIONS AVAILABLE 

E20 from CKQ 

[(4.0 tph*O.1150)-(4.2tph*O.O065)]*(2000 lb/T) = 865.4 pounds 

865.4 lb / (94.2 lb/pound mole) = 9.19 pound moles 

Na29 from CKD 

[(4.0 tph*O.O075)-(4.2tph*O.O016)]*(2000 lb/T) = 46.56 pounds 

46.56 lb / (61.98 lb/pound mole) = 0.751 pound moles 

Sulfur from CKQ 

[(4.0 tph*O.l050)-(4.2tph*O.O03)]*(2000 lb/T) = 814.8 pounds 

814.8 lb S03/(80 lb S03/pound mole) = 10.18 pound moles 

Chlorine from CKQ 

[(4.0 tph*O.O129)-(4.2tph*O.O0046)]*(2000 lb/T) = 99.34pounds 

99.34 lb Cll(35.45 lb Cl/pound mole) = 2.80 pound moles 

Sulfur from Stack Scrubbinq 

(310.2 lb/hr)*(0.92 eff.) = 285.38 pounds SO2 

285.38 lb S02/(64 lb S02/pound mole) = 4.46 pound moles 

Chlorine 

(10.6 lb/hr)*(0.98 eff.) = 10.39 pounds Cl 

10.39 lb Cll(35.45 lb Cl/pound mole) = 0.293 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine K20 Na20 

10.18 2.80 9.19 0.75 

4.46 0.29 -- -- 

14.64 3.09 9.19 0.75 

Therefore, Recovery Scrubber reaction products would include: 

NaCl KC1 K2S04 

Pound Moles per hour 1.50 1.59 8.40 

Pounds per hour 88 119 1,464 

Tons per year 347 469 5,797 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 6.2 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.3%. 

The 6,613 tons of combined salt product would have the 
following simple analysis: 

604 48% 
Cl 7% 
K 43% 
Na 2% 

The chloride content of the combined salt product is 
sufficiently high that potassium sulfate and potassium 
chloride should be crystallized separately to enhance the 
value of the by-products and improve the economics of the 
system. 
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3.3 MODEL KILN B AT 100 PPY HCl EMISSION LEVEL 

SiO, 
A1203 
;y3 

MgO 
SO3 
K2D 
Na20 
Cl 
LO1 

13.5 13.7 22.0 
3.1 3.2 5.0 
1.8 1.9 2.9 

42.0 43.0 64.6. 
2.2 2.2 3.6 
0.5 10.0 0.3 
0.72 11.0 0.60 
0.15 0.75 0.22 
0.382 10.74 0.006 

35.4 4.0 0.2 

TPH 125.0 4.0 76 

3.3.1 KP, CM, CLINKER, AND EXHAUST GAS MTALYSES 

Model Kiln B at 100 PPM HCL 
(in percent) 

Typical Typical Typical 
Kiln Feed m Dust Clinker 

Kiln 
Stack 

Bypass 
Stack 

Temp (OF) 300 450 
ACFM 196,000 65,000 
DSCFM 112,000 33,000 
Hz0 0 18 10 
co2 % 15 15 
02 % 12 12 
co (ppm) 800 800 
so2 (ppm) 200 200 
NOx (mm) 400 400 
Particulate(gr/dscf) 0.03 0.03 
HC1 (mm) 100 100 
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K20 from CKD 

[(4.0 tph*O.llOO)-(4.ltph*O.O072)]*(2000 lb/T) = 821.0 pounds 

821.0 lb / (94.2 lb/pound mole) = 8.72 pound moles 

&,O from CKD 

[(4.0 tph*0.0075)-(4.ltph*O.0015)]*(2000 lb/T) = 47.7 pounds 

47.7 lb / (61.98 lb/pound mole) = 0.770 pound moles 

Sulfur from CIQ 

[(4.0 tph*O.lOOO)-(4.ltph*O.O05)]*(2000 lb/T) = 759.0pounds 

759.0 lb SO,/(80 lb S03/pound mole) = 9.49 pound moles 

Chlorine from Cu 

[(4.0 tph*O.l074)-(4.ltph*O.O0382)]*(2000 lb/T) = 827.9pounds 

827.9 lb Cll(35.45 lb Cl/pound mole) = 23.35 pound moles 

Sulfur from Stack Scrubbinq 

(310.2 lb/hr)*(0.92 eff.) = 285.38 pounds SO2 

285.38 lb S02/(64 lb S02/pound mole) = 4.46 pound moles 

Chlorine from Stack ScruU&lg 

(88.3 lb/hr)*(0.98 eff.) = 86.53 pounds Cl 

86.53 lb Cll(35.45 lb Cl/pound mole) 0 2.44 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine x20 Na20 

9.49 23.35 8.72 0.77 

4.46 . -- -- 

13.95 25.79 9.72 0.77 

Therefore, Recovery Scrubber reaction products would include, 
when removing chlorine by electrolysis: 

*ZSo4 Na2S04 Cl2 

Pound Moles per hour 9.72 0.77 2~5.79 

Pounds hour per 1,520 109 914 

Tons per year 6,017 433 3,620 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 4.5 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.23%. 

After chlorine removal, the 6,450 tons of combined salt 
product would have the following analysis as a fertilizer: 

so4 56% 
Cl Trace 
K 42% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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4.0 MODEL KILN C 

SiO, 
Al203 
Fe203 
CaO 
W' 
SO3 
K20 
Na20 
Cl 
LO1 

13.7 11.1 22.0 
3.2 2.6 5.0 
1.9 1.6 2.9 

42.2 34.3 64.6 
2.2 1.8 3.4 
0.4 11.0 0.9 
0.60 18.0 0.95 
0.10 0.90 0.16 
0.019 14.23 0.000 

35.6 4.5 0.2 

TPH 250 0.3 152 

4.1 MODEL KILN C AT 5 PPW EC1 IZNISSION LEVEL 

4.1.1 KB, CKD, CLIN?XR, AND EXHAUST GAS ANALYSES 

Model Kiln C a PPM HC1 
(in percten?t) 

Typical 
Kiln Feed 

Typical 
Kiln Dust 

Tyyical 
Clinker 

Exhaust Gas Analvsis 

Kiln 
Stack 

Temp (OF) 300 
ACFM 509,000 
DSCFM 289,360 
H20 % 18 
co2 % 15 
02 % 12 

:: ('g:, 
800 

NOi (PPW 
200 
400 

Particulate(gr/dscf) 0.03 
HCl (PPW 5 

Bypass 
Stack 

450 
5,200 
2,640 

10 
15 
12 

800 
200 
400 

0.03 
5 
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4.1.2 ANIONS AND CATIONS AVAILABLE 

B20 from CKD 

[(0.3 tph*0.180)-(0.25 tph*0.006)]*(2000 lb/T) = 105.0 pounds 

105.0 lb / (94.2 lb/pound mole) = 1.11 pound moles 

a20 from CKD 

[(0.3 tph*0.009)-(0.25 tph*0.001)]*(2000 lb/T) = 4.90 pounds 

4.90 lb / (61.98 lb/pound mole) = 0.079 pound moles 

Sulfur from CKD 

[(0.3 tph*O.llO)-(0.25 tph*0.004)]*(2000 lb/T) = 64.00 pounds 

64.0 lb S03/(80 lb S03/pound mole) = 0.800 pound moles 

Chlorine from C!JQ 

[(0.3tph*O.l423)-(0.25tph*0.00019)]*(2000 lb/T) = 85.28pounds 

85.28 lb Clj(35.45 lb Cl/pound mole) = 2.41 pound moles 

Sulfur from Stack Scrubbinq 

(624.7 lb/hr)*(0.92 eff.) = 574.72 pounds SO2 

574.72 lb S02/(64 lb S02/pound mole) = 8.98 pound moles 

Chlorine from Stack Scrubbinq 

(8.9 lb/hr)*(0.98 eff.) = 8.72 pounds Cl 

8.72 lb Cl/(35.45 lb Cl/pound mole) = 0.25 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Sulfur Chlorine *20 Na20 

0.80 2.41 1.11 0.08 

8.98 0.25 -- -- 

Totals 9.78 2.66 1.11 0.08 

Therefore, Recovery Scrubber reaction products would include, 
when removing chlorine by electrolysis: 

*ZSo4 Na2S04 Cl2 

Pound Moles per hour 1.11 0.08 2.66 

Pounds hour per 193 11 94 

Tons per year 766 45 373 

As these calculations indicate, if all.of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 8.6 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SOj content of about 0.23%. 

After chlorine removal, the 811 tons of combined salt product 
would have the following analysis as a fertilizer: 

so4 56% 
Cl Trace 
K 42% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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4.2 NODEL KILN C AT 12 PPM EC1 NNISSION LEVEL 

SiO, 
A12o3 
Fe203 
CaO 
MN 
SC3 
*20 
Na20 
Cl 
LO1 

13.7 11.3 22.0 
3.2 2.6 5.0 
1.9 1.6 2.9 

42.2 34.7 64.6 
2.2 1.8 3.6 
0.4 11.0 0.9 
0.60 18.0 0.90 
0.10 0.90 0.16 
0.046 13.66 0.001 

35.6 4.5 0.2 

TPH 250 0.76 152 

4.2.1 KP, CKD, CLINKER, AND EXEAUST GAS ANALYSES 

Model Kiln C at 12 PPM HCL 
(in percent) 

Typical 
Kiln Feed 

Typical 
Kiln Dust 

Typical 
Clinker 

&haust Gas AnalvsB 

Kiln Bypass 
Stack Stack 

Temp (OF) 300 450 
ACFM 509,000 13,000 
DSCEW 285,400 6,600 
H20 % 18 10 
co2 % 15 15 
02 % 12 12 

::, ;;r; 
800 800 

m 200 200 
NOx (PPm) 400 400 
Particulate(gr/dscf) 0.03 0.03 
HCl (PPm) 12 12 
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4.2.2 ANIONS AND CATIONS AVAILABLE 

K2 -from 

[(0.76tph*O.l80)-(0.63tph*O.O06)]*(2000 lb/T) = 266.04pounds 

266.04 lb / (94.2 lb/pound mole) = 2.82 pound moles 

&,O from CKQ 

[(0.76tph*O.O09)-(0.63tph*0.001)]*(2000 lb/T) = 12.42 pounds 

12.42 lb / (61.98 lb/pound mole) = 0.20 pound moles 

Sulfur from CKQ 

[(0.76 tph*O.llO)-(0.63tph*O.O04)]*(2000 lb/T) = 162.2 pounds 

162.2 lb SO,/(SO lb S03/pound mole) = 2.03 pound moles 

[(0.76tph*O.l366)-(0.63tph*0.00046)]*(2000 lb/T) = 207.lpound 

207.1 lb C1/(35.45 lb Cl/pound mole) = 5.84 pound moles 

Sulfur from Stack Scrubbinq 

(624.7 lb/hr)*(0.92 eff.) = 574.72 pounds so2 

574.72 lb SO2/(64 lb S02/pound mole) = 8.98 pound moles 

Chlorine from Stack Scrubbinq 

(21.3 lb/hr)*(0.98 eff.) = 20.87 pounds Cl 

20.87 lb C1/(35.45 lb Cl/pound mole) = 0.59 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

sulfur Chlorine *20 Na20 

2.03 5.84 2.82 0.20 

8.98 0.59 -- -- 

11.01 6.43 2.82 0.20 

Therefore, Recovery Scrubber reaction products would include, 
when removing chlorine by electrolysis: 

*Zso4 Na2S04 Cl2 

Pound Moles per hour 2.82 0.20 6.43 

Pounds hour per 491 28 228 

Tons per year 1,946 112 903 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 8 pound moles of sulfur remaining which would 
be returned to the kiln and incorporated into the clinker 
product which would result in an acceptable increase in the 
clinker SO3 content of about 0.21%. 

After chlorine removal, the 2,058 tons of combined salt 
product would have the following analysis as a fertilizer: 

so4 56% 
Cl Trace 
K 42% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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4.3 MODEL KILN C AT 100 PPM HCl EMISSION LEVEL 

Sio, 
A1203 
;g3 

MgO 
so3 
*20 
Na20 
Cl 
LO1 

13.6 15.0 22.0 
3.2 3.5 5.0 
1.9 2.1 2.9 

42.0 46.6 64.6 
2.2 2.4 3.6 
0.5 6.0 0.7 
0.60 7.9 0.62 
0.10 0.60 0.14 
0.384 11.38 0.006 

35.6 4.5 0.2 

TPH 250 7.6 152 

4.3.1 KP, CKD, CLINKER, AND EXNAUST GAS ANALYSES 

Model Kiln C at 100 PPM HCl 
(in percent) 

Typical 
Kiln Feed, 

Typical 
Kiln Dust 

Typical 
Clinker 

Exhaust Gas Analvsis 

Kiln 
Stack 

Temp (OF) 300 
ACFM 509,000 
DSCFM 226,000 
H20 % 18 
co2 % 15 
02 % 12 

:: (';;:,' 
800 

NO: (PPm) 
200 
400 

Particulate(gr/dscf) 0.03 
HCl (PPm) 100 

Bypass 
Stack 

450 
129,500 

66,000 
10 
15 
12 

800 
200 
400 

0.03 
100 
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4.3.2 ANIONS AND CATIONS AVAILABLE 

K20 from CKD 

[(7.6 tph*0.079)-(8.4 tph*0.006)]*(2000 lb/T) = l,lOO.Opounds 

1,100.O lb / (94.2 lb/pound mole) = 11.68 pound moles 

m20 from CKD 

[(7.6 tph*0.006)-(8.4 tph*0.001)]*(2000 lb/T) = 74.40 pounds 

74.4 lb / (61.98 lb/pound mole) = 1.20 pound moles 

Sulfur from CKD 

[(7.6 tph*0.060)-(8.4 tph*0.005)]*(2000 lb/T) = 828.0 pounds 

828.0 lb SO,/(80 lb S03/pound mole) = 10.35 pound moles 

Chlorine from CKQ 

[(7.6tph*O.l138)-(8.4tph*O.O0384)]*(2000 lb/T) =1,665.2pounds 

1,665.2 lb Cll(35.45 lb Cl/pound mole) = 46.97 pound moles 

Sulfurq 0 

(624.7 lb/hr)*(0.92 eff.) = 574.72 pounds SO2 

574.72 lb S02/(64 lb S02/pound mole) = 8.98 pound moles 

Chlorine from Stack Scrub.b.& 

(177.9 lb/hr)*(0.98 eff.) = 174.34 pounds Cl 

174.34 lb Cll(35.45 lb Cl/pound mole) = 4.92 pound moles 
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It then follows that, anions and cations available for use in 
the Recovery Scrubber (in pound moles per hour) would be: 

From CKD 

From Exhaust 

Totals 

Sulfur Chlorine *20 Na20 

10.35 46.97 11.68 1.20 

a.98 4.92 -- -- 

19.33 51.89 11.68 1.20 

Therefore, Recovery Scrubber reaction products would include, 
when removing chlorine by electrolysis: 

*ZSo4 Na2S04 Cl2 

Pound Moles per hour 11.68 1.20 51.98 

Pounds hour per 2,035 170 1,843 

Tons per year 8,060 675 7,297 

As these calculations indicate, if all of the CKD produced 
were recycled after being treated in a Recovery Scrubber, 
there would be 6.45 pound moles of sulfur remaining which 
would be returned to the kiln and incorporated into the 
clinker product which would result in an acceptable increase 
in the clinker SO3 content of about 0.17%. 

After chlorine removal, the 8,735 tons of combined salt 
product would have the following analysis as a fertilizer: 

SC4 56% 
Cl Trace 
K 41% 
Na 2% 

This product would be acceptable for sale as potassium 
sulfate fertilizer. 
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1.0 INTRODUCTION 

Environmental Science Services was contracted by MEC Company (Neodesha, KS) and 

Passamaquoddy Technology (Thomaston, ME) to evaluate the removal efficiency of a-pineue 

using a pollution control reactor system located at the Dragon Products Company facility in 

Thomaston, ME. The cy-pinene was injected downstream of the particulate control device (bag 

house) but before the equipment used for sulfur dioxide and carbon dioxide emission control. 

The concentration of a-pinene was then quantified in the stack which is located downstream of 

the reactor vessel. 

Testing was conducted on September 1 and 2, 1993, by David Adelman, Kenneth Otis and 

Charles Farrell of ESS. Observers on-site for MEC were Mike Hudson and Kevin Kaff. 

Assistance during the test was provided by Dr. Garrett Morrison and Roger Turcotte of 

Passamaquoddy Technology. 
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2.0 RESULTS 

Testing of removal efficiency for ol-pinene was conducted on September 1, 1993 by injecting 

a metered quantity of a-pinene and measuring the concentration in the stack after the control 

device. Because of the possible importance of ammonia in the removal process, testing for the 

presence of ammonia was conducted on September 2. 

2.1 Alpha-Pinene 

Three l-hour tests were conducted to determine reactor efftciency in the removal of o- 

pmene. One test was conducted while the system was operated under normal conditions. 

Fifteen pounds of a surfactant (Pluronic L-101, BASF Corp.) was then added to the 

reactor liquid circulation system. After one hour, to allow for mixing of the surfactant 

into the system, the reactor was tested two more times. 

The amount of a-pinene added to the system was quantified by gauging the liquid level 

in the 55-gallon drum being used as a reservoir. The material (92% pure) was injected 

into the reactor inlet ducting as a spray using an airless sprayer. 

The concentration of cr-pinene exiting the reactor was quantified by collecting composite 

samples .in Tedlar bags over the course of the hour tests. The sample point was located 

on the stack downstream of the reactor. Concentrations were measured using a flame 

ionixation detector calibrated using propane. A relative response factor for cr-pinene vs. 

propane was measured to be 3.5:1. 

The flow rate of me exiting gas stream was quantified by measuring stack flow at 20 

points located on two traverses during each test. These flow rates, in combination with 

Lu-pinene injection rates, were used to quantify reactor inlet concentrations. 
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Comparison of inlet and outlet concentrations presented in Table 2.1 indicate that the 

reactor efficiency was 72% without using surfactant and increase to 75 to 83% while 

using surfactant. Calculation of these values can be found in Appendix A, Table 4. 

In addition to monitoring stack concentrations, liquid samples were collected from the 

recuperator and the reactor storage tank. They were analyzed for or-pinene and volatile 

organic compounds, so that degradation products of ol-pinene would be found if chemical 

reactions were involved in its removal. Although no cy-pinene was found in any sample 

(method detection limit of 5 pg/l) acetone was found in all samples while methyl ethyl 

ketone was found in the recuperator sample and methylene chloride and toluene were 

found in one of the reactor storage tank samples. These results are attached in Appendix 

C. 
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Table 2.1. Passamaquoddy Technology Reactor Removal 

Efficiency for wpinene as determined on 1 Sept. 1993. 

3 4.22 1.17 72.3 

4 14.68 2.49 83.1 

5 13.13 3.34 

Run Nos. 1 & 2 were conducted for stack flow rate determination only. 

74.5 
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2.2 Ammonia 

The concentration of ammonia at the reactor inlet and outlet was monitored on 2 

September. Three l-hour runs were conducted with sampling occurring simultaneously 

at the inlet and outlet. A US EPA draft method was employed which consists of 

bubbling a sample of gas at a rate of 1 liter per minute through three midget impingers 

containing 15 ml each of 1N I-&SO,. 

Ammonia was found in the inlet at concentrations ranging from 0.095 to 0.148 mg/dscf. 

Outlet concentrations were found to range from 0.22 to 0.37 mg/dscf. Calculation of 

concentrations can be found in Appendix A, Tables 2A and 3A. 
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3.0 AMETHODS 

Alpha-pinene was spray injected into the gas stream in a duct up-stream of the induced draft fan 

leading to the recuperator. The injection rate of o-pinene varied from 100 to 300 ml/mm but 

was constant during each test and quantities were measured according to the liquid level in the 

drum. Gas flow coming from the cement kiln varied during the tests from 167,ooO to 192,000 

ACFM as measured in the stack. The calculated concentration of a-pinene, therefore, varied 

from 4.22 to 14.68 ppmv during these tests as shown on Table 2.1. 

A reactor inlet monitoring point was located up stream of a second draft blower. It was 

intended that the concentration measured at this location would be used for determination of 

cr-pinene loading to the reactor. The concentration found at this location was far below expected 

values and was unstable. The reason for the discrepancy was not determined. It was, therefore, 

necessary to use changes in liquid level in the drum holding the or-pinene to determine inlet 

concentrations. 

The outlet monitoring point was located on the stack. Samples were collected in Tedlar bags 

as composites over the course of each hour of testing. Samples were then analyzed using a 

Therm0 Environmental Instruments, Inc., Model 51 Total Hydrocarbon Analyzer. The 

instrument was calibrated using an EPA Protocol One propane in air standard at a concentration 

of 29.8 ppm. The instrument was zeroed using zero grade air. Instrument response was 

checked at the end of each l-hour run. The response factor of the instrument to a-pinene 

relative to propane was determined in the laboratory by preparing a 1O~ppm concentration in a 

Tedlar bag and measmin g instrument response after calibrating with propane. The response 

factor was found to be 3.5 to 1. 

In order to determine if the reactor system had any major leaks which could bias results, a 

sample of gas was collected at the inlet and outlet locations simultaneously. The samples were 
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analyzed for oxygen and carbon dioxide by Orsat analysis. It was found that oxygen increased 

from a concentration of 11 .O% to 11.3 % .across the unit. A slight infusion of air into the system 

was indicated. Carbon dioxide concentration across the reactor was found to decrease from 

15.8% to 14.5%, which was in line with the expected decrease due to chemical reactions taking 

place in the reactor being tested. 

Ammonia was quantified at the inlet and outlet of the reactor simultaneously. In addition to 

being used for ammonia analysis, these samples were used for measurement of moisture content 

of the two gas streams for calculation of dry standard flow conditions. The inlet concentration 

was found to average 24% while the outlet concentration averaged 27% moisture. 
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Table No. 1A. PTech, Thomaston, ME. A-pinene sampling, 1 Sept. 1993, 

Parameter 
RUN DATA 

Units Results 

Location 
Run No. 
Date 
Start Time 
End Time 

Stack 
1 

a/31 193 
4:45 
51.5 

Stack 
2 

9/l/93 
9:oo 
9:20 

Stack 
3 

9/l I93 
2:45 
3:lO 

STACK DATA 
Diameter Ft. 
Temp. F 
Press. In WC 
Bar. Press. In Hg 
Delta P. sqfl 

TRAIN DATA 
Nozzle ID In. 
Meter Y Frac. 
Pitot Cp Frac. 

SAMPLE DATA 
Smple Time Min. 
Volume Cu. Ft. 
Meter Temp F 
Delta H In WC 

CATCH DATA 
Carb. Diox. % 
Oxygen % 
Water ml 
a-pinene wm 

COMPOSITION 
Water SCF 
Sample SCF 
Moisture Frac. 
Gas Frac. 
MW Dry g/g-mole 
MW Stack g/g-mole 

FLOW 
Velocity FPS 
Volumetric ACFM 

12.00 
148 

0.03 
29.92 

0.39 

0.84 

12.00 
148 

0.04 
29.92 

0.46 

0.84 

12.00 
148 

0.04 
29.92 

0.41 

0.84 

Stack Stack 
4 5 

9/l 193 9/l I93 
4:45 545 
5145 6:45 

12.00 12.00 
149 150 

0.01 0.01 
29.92 29.92 

0.40 0.41 

0.84 0.84 

14.5 14.5 14.5 14.5 14.5 
11.3 11.3 11.3 11.3 11.3 

0.273 0.273 0.273 0.273 0.273 
0.727 0.727 0.727 0.727 0.727 

30.772 30.772 30.772 30.772 30.772 
27.285 27.285 27.285 27.285 27.285 

24.2 28.5 25.4 24.8 25.5 
163,921 193,340 172,325 166,266 172.614 



Table No. 2.A. PTech, Thomaston, ME. Ammonia sampling, 2 Sept. 1993. 

Parameter 
RUN DATA 

Units Results 

Location Stack Stack Stack 
Run No. 1 2 3 
Date 912193 g/2/93 912193 
Start Time 7:50 9:20 10:45 
End Time 850 IO:20 11:45 

STACK DATA 
Diameter Ft. 
Temp. F 
Press. In WC 
Bar. Press. In Hg 
Delta P. SW 

TRAIN DATA 
Nozzle ID Ifl. 
Meter Y Frac. 
Pitot Cp Frac. 

SAMPLE DATA 
Smple Time Min. 
Volume Cu. Ft. 
Meter Temp F 
Delta H In WC 

CATCH DATA 
Carb. Diox. % 
Oxygen % 
Water ml 
Ammonia mg 

COMPOSITION 
Water SCF 
Sample SCF 
Moisture Frac. 
Gas Frac. 
MW Dry g/g-mole 
MW Stack g/g-mole 
Ammonia mg/dscf 

12.00 12.00 12.00 
148 149 150 

0.03 0.03 0.03 
29.92 29.92 29.92 

0.13 
1.00 
0.84 

60 60 60 
2.375 2.375 2.375 

75 75 75 

14.5 14.5 14.5 
11.3 11.3 11.3 
17.8 18.9 19.5 
0.74 0.87 0.52 

0.838 0.890 0.918 
2.343 2.343 12.343 
0.263 0.275 0.282 
0.737 0.725 0.718 

30.772 30.772 30.772 
27.408 27.257 27.177 

0.312 0.368 0.220 

0.13 
1.00 
0.84 

0.13 
1.00 
0.84 



Table No. 3A. PTech, Thomaston, ME. Ammonia sampling, 2 Sept. I 333 

Parameter 
RUN DATA 

Units Results 

Location Inlet Inlet Inlet 
Run No. 1 2 3 
Date 912193 912193 912193 
Start Time 7:50 9:20 10:45 
End Time 8:50 10:20 11145 

STACK DATA 
Diameter Ft. 
Temp. F 
Press. In WC 
Bar. Press. In Hg 
Delta P. SW 

TRAIN DATA 
Nozzle ID In. 
Meter Y Frac. 
Pitot Cp Frac. 

SAMPLE DATA 
Smple Time Min. 
Volume Cu. Ft. 
Meter Temp F 
Delta H In WC 

CATCH DATA 
Carb. Diox. % 
Oxygen % 
Water ml 
Ammonia mg 

COMPCSITIOI’j 
Water SCF 
Sample SCF 
Moisture Frac. 
Gas Frac. 
MW Dry g/g-mole 
MW Stack g/g-mole 
Ammonia mgldscf 

12.00 12.00 12.00 
260 259 264 
0.05 0.05 0.05 

29.92 29.92 29.92 

0.13 
1.00 
0.84 

60 60 60 
2.290 2.290 2.290 

75 75 75 

15.8 15.8 15.8 
11.0 11.0 11.0 
13.4 15.2 16.1 
0.34 0.27 0.22 

0.631 0.715 0.758 
2.259 2.259 2.259 
0.218 0.241 0.251 
0.782 0.759 0.749 

30.968 30.968 30.968 
28.138 27.849 27.711 

0.148 0.117 0.065 

0.13 
1.00 
0.84 

0.13 
1.00 
0.84 



Table 4A. PTech, Thomaston, ME. A-Pinene injection. 1 Sept. 1993 

Parameter Units 
Liquid Drop cm 2.06 7.62 6.98 

Volume 

Time 

Liquid Injection 

Vapor Injection 

Stack Flow 

Inlet Cont. 

Outlet Response 

Outlet Cont. 

ml 

min 

ml/min 

DSCFM 

DSCFM 

wm 

wm 

wm 

5,053 18,692 17,122 

55 60 60 

91.88 311.53 285.36 

0.459 1.557 1.427 

108,807 106,062 108,624 

4.22 14.68 13.13 

4.10 8.70 11.70 

1.17 2.49 3.34 

Efficiency % 72.3 
Run Nos. 1 and 2 were conducted for :‘low data only. 

83.1 74.5 



APPENDIX B 

Field Data Sheets 



Neodesha. Kansas U.S.A. 

Job No. Location 77c‘wM5m, &L Sht. No. / of 

f\f II//o3 cr, 
1;: (&ye 

~ / ; : 
I 

: (, ,‘Iji tji’;’ 

/f7&=; ~ /ye; 
a!~,, /i, 

: / / ‘,yy y I I ,q9;; 
: ( 

: ! / : 
,/,::‘/:, ~ ‘: 
i” 

- Ad&dfVN(P flr?~ 

lZ4//97fC ; i l&J ~ 
ayl@+k., / :/so ~ 

4: 
4 00 3o’w.-lor/tMr 
OOP ! ,9.38” ~4&,000 : I ~ L7/ f, ~ ; ; g.5$& ; j i ,50 

i I 

4: r5’r 
4:30 p 
d:QsP 
3:ooGJ 

5: 1sP 
5:Jup: 

s-y3 P 
) 

G:oop ~ 
c;y j 

,6$3Jp! I 
Jw~ / 
,; r:ou< / 

,: 8, 
z,; 

I 
,,,:I 

rot 95/ 
‘i-l r25.. 
12. I2 

,I2 * 75 
13. <a : ! .! _-. : ., 

g%y ~ 
I4 7s; :. : 

s : 

:., 
/ . 

I ,, 
: 

271,: 
271 ” 

L7l 

.: 2 71” ; : ‘, 

;. ;p/ I : ;i, ( 
,:, ~,~ 

2N 

;27l 

L7f 

271. 

f?l 

,/q//jq+Ic I /50* 

lly/lqt y i ISob 

I2o//yi I( : ISa0 

IWf?/F ISg 

\ 



Neodesha. Kansas U.S.A. 
Job No. Location 



Job No. 

Neoderha. Kansas U.S.A. 

Location 

Customer 

Sht. No -of 

I. i I i 3, 
‘)! R 

Q&‘9 i : 
9 

L- 

:, \‘,JO ! r;’ 



,- dJ - - s;z: =?a>> 

I: 
\ 

‘i 
, ” 

3 t 
;3 
* ; 

;j ‘ 
3C 

51 

?$ 
dc 

- P 

3 
t 

:: 
I : 

f! 
6( 

I / 

I c 

9 c 

3 ( 

G;: 
r. 

sb 
/ 

0; 

rJ I’ 

3 
a 

1 I 
* . 

, 

l . 
:* 

I ’ 

3 

.s . 

; 
:’ 
Id 

co . 



ri 
[i 

n 

f ( 

- I 



‘Sr 
-I: 

s+ 
: ‘: 
QQ 

00 

. 



i ;z 
)pd 

, :z? r s 

r -J ‘lc --c 
; idc J c 

f -3 no* c 

- . 

‘i 
P: 
- . 

. 

51 

9 r 

I 

i 

;; 

-< 

: 
I 
> 

: I 
, 

I 

--I 

- 



- 

- 
a 
Ti 
Q 

I9 
:5: 
7” J 

j.? i 

: ,j 
!Z 
!c:- 
,a 

I 
‘IJ- 1 r;‘r iQ( 



Lmpinger Catch Data 

Date: 9/-t /9 3 

Plant: ‘;3-a%=” sd..JkD 

Test No.: 3 -L--h& 

Impinger # Content Final Wt Initial wt Difference 

1 \SA \-ON w-q \06.3 !91.7- 

930 9-L.* 
2 ” 

9l.V 9l.W 
3 0 

92.r 91. ck 
4 5, GA 

3%3.3- 3G7.-& ‘. \b .\ 

Totals 

8170353A 



Lmpinger Catch Data 

Date: 9/-L / 9 3 

plant: 3m3an ?r&Jb 

Test No.: 3 sf a A\ 

Impinger # Content Final WL lnitiaf wt Difference 

1 \ -TN\ \N v,‘ss, iQ7.3 9% +jj 

2 *, 90.3 90.X 

3 t1 s9.0 s9.3 

4 5, 
GA 31.\ 9o.q 

\ 

Totals 377.7 - 36%,7, : 9.7 

8170353A 



Impinger Catch Data 

Date: 9/z/9 3 

Plant: -il- w-y - P- Gb 

Test No.: 2- - I-A& 

Impinger # Content Final WL Initial wt Difference 
i 

1 \s,Q\ \N k-4 \o 4.7 90.7 

2 ” 9-L.\ 9z.a 

3 
\I 92.0 91.7 

Totals -590* 3 - 3 GC;\ ‘1 \<.-L 

8170353A 



Impinger Catch Data 

Date: 2 54 9 3 

Plant: 3 c a y” TX&2 

Test No.: z - S+.k 

Lmpinger # Content Final Wt Initial Wt Difference 
2 

! I. 

1 Kw\ \N h&Q* is3.7 x9.7 

2 \> QLC. 3 90.3 

3 1, 
55.7 Y5.5’ 

4 5, GA Ia.% 9-*2 

37cc.) - ‘sS-<,t = IQ-,9 
Totals 

8170353A 



Impinger Catch Data 

Date: \- 2 %k 9 3 ‘~ 

Plant: ‘3 c q-l Q AN ka 

Test No.: \ -%A.& 

Impinger # Content Final wt. Initial wt Difference 

1 \<A \ rJ ‘4rSOy 10-a .a 30.3 

2 1, 72.2 91.5% 

3 \* S5r.G s 7.7 

4 5, CA 72.7 92.4 

37G.3- 36\.9 -. j3.9 
Totals 

8170353A 



Impinger Catch Data 

Date: \-Z w 93 

Plant: 3 F ayn QC-a* -t 

Test No.: \ ’ S*O. ck 

Impinger # Content Final wt Initial Wt Difference 
2 

1 \S,\ \N b-y \a?. 6 90.6 

2 \1 9j.7 91. l+ 

3 \I 2.s.v ST.% 

4 5, La sf 7.57 sti.0 

Totals 
375.6 - 3r7.q ‘. \?,% 

8170353A 
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In Response ToTne Future 

CERTIFICATE OF ANALYSIS 

Client: Environmental Science Services 

Client Project ID: P Tech Test 

Client Sample ID: Recouperator-1 

Date Sample Received: g/3/93 

ESS Project ID: 932716 

ESS Sample ID: 932716-09 

Date Reported: g/24/93 

Parameter Results Units MRL Method 

Pinene 

Volatile Organice 
Acetone 
Methyl Ethyl Ketone 

ND W/L 5 GC/MS 

610 W/L Attached 8260 
130 U9/L Attached 8260 

ND = Not Detected above Method Reporting Limit (MRL) 

Approved by Date: 

Environmental Science Services 
532 Awells Avenue. Providence. Rhode bland 02909 (401) 421-0398 Fax. (401) 421-S731 



In Response To The Future 

CERTIFICATE OF ANALYSIS VOLATILE ORGANICS 
Method 8260 

Client: Environmental Science Services 
Client Project ID: P Tech Test 
Client Sample ID: Recouperator-1 
Date Sampled: NA 

Date Analyzed: g/17/93 

ESS Project ID: 932716 
ESS Sample ID: 932716-09 
Dilution Factor: lx 

Units: W/L 

Parameter Result MRL 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 
l,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
Methyl tert-Butyl Ether 
Cis-1,2-Dichloroethene 
Trans-1,2-Dichloroethene 
l,l-Dichloroethane 
Methyl Ethyl Ketone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
Cis-1,3-Dichloropropene 
Methvl Isobutvl Ketone 
Toluene 
Trans-1,3-Dichloropropene 
1.1.2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
Xylenes (Total) 
Styrene 
Bromofonn 
1,1,2,2-Tetrachloroethane 
Dichlorobenzene (Total) 

10 

ii 
5 

50 
5 
5 

z 
10 

5 
5 

10 

NA = Not Available 
ND = Not De rtinq Limit (MRL) 

Approved by: 
Environmental Scienc 

532 Acwells Avenue. Providence. Rhode Island 02909 (401) 421-0398 Fax. (401) 4X21-5731 

TT. 
. 



In Response ToThe Future 

CERTIFICATE OF ANALYSIS 

Client: Environmental Science Services 

Client Project ID: P Tech'Test ESS Project ID: 932716 

Client Sample ID: Rector Strq-1 ESS Sample ID: 932716-10 

Date Sample Received: g/3/93 Date Reported: g/24/93 

Parameter Results Units MRL Method 

Pinene ND W/L 5 GC/MS 

Volatile Organics 
Acetone 70 U9/L Attached 8260 

ND = Not Detected above Method Reporting Limit (MRL) 

Approved by: Date: 

Gwironmental Science Se&ices 7. ,..-. 
532 Arwella Avenue. Providence. Rhode Island 02909 (401) 421.0398 Fax. (401) 421-5731 

2. -, 



In Response To The Future’ 

CERTIFICATE OF ANALYSIS VOLATILE ORGANICS 
Method 6260 

Client: Environmental Science Services 
Client Project ID: P Tech Test 
Client Sample ID: Reactor Strg-1 
Date Sampled: NA 

Date Analyzed: g/17/93 

ESS Project ID: 932716 
ESS Sample ID: 932716-10 
Dilution Factor: lx 

Units: w/L 

Parameter Result MRL 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 
l,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
Methyl tert-Butyl Ether 
Cis-1,2-Dichloroethene 
Trans-1,2-Dichloroethene 
l,l-Dichloroethane 
Methyl Ethyl Ketone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
Cis-1,3-Dichloropropene 
Methvl Isobutvl Ketone 
Toluene 
Trans-1,3-Dichloropropene, 
1.1.2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
Xylenes' (Total) 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 
Dichlorobenzene '(Total) 

ND 10 
10 

ii 10 
E 10 

5 
ND 5 

lTEl 
ND 
ND 
ND 
ND 
ii 
E 
ND 
Liz 
ND 
ND 
E 
Z-E 
ND 

50 

z 
10 

z 

5; 
5 
5 
5 
5 
5 
5 
5 
5 
5 

i-iz 
ND 

iii 
ND 
ND 
ND 
ND 
ND 
ND 

50 

: 
5 
5 

50 
5 

: 
5 

10 
5 
5 

10 

NA = Not Available 
ND = Not Detected above Method Reporting Limit (MRL) 

Approved by: 
3nvironmental Scienc 

Date: /p &k, 
-/A' 

532 Atwells Avenue. Providence, Rhode Island 02909 (401) 421.0398 Fax. (401) 421-5731 



In Resmnse To The Future 

CERTIFICATE OF ANALYSIS 

Client: Environmental Science Services 

Client Project ID: P Tech Test 

Client Sample ID: Rector Strg-2 

Date Sample Received: g/3/93 

ESS Project ID: 932716 

ESS Sample, ID: 932716-11 

Date Reported: g/24/93 

Parameter Results Units MRL Method 

,.i PiIl0Xl0 ND w/L 5 GC/MS 

Volatile Organica 
.J? Acetone 75 w/L Attached 8260 

Methylene Chloride 5 w/L Attached .a260 
Toluene 9 ug/L Attached 6260 

. ND = Not Detected above Method Reporting Limit (MRL) 

Approved by: Date: &Y /%+I 

%vironmental Science 
J/7" 

532 A~welk Avenue, Providence. Rhode Island 02909 (401) 421-0398 Fax. (401) 47.1-5731 



In R~SDLXIS~ To The Future 

CERTIFICATE OF ANALYSIS YOLATILE ORGANICS 
Method 8260 

Client: Environmental Science Services 
Client Project ID: P Tech Test 
Client Sample ID: Reactor Strg-2 
Date Sampled: NA 

Date Analysed: g/17/93 

ESS Project ID: 932716 
ESS Sample ID: 932716-11 
Dilution Factor: lx 

Units: X/L 

Parameter Result MRL 

Chloromethane 
Vinyl Chloride E 

10 
10 

i Bromomethane 10 
Chloroethane E 10 
Trichlorofluoromethane 5 
l,l-Dichloroethene it 
Acetone 75 5: 
Carbon Disulfide 
Methylene Chloride 
Methyl tert-Butyl Ether 
Cis-1,2-Dichloroethene 
Trans-1,2-Dichloroethene 
l,l-Dichloroethane 
Methvl Ethvl Ketone 
Chloi-oform- 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane K 2 
Trichloroethene ND 
,1,2-Dichloropropane 2 
Bromodichloromethane i-i 5 
Cis-1,3-Dichloropropene ND 
;~4;~;eIsobutyl Ketone ND 5: 

9 
Trans-1,3-Dichloropropene : 
1,1,2-Trichloroethane Ei 
Tetrachloroethene 2 
2-Hexanone iz 50 
Dibromochloromethane ND 
Chlorobenzene ND : 
Ethylbenzene 

1 Xylenes (Total) ii 
5 

Styrene ND 1: 
Bromoform ND 5 
1,1,2,2-Tetrachloroethane ND 5 
Dichlorobenzene (Total) ND 10 

NA = Not Available 
ND 3 Not Detect& above Method.Reporting Limit (MRL) 

Approved by: 
Environmental Scienc 

532 Atwells Avenue. Providence. Rhode Island 02909 (401) 421.0398 Fax. (401) 421,573~ 



In Response To The Future 

CERTIFICATE OF ANALYSIS 
VOA AQUROUS SURROGATE RECOVERY 

Client: Environmental Science Services Client 
Project ID': P Tech Testy 

Date Sample Analyzed: g/17/93 ESS 
Project ID: 932716 

SAMPLE ID 1,2 DICHLOROETHANB-D4 TOLUENE-DB BFB 
(76-114%)* (86-llO%)* (86-115%)* 

V0917Bl 108% 100% 105% 
932716-09 104 103 103 
932716-10 94 107 107 
932716-11 101 110 115 

* Acceptance criteria 



In Response To The Furuie 

CERTIFICATE OF ANALYSIS VOLATILE ORGANICS 
Method 8260 

Client: Environmental Science Services 
Client Project ID: P Tech Test 
Client Sample ID: Method Blank 
Date Sampled: WA 
Date Analyzed: g/17/93 

ESS Project ID: 932716 
ESS Sample ID: V0917Bl 
Dilution Factor: lx 

Units: W/L 

Parameter Result MRL 

Chloromethane 
Vinvl Chloride 

-1. Bromomethane 
Chloroethane 
Trichlorofluoromethane 
l,l-Dichloroethene 

~. Acetone 
Carbon Disulfide 
Methylene Chloride 
Methyl tert-Butyl Ether 
Cis-1,2-Dichloroethene 
Trans-1,2-Dichloroethene 
l,l-Dichloroethane 
Methyl Ethyl Ketone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
Cis-1,3-Dichloropropene 
Methyl Isobutyl Ketone 
Toluene 
Trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
Xvlenes (Total) 
SEyrene 
Bromoform 
1,1,2,2-Tetrachloroethane 
Dichlorobenzene (Total) 

10 
10 
10 

z 
50 

5' 
5 

10 
5 
5 
5 

50 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
5 
5 

: 
50 

5 
5 
5 
5 

10 
5 
5 

10 

N/A = NotApplicable 
ND = Not Detected above Method, Reporting Limit (MRL) 

Approved by: 
EnvironmentalScienc 

Date: q7q&,(5z _ 
-~ 

532 Atwells Avenue, Providence, Rhode Island 02909 (401) 421.0398 Fax. (401) 421-5731 



In Re>ponss To The Fumrs 

CERTIFICATE OF ANALYSIS 
AMMONIA-N 

Method 350.3 

Client: Environmental Science Services 

Client Project ID: P TECH Test 

Date Samples Received: 9/3/93 

ESS Project ID: 932716 

Date Reported: g/24/93 

Client ID Lab ID Result 
(mg) 

Sample 
Volume 

(mls) 

MRL 

Inlet-l 
Stack-l 
Inlet-2 
Stack-2 
Inlet-3 
Stack-3 
Blank 1 
Blank DI 

9327i6-01 0.28 82.5 0.01 
932716-02 0.61 73.6 0.01 
932716-03 0.22 81.3 0.01 
932716-04 0.72 72.2 0.01 
932716-05 0.18 82.3 0.01 
932716-06 0.43 60.9 0.01 
932716-07 ND 160 0.02 
932716-08 ND 0.02 

ND = Not Detected above Method Reporting Limit (MRL) 

532 A~wellr Avenue. Providence. Rhode Island 02909 (401) 421-0398 Fax. (401) 421-5731 
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APPENDIX M 

EPA's "Draft Strategy for Combustion of Hazardous Waste in 
Incinerators, Boilers and Furnaces" 



z. f. _ Y”-?.cocc~sc?f 

0UZiF.g~ =?a last decade, a dzamat:c zrai?sL:lon ih k.azardcus 
waste aanaqeman: has occurred. Untreated Zazazr?ocs -*aate ceased 
:o Se Jlaced on +2xa land, and 'widesprmad "se of itaste trsat=sr.= 
cecnnc Loales, including combustion, ensued. Wt also baqa:: to 
undqsrhnd that even VigOraUsly reqUlated and onfgrced hazarlcas 
vasce 3a.neGtmtr.t rsquIrerLa.?Ls Czr,i-,=t tstaliy salve our long-cam 
waste ;irobiems. ~aci~tr, our iong-tar3 national waste =ar,aqeser.: 
stratep must kdvc redcctlon cf pasta as Its firsr. and prizarv 
7Od?... 

E?A, the States, ?;?dusCXy, and =!~a public have learxed ~uc.3 
abOUt t.he concept of *Gaste rsducrian aver c.'.s last decade. our 
c.L.allenqe for the next decade is zo t&Ye Ltesa ltssons h?d 
deveiop a 6 trazaqy ta acco%plish our goal or source reducrio::. 

Scurca reduction is and ~i:l continue ta bt at %a t3p of 
ouz vaste manaqorent hierarchy and must ba xort aggressively 
yssued ta reduca the ler,g-ta-q domand for vasta x~~cqe=tnt 
facilities. 3?X intands to take a Crash look at haza.=docs haste 
:anaqe=tnt issues as part of moving tovar5.s t?.e praise of 
poll*~-',lcn ?rtveneian and SOUCD reduction. spsciflcrlly, in ciis 
efi3rt , ETA's qeal is ta develop an inzaqrated and kaLanceC 
;z=qra= far source. reducti on ar,d waste sanagenont. E?h vi:1 
ax=aoine =hP AQprOQrilta raloa of COG=e reduction and Waste 
trsatzent :. 'T ',e nation's hazardous was.3 -,anaqeztnr sfrter. '?.X 
also 'r.cends t5 zztor3.m~t Ltr existkq requla+ians and salkiss 
en rasta czmbusticn. 

This, evaluation vii!. be led by a can=ritttt ot Z?A and State 
offlciais. "his ZQA-State Committea wili firec bo asked t3 

address --%e relationship bctveen hazardous vaste combustion 
fadiities and SOUCL reduction of hazardous waste, and ta aaXe 
recauondatikxa an Pdditional sourma ;eductLon OppOrtUnitiha =?',a: 
ShOUid be pursued. Thr Csnmittee's sacand caarqa will be to 
address ;zav mu ceuld Lxprovo its technical and per.litZinq ~~145 
i~r hrardoua YDSCIO comhurtfon :ar;jlitias to enaure that suf.? 
facilities reflect -a state-of-the-art as v-11 as eantinutd 
~ccknoloqical Fnnovation. The Co~~~ltta% vii?. also be asked t3 
aypLore the dcrslcpnant Cf dt.SnUtiVt -=R cea=en= 
technologies, as ~~11 ap tk need for better science. in 
evaluating cmbustion technologias and -,onitoring amisnions irom 
cozhurtion :acilities. 

hs e s;ap-i;iq point for tkls eficrt, DA fS iSSuin7 this 
3r-L:t co~cs:~!.on 5tra:cqy. 7kis d=czmen= vi:: se--e a.5 a 



3 

catalyst :3r discussian vi2 and iz:;uc from a11 k.=9rzstad 
parties 3n hov best to inreqrat2 source reduction and 'haste 
ccncus=ion ar.d on rays by vhich YP can 'be:'-er ass~ra z?.e puhiic 
of safe operation a: Zazardous vaste czcSue:ion facl:icics. 

This'draft conbustion s=rateqy canris=z OF a lisc*~ssior. of 
the qoals and objectives for this project and a series of short 
anC longer-cem actLons that can be tti2n tc ac.?ieve cc= qCA;S. 
~~~~~ a~tio.-.s are intsndad a.4 the star5-q poi.7t far ~~sc-LssL~.~~ 
with the +blic and induscrf, ha list of actions ii7 t.clls 
doc*tient are presented for debate 2nd additional ideas. Sowaver, 
wrlila ti.‘at discussion is ca.Jcbnq place, :9A i.7tonds ta 
aqq'rz ss:veiy pursue several of '-le bieri activities. 

\j 
15. 3 PA, g gnu&y~‘c w 

ha 3 c xu~ouac for taa Goala 

Clmbus+lon is cuzrmtly a large csmponent of ?iazarCous vasti? 
manaqezont in tie UnL:ed Statss. rt baa become a large cecpcnnn= 
as rbe nation aoved away froze land dispsal in z.te 19ao's ai-.+ 
i?.ta treatment to red*sce 2.e volluae and :axicity of :,a;ar2cu 
was<=. AS =SiS shirt OCcurr2d in ‘32 1980's, Citizena in a;ere 
vhere Incinerators or kollers and industria:. zzrxaces (157s) are 
Located 'lava iscreasizqly challenged tie xecd ior %\ese hozartacs 
waste comaus:lon racillzles. citl~acs avldance concerx c>rc 
vasta cc~ustion is toa iracpently useC .Ghere s4urce re&dctic~. 
say ta -,?.a pzeic--red alternative. Citizens also raise o=ncerze 
raqardi;-.q zaoility sitix ahd 30tantial ?iaalth rlsX3 ;asoc by 
vast8 xinaqucnt facilltlas. 

Hazardous vastes tal,?g turnad tadday ara q0Wrat8d by a~joz 
saqaents of American industry, and roprssent a spsc--k- of 
cauonly-encountered vastee, including spat salvents, sludqes 
and distillation bottom, and off-spa= orqanlc ci&uls and 
prcducts. hbaut 5 dllion tons of these highly organic wastes 
are being cor&usted each year -- some 40% in incinerators and 60% 
in Bi?s. aased on our aaet recent'data, it appears that 
stiLtrn=antial 2~2s~ capacity exists ior cotiustion a~? hazardous 
vaste, ~articufarly liquid vast-. It ahculd also be recoq?%izad 
that although same additional vastes k’e UIIf’Qated tQdAy, Zhasa 
wa~tas will socn ha 2ubjact to trestaent req$rPrents randated 
under the Hazardous and Solid iiaste .UzendEencs of 1984 (EsyA). 
Theso treatsant raqfrenentr could use up ZIUC~ of tOday‘s sL.=?lcs 
capacity over -Aa next save-8L years. 

Incinerators and 93s hurling tiarardccs Vaste ara r2GlA+ 
by -DA and aut!orized szatee UnCcr ~30 aasouzcc conscrvati=n ant . 3ac:very. A.ct (F!C?A) . Z7h’s :.nctnerat?r ?e ci.t re$m1atkms, zirs= 
?rlculga:ed Lx 1981, c3n:==l eniasiens CL ;rinc+pal =r;an;a;d 
hazardous c3p,sti>;en-d (icscs), hydr=~>l~ric *CLd (‘fCL) t 



Dar-bic*ilate aatt2r at incinerators. Far inter;= Sa.L'JS 
*iA7cinera:.ars, anlv aaneral :acll?iy raqu:acians are i.7 piece. 

the 0r:ica ilmSOllcl Waste (OS*) issued quidance ta c?.e 
Zn 

1388, :?A 
p.eqior.al oer ices directi.7g that, an a case-'by-case basis ur.de: 
e,e omnibus provision in RC?A scczlan 3oas(cj, izclnerator 
e~er~its should be issued vi-L1 major substanzlve tipraveaer.ts 
includizq canxals an metals, and praduczs af incaEpiete 
cccbustian ('PICs: and hpraved c3ntralr an HCS am ac:c, qeses. 

ax? _----- fac(~'*~~s burnin 
in;eri= stat'a. hes= 4 

hazardous wastt are all ~u=:~-cly in 
fat-lities -- SUCh as ceEenL and 

:lghtvcight aqgrcgate kilns -- are subject to 2321 requlations 
adooced in 1991. These regulations, among ac,*.er i?.fnqs, L=pose 
e=issian controls for :etJ.ls, PTCS ,' and XC1 and acid qasas <>.a: 
remain in effect until final persi-a are issued far these 
facilities. Csrently, there are about 160 interim status JIFs, 

kvp.ic.:. E=e pending final date,ninatlars an tkeir panits, 

ilasta ccrnhurtian iaS been Viovcd as a -Pans ta detoL-Fy 
aany hazardous vaates, paZ%iCdarly those cantafning high LQVELS 
of arnnnics. E?AJs position has been zbat, F,C conductad i,? 
compliance wit3 regulatarf standards and guidance, combustion ca;. 
k;e a safe and effective xans of disrae ing of hazardous vaste. 
As new information has Cm0 to liqh=, hprovencnta ro -,he 
regulations gaveming 317s and incinaratars kave been ar.d vi:: 
con=kice to be purauad. 

ZPA 3cliovar that our task now is r,a totter i3tngraca sxur=2 
reduszion with the req4-ulatarf approach '13 combustion oi hazacdccs 
vasze, and furtier ensu~‘o t&t natianai rules :eflect Ce >a.~', 
canbuation sontrolti 3ass;bla. PO= oxarple, ii- should broadan cur 
aFpraac?. t3 inclke -snsiSeratiac tf hav aE a~~~~~ssiirs sci;r=a 
reduction program ohould factor into na~.icnal ;olicy an ihs 
psz.itting of taaardous vrr+e: cox.b\;etion racFZitlon. Of c3ucxe, 
ramediatian wates present a dlfforont circ=stanse =?.a.? newly- 
qanerated wastes and, given tie ffnita set of options far dealir.g 
with historic cleanup sites, conbuatian nay be -La =ost 
appropriate ramsdy. In addition, waste ainiaization 
apporc*unities at cleanup 6ites are usually saverely United. ??-.a 
Z?A-State Cdtted will fOCuS cn 'Ilaae and o'Z.'lcr +fa=rllar ;S=uas 
as part of the national dialogue an inteqzation of source 
reduction and vaete sanaqaent. 

a. h's Goah 

The foundation of this draft strategy cre t!ae ~o1iawir.g five 
goals : 

0 Ta establish a sttmg prcimrencs far souzc=i reduction 
over waste zansgenent, and triercbv yeducs c-he long-C.er- 



Centid 
Cat 

far camtxrs:ion and ether YasKe w&;rn= 
ilities. 

0 To betrar *CC-eSS ;UbliC ?arKiCi;ati3n 1.q secti-~ e 
ZaKiancl scu.r=e reducricn agendr, in e+alcati:o d 
tach,nlcal csribustion issues, and in reacr.ing si:e- 
speci?ic decisions dzring vie vasc,e cacbus~:an 
;?er,itting grocese. 

0 To develop ant hFCS% 
of-Eke-a:= 

~~plenenzable and rigcrcus ~=2=~- 
safety controls an hazarlaus, vaste 

~~~hu~ti~n faCi:itieS ky USinG ti?e Des= available 
tecbnoloqies and the poet mr+ent sc'ence. 

0 To ensure that CasbusKion facilities do not ;cse an 
unacceptable risk, and -se 2.0 511 extent of legal 
authorities in pemit=i,?g.and eniorce=ect. 

0 CO continue to advance s~ie-t-~~' 
reg.Sd 

..Ae-c understar.dl-.q witi 
to vaste comhustlon issues. 

These cpals addzesa 2z.e major issues surrounding hazarticcs 
vasze co~ust~an Iu +-day and Frovide an apfraprirte frazcvorl: zor a 
hraad assesszen= o: :Icv scuzca reduction and c~Ax~.;ion o: 
hazazdoue vas=a carr be intagratad into = national vasza 
zanaqezen: srog=aa. 
diffarent acrivities 

:?.is assesszen: vill be co=;rlsed or =any 
xny of vhich vlll be Led by z2e Z:?,X-~=;~S 

coKu',=ae. Tae Cou ittee and other inzerestad par~ias UC 
encouzaged to exanize :?.ese goals cri:icaljt and tz con=;ider 
vhether ar.d how :hey can te fnprovsd. 

evea 
-a-. - - rRccZSS lrdR 2g&vnNa 1 ?raT"l~ _ CD " 

Under X?A, "WA and t>.e S'ta%es are pa,-t:.ers ar,d c3- 
~cgulntors of t>.e 5eneratlon, tnnsparzaeion, troatzmnt, +zcJ=~~~, 
and'disjmsal of hazardous vaste. - EPA therafore LB :i,lly 
cmit%ed to tba vlew.thet any evaluation of tba role of 
hazardous vasCo.oarbustion irr our hazardouo w=em =anrqerent 
s:zatcgy au- be undertaken as a joint federal and szate efiorr. 
Tc Chat end, an DA-State Camnfttae will t:e :cr,ed under rke 
aegis Of t!ae f3X-State 0pec;ltiann cocL?Sittae. ,b aentioned 
earlier, the lnicial c?largc to L?ls Conal tfae lxludes corpanents 
dealkq vi3 aq-esslve eource reduction, kzproveaents to 
:ec.L?Fcai and pczkttinq otaridrrda, al+arrrot’vo e=caPanC 
tecbnologb3s, and e barter rcientliic foundation for deckiOn 
aaihlg . 

1.7 ea* or -b!.esa ar*as, Cbis draft s-,-ateqy lays au: a 
series a2 short and longer-tam actions for public discUssion. 
2?#. inzendJ to i.-,volva all atnkaheldrrs Ln --kin dirloya. Z2b is 
7rovidi.Tg t>.ase ideas 2s a starrinq. saint icr dlScus.SrCF. Cn 



needed source reduction acrionr and requlrtcry ct?anqes that. 23~s: 
be pcsued, a& sncocraqes all Lnteresced oarties to c=Gep.t z;cn 
and c=nrribuze addizienal idea+. In addi:lan, however, =.a. 
blieves zhaz va xust Izzediakrly >,u=+ue a n&e= al l c-,ione t3 r:, ensure e.?at exlstrnq carmusc--n fscilitias are oparatad safely 
and without unac=apzatia risks to huxar. health and --i.n 
anvirannent. Accordingly, vhile we iaplezent t5e elczents of 
thL,s s:rateq, EIA is diractinq its 4eqicns CO i,-zsdiately tajce 
actions to pursue aqqressive source rsductlon proqram at 
ha=ardour vzrta facilities, and to ezs"re t.L.2: vaste co&;;etlon 
is closely canizolled krouqh peT=I'+-'- A--i.,g and aqqrnssive 
enf orcanant. 

3at\ EPA and tke LQA-Stat8 Co-"*' uu-crae Will S&e): to engage Ze 
videst ranqe of Frrtsrested aaz-cies in our evaluation of e.o~:rce 

, zoduelon and varto ocnhustlon. his vill include _Sedpral, 
ktate, and Lccal officials, vaste gencraeors and traotars, the 
waste combustion hdustr y, environizental and citizen q-roups, and 
nembero of -Ao TublIe at ?arqc. XCaningfUl par%fsipation hy, trrd 
carurunicatian anonq, all af?u~Lad yorCler Ls h CbL'll+rstir17* sf 
E?A's federal hazardous vaste Fraqraa. We intend to take all 
steps necarsaq ta foeear this parxisipoticn and coxxnioztion. 

F2.h is also keealy aware that, ulthately, we se-7re t.L.e 
+hllC. our nfssion under RCXA, and t,'.a.t of :ke auz?mrf=~d 
states, is explicit -- ve pus+ ens.318 adequate protection of 
hcpan healt2.k and the er.virometit. STA fulfils this 
respnsibfliq Ln the liyht of :ull public scruK:i;ly. He ;riLl 
cOnti.?U8 Cc do. so durinq tiis r8evalcaC?on cf t?.e role 2: 
cmbustion in our national vaste wanaqeent s=rategy. 

X11 waste zanaganmt technoluqias acst ~SPUTE rult?; 
protection of Waan healtii and the envirorernt. ZPA will not 
tolerate apsration qf waoto aanagomont :acilitfoc tiiar: preoan~ 
unacceptable risks to human health and &be envixoment. 
Accordingly, ZQA vi11 enqaqo in a series of shor- and Longer-te?z 
acKLons desI$nad t:3 pursue aqg-ressive sourea reduczlm, to 
enhance cont-als on exirtinq combustion facflitieo, and to 
gcomote public participation in ps,ai%tinq and source reductian 
of _SOM. 

%e shot- terx atiions include: 

0 &I aggressive source rgductlon proq~aia the? inteGafee 
wasto COCLOUS:~O~ wfth wa3t.e aanaqmmne doersian maklnq 

? DirocZion ta 3?A Rmqions an& SChtaS tOi 



-- 
\ 

3cr~aE1’sit a-specizic risk asses~=enc~, 
i.ndirslc-, emosure, 

inCl-2dl.-.5 
a~ incinmraccr and 31' 

facilities '->. :'"a 3=--'+-:- . --..---..q procrss 

L's0 cnnibur ?e,ait au--3oritv 12 nev pamits a: 
incincatar and aI? facilities as necessary :C 
pratwz= huoan heal%?. t3 inpcsc upqradad 
particulate natter standards and I: necessary / 
addii,ienri amCal smirsien con:rois, 
lhits on dioxin/P.xan enissions 

ar.d to LPCJSC 

Eetrblinh a priority for reaclixj final Jer,it 
decisions for ?~‘.crneratar~ and 31F Zacill~iss 

;rAance pblir partlciFatiac in ;revitting af 
lncinaratars and aIn 
~&hancs inspec+ian and anfsro-nent icr 
lncinaracors and BITS. 

21s Lcnqsr-tea actions hcludc: 

0 Canthued aCEarts ta build an agqzessive scurce 
ZedUCtiOn FrUqZAU., includlzq l ~-~lszatian of L!!o 
useiuiness ar.d ZeasiSil ity of sactlng a naCicr.al 
capacity reduc+ion qcal for qenoraticn cf cotiustibla ' 
vast2 

a rnvantigatian of feasibility ar.d risks assc=iatad vi?Lh 
altarnative vastn tz3aczeiit tecbnoloqiu 

0 Lipgrades to EPA’s ruias on azission c3ncc=~ls at 
caabustion facfiities and on cont:inuous aaissfon 
nanitoring tachniquss 

0 O-&es ta 'iioAJ3 rules an the peXX~tting.UId public 
iavolvaent procase 208 coubustion Laciliffas 

A. mart w 

1. istwqrstfon sf Xqgrasaiva 80urw Reduetlan ua vast= 
COrbUStiQU 

0 313 02 g3nit prior,., J -4 91 to, gtiau1r+* ?louro. 
rmductlan 

Over the next r8, =ontb, as t.30 nrtLonai dlalogua on SOUXC~ 
zeducrian is held, DA vi11 gfve lov Friority ta pe,l,lt-Z3li 
recydests fcr adC~ei.anal c-dustian capacfzy m yhar= --laF- 
capacirf of:secs tie rrtira=ent ot exist;35 cm.bus=~cn capacz-v. 



Tr.e ?,qency will considor such req-xests _Cor adltional cj-Ac?stfcn 
capacity only 1 the new capacity vodd provide .3 suSstan:ia: 
reduczion in eninri0r.s. Those aciminisx-azi- . . <e 2lesaures vi,_ allc.4 
:;".s Agancy t3 iocur 2s a ~riarity mattar on assuyinq 2-o sarec,:~ 
0: currently ?peratF.7y fccLLiti2.s. .?x-Ch.e----cre, t3 :.'.a BXZE.~= 
my now crpac~ty is considered, it vi11 be state-of-t>e-a,rt 
c=&us=fan uni:s designed to achieve :cre art‘-; ent cz=~ustion .&as- 
a.-.d lover emissions. 
applicnticma, 

Zbesc measures vill axKtnd ta new pe---,it 
xodiTie%%ionn ta 6iXintiEq pazitn '-3 expand 

cmbustion CapdCity, and eu;r2nSiOn Of inter!.3 StatUS CcabUscFo,n 
aperaticns. 

0 PubliCatiOB Of :fZMl "Vaata Xizhizatfon P:zgru 
: 11 ?lAC8" gvidollsoa * 

These guidelines idamity Cbe elements of a Yaste 
ninfmizatfon progea for yamraters 8r.d fasilitiw to =ake a 
moper certiZica+ion to SA that they have a race :k,i=iraticn 
prcqram in place, as required by ',le X33, btsE‘ata. Z.4 vill aiso 
pursue compliance with the enhanced carti:isrtion requl:~anc.= =o 
the xaximza extent perzxittad under X!U authority. z?A is also 
considerinq publication Of lists af -an-conpilers to aler, ~38 
public and zhe vas=e treatment industzy. hirro legally 
appropriate, EPA may also uae enforcement orders ar,d ?e-~?ts C,z 
ircorporata the elements oi a good Yaste =izl:ization ?rcv;iz 
into t-he set of requLrements :hat a racllity muat meet. 

0 7rorX vitz tar vasta trea %4x&.+ l?dUatry CJ L %.a=: 
to qrt aor* aeyrassice action on 3ourco zaducti~~ 
frca tZa gefarntars 0: conbu8tibln vaat4. 

EPA vilL ask treatzant companies to consider ac=eptiXj 
*vastas only frox c~ezoaers that have conduc+ed source zeduction 
audits and have en enhanced vabta stnfzslzation pro-at. in ;laca 
(per EPA's nPzoqram in Pk~a~ nOtiCe). In doing so, Y= hope c3a: 
a vorkinq partnership can be established asanq the re~1atox-y 
agencies, -3be Kreatsits , and the generators sue% Uat've can 
acbievo, ae a national ptlorfty, the naxlaum amount of sourca 
reduction possibla. AJ,l interested parties aust pursue an 
aggrnssive source raduction progr==. ETA vi11 work clcroly vie. 
t& trma.a.n+ 'ndus+ry fa identify additional cppO~~luriffeS for 
aaur~e reduction. 
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Q ?arqet qaaeratinq iacustrios rat Qroduc. 
c~i&ustiiLIle vastes bath ior 30urce rod*~ction 
iaepections azd for zeq~l:izg qe~ezat=r~ ta 
COndUCt uaete aini=i:atLon r~cits. 

3x vi11 give top urlarfty ta ensurl.7q c3=~iiac:ce with 
ainhization ~requiremantr/~Ldanco a~ 

'"'aSZ=a 
tzcse raczlities t.yat ese 

driving the demand for uaste coakcsifon. 
S~XC facilities E3A vi11 to the xaxi- ' 

;?I ads.:icn, at t>e 

aLAit requ iremak 
-u ext6r.t possikle i3cil~da 

and as part 
in enforcenent secxlenent aqzeamezts, pe,r;litx, 

of corrective action orders. '20 &udits -fill alicw 
tkese canpanios to 
:=c-cticn to 

i.nvastiqrte tie maximun possible use et 24u=ca 
tie extant that t.hey ara not already doing 30 i n 

gSr:aezship vith ZPA and tie states. 

0 xa3cbJJa publ'c iBVOlYoaent ad ?afamti8B 
regrrdinq Sourea roduotion ad its htagration 
with vast8 aozburticn 

EPA will. a110 estrblish a progran to 1or.e off4c+ively 
?rcv?de infor-ation ta the public cn 
comW,'untion unit 

2.0 tnes of ‘vastes cjofzq 23 
9 and Lie sources of those W~S~PJ. 'i=st, x7.x 

will ccs~lle infor=aticn ,J=cP the Biennial hpor, and will 
collect infonation Zrzn commercial c:mbustion fCtCi'itiP6. '"izis 
infonatlon -- :uch as the spaciiic types and vci.ues of hastes 
,Celnq s327.c Zos combusttlan a2 vo31 as the 4anesator3 cf '-?=se 
vartas -- will be conplied in a.report and be pzcvidcd TV! the 
qublic. This ~information will apprise cititens,af ~&XC 
AdUstZieS C?.:at Daly On CombUntion of +chei,- xas:aS and ~2;: allow 
the public to better fccus tieiz 
generating facilities. 

att2zclon on the appropriate 

2. kzsdiate Xotions ia C?nbUsthn Padlity Pcdtt1a.g 

Tha AqencyJs goal ia to contlnuausly FnprJva t!a regulation 
of hazadous waste cozbustion to reflect advancrs fa scientific 
uxler-standinq no that adequate protection of Turin health rr,d tie 
enviranaent is assured. Durinq the tkm it ttius to prcpoee.and 
tinali.za update4 to national requlatlons, EPA will usa its 
omnibus authority on a case-by-carr Saofa ae necs~nary to procep- 
human health ad the environment to include t?m appropriata 
conditions in pocits tsaLng iSsued. 

At thA.s tias, &?A balieVa ',at rsqions and atataa should 
up0 tag R- amrribus provision and RCIZA par-it =odiiication 
regulations t.o add Fezaft C?ndltions aa necoSe*-7 ta ProraCZ 
t-an health and the anvizOm4nt vhecever a ClabUtiOn iaci:ifY 
ecm3r/a~erator is eeeklnq issuance 0: a new ;le,?it Or -aiSSUanCe 
0: 3n ex;,i=ing p&?it, Or, in apQc?pria=e circu=tancas. '<h-n 



eiisci;1g se4zi:s are reopenad Ecr =odificacion. ??.a 'ollwinq 
vlll b,a addrarsed durinq tie gepittl3.q g:oce~r. 

0 ?.Lsk Xso~es=eots 

ZTA I= direding thaC site-spcci'ic ri~i assesrcenc~ >e 
condQGsred a= incineracorr and BES duri.?q the aanittiF.g -,rocess 
~heaa chcuid be done in accordarico YiL! Z3A's gw=** I.'.dircc:= risk a..-- 
asEessuent guidance. 3?A is currently deveiopi.lq cFdhted, ,Sinai 
guidanca on conductisq risk assassmenta a: ccrbuscicn :acilities, 
includi.~g ~ai-didarzticn ot tha risks from l.-direct ~X~OSU=~S. 
until -l?is national ziak aasessxni ~Lkmce is cocplbted, all 
,-ilk ~~se~~u0.n~~ at co&ustion facilities vi?1 b% lane on a site- 

,~ by-site baeis. z?A and State technical averts vi11 be available 
~3 sprva on risk assess;lent taans ta assist teqions and states i.-. 
ccnductlnq these 
indiract risks) . 

risk cssassaants (pa,t,icular?y vit?. reqard to 

5) Qqnded P~rtiaulat8 Xattar Standard ad 
supplm2ntal Cant:015 an Keta.; Zaisaio=s 

Hazardous raste CctebGstion units nt.ould be r~qui:~d, ->~LJs;Y. 
appropriatz use of t?.e 0lnIlibus pe,rit auzhority, co :eer :2e =t:e 
stringen’: parciculata zatte-' standard tc.ct is r~ov as-j>icabLc :: 
nun’c~pal vasta c=mhusto:s -- 0.01s aq/dscr. Thin tP~~+iccJy- 
based standard opauaces to provida a major csntzoi on metals 
enirsions Lron ccmhustion unit. In alditicn, cacti c~~ustlc;l 
facility s.?o~ld be reqfred to ccr,sidac, as 3a.z-t of its facility- 
soccific risk rssesczaat, whetLer tia upqrzded IX stz.p.daz~ 
a>:ords adec;uaCe pro~ec~iofi agrins-, 2.a ;isXs ~ar+d 'zy =a:ah.. 
:i additional aatal conCOla arc’round to ha nece~srry, tim 
regions and states ShOuid Lnposo tkesa cmCrols through use 0' 
t.5.a 0miSus ,penit auttiorfty. 

me upgraded FM standard vi11 be used for aiFs unless 
another protective standud is applicabls undar stata or iedcral 
ia'd, 2.esa upgraded 3K standards vill. continua to br used until 
an altL*atfie PK standard haa been pronulgat*d :ar inch&rators 
and 3LPs. it Amy be aat the umaded ?K standard is scf:icimnt 
for many cashustlon facilitlas. novavar, SOPa co?abustion unite 
=py a enictlng r,ctals abava de mininis quantitier, in whiti CaSe 
additional. cent-els zaay br rarzan-d. 

0 Diaxins and Puran~ 

Site specitic risk cssessuants SC hazarcow was+8 cc~kusricr. 
facilities nay reveal *cfe sead far additional ccntrgls on dioxin 
cd s*ca.n cc236 ions. ?KOUgb ZpQr3QChta "Pa Of the OJnihlS 
~anit act,3cr:ty, the regions and l =aCes shculd impose as an 
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!xte=i-, aaasue emiss:on li%its CL 30 r.q/dsc, (based on tka s.a 
of all tee-ra c.ti,-cqh octa dioxin and :ruan conqeners). TZ'rS 
stnndard 'a +.c ca=- as C_ho ?leu SOU~CC ScrLamance Standare 53~ 
?ew =u.qlcipa~ ~as=e ConbtistPrs. iinqions ad stxtee shscle 
suppie33nK this vith ao:s ztrinqen= emission Liziz.5 if z?.e s-ta- 
spaci,llc risk a,s8ar5P*nc verr3ncc. 

0 TO-it CO~CZQ~S Ed ZZOLZ~~Z~D=S aad. airs 

2A regions and strtrs should bri,lq incinerators and 3I?i 
,znder peralt con tzo13 a3 soon 63 ps?sible. Thix will bo 
implenenced through ertablisken'- ci a zcb'rdule _L=r callins I:: 
all a1l= permits :or 111zal decem?natfons. Eat? region will 

‘j ccvelop a plan i.bac provides Zor camurrcial 333 panits tn be 
c'alled Fr: within t.?e next 12 aonths and .Cor a11 oc3er a;? 7e~j.t~ 
:a be called in within the succaeding 24 nones. Pamits 
reprcsenc one 0: tie 210s: efLrc:ive means by whiz!! E7h ar.d t\-a 
aurhorizad states can devalop and aniorce cond?ticns on tie 
operation of incineratars and BUS. At this point, no 917s have 
had final -,eDic cecislcno. Z-AUS, pec=iit Cacarninrtions StiOUlC 
be znde as exreditiously as feasible ta effectively c~ntzo? Cxse 
oooraK?ons ~&.i 
at 

can be operatad saiol'y as vsll as deny >e-TA:S 
tiose facilities K.lac can not b-a Operated salely. 

0 vzCmnCrd Wli~ ParclCipation 

iUblfC ?aYzicipation is one of She major cornerstones OS 
EPA’s .&vironzental programs. RX is c3mmlrbeC co zeaningul 
public invoZverent r*n its 'Jer,itrizg ?rCqr3L5. 
3lst be qlven We opportu~i'cy 

sYca1 citi1e.73 
to assure thasselvas. that 

racilities fa t!!elr nelghbnrt,oods vi11 be operated safely. 

XQA will tiedfataly prevfda for gzeatar gJlLc 
Jazrticipation.in the parmit=inq of SLFs and incinerators, ar.6 
will initiate aaendnenta to its rules ta reSlact new avenues tar 
public paflicipation. Eior to these amcn&ants baing finally 
adopted, Z.PA vi.11 direct all reqions and statas ta provide 
izedlately -Sor additional public pafilcipation opportunities 
during pomfttinq of combustion units - particularly at aarlfer 
staqes than now provided for under IPA's cuxmnc permitting 
regulations. Thasa should include, but are nor. limitad to, 
Yubllc comzer.t on ~!?a trial bun plan. RA vi.11 also dFrec+ %I== 
iocal c'ti:ans be given the opportunity to pa,rticipata dUrb7 t.?e 
risk assc~s-,ent prccesj at combustion Sacilltiss. 

J 

xaUnc8d iasprcticn end Zxfor=uant 

conzlnuc and enhar.ca its carton= anf0rca~eP.z 
ins conbcsticn units :hroc:qh aq?-essrve i.lspectr=c 
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cr.d enfcrcsnant at boc3 9IFs and incizaators and through use of 
specialized cabustion inspectors. 3ased on our eqerienc: and 
:?.e level of public cancarn about tie so=p~iance reccrd c.C 
commercial conbustion units, tho us* of aggrrssiv'e l nforce=ent 
ad special inspactars Vii1 ensuE tha :aXkua ti&eihess and 
4xcent of compliance. In pmicular. if an even= occxrs that 
rasu1ts in non-compliance, =A or t,L,e state vi11 be in a pasi:ic:: 
to zaka tie appropriate anforcemenr Or 7rzitti:r.q eczion, 
including abarmant a2 tie prnblon or. if necesra,"l, aku=tc~~ of 
conbusticn operations. '%henever appropriate, iieqions and States 
are enccuragad to use pezianent on-site ii-spectsrs at commercial 
i,nei~arn~ore and 8X78. 

* 
a.. ip,erz ?*fl Act’sal. 

(, 
SIPA Will also lzmediately pursue a number of longer :erx 

actions ta aantinur the proqrebe towards our goals of sou~e0 
reduction, balancing the amaunt of combustion capacity vlth tie 
actual needs, ensuring coabustion safety, And providing for 
qrcatcr ~ublfc potiicipotion. 

0 COntiaU* to build .a aqgzrorive OOY=SO ‘oduc+‘,os 
program 

R.4 vi.11 cvnduot a nctional road :abla on IOLIZC=S reduozior. 
opportanlties for hazardous vastas. Tbr natbnal rouna table cn 
POWTCQ rsductian Y fll seek to highlight aven~ea for reducing CO 
amount of vasre beinq coobusted, and 'dill srptore tn* appropriate 
Salanca between s.ourc* radllction and es.3 ot cotiusticn a5 a va9=2 
xanagemxx tool. The round cable rzSS explore bo~ raqulatcry 
ana non-regulatory 0pQons to encouraqe andfcr require sourcs 
raduczion. Gamrating and treataent industries will be asked to 
garticigate actively in this effort. Xesults will a’sa be used 
by t3e WA-StAtA Ca3.?nittAe ta eetablrstl a nAtiona dialogue aconq 
2.8 interested parties an t!ae proper Lntegratian of source 
reduction and waste combustion. 

0 ?I8tablidment of A ?exceat/TAxget Year ?rogru for 
reductioa af coabustibl* aazaraaus vaatm= 

=A will work wiea the stataa tavardr astabliahinq a proT-n 
in vhich tidustrq is challenged to rmU.ICe Dy e SeLec=aC 
percentage and by a tarqet year t.%e arount of proc~6s vast*s 
qoFng to coubustion units. EPA will discuss Vitb aLl IncareSted 
?a.=tles the appropriata percentage redur,ion :5 he used as a qoa!. 
ar.d :be appropriate t--e irane for zbir reduczian. 



0 oFgrade zm’r ales :o reflect state-of-th-azt 
advancananta 

z2.A *dill i.ni=iats a ru1cakir.g to upza&e our combustion 
z-210s. 1:: tcixj SC, Z3.t *dill exllcra tie :easlbLlL=y cl c 
zechnoloqy-based approach, ;aztiCJ~dr~y 'wit?. ZeSpeCC ta se:=inq J 
emission co* crols on metals, dioxix md iurans, acid qasee, 
3artlc*Jlaxa':atter, and producer a' incaaplece ccz2bun;Fon. 
addition 

Tn 

qLidcii&s 
,-A vi11 ccntinue to refine Its risk esse~~me~t 

to ensure that ail :iSkS are effeC=iVely l dd=?ssed by 
na-,iocal rsgxla+ior,s or site-specific gerait canditions. 

0 upgrade Z9~fo rxles on psrzit process for 
cccBusfian tartits 

irihile Z?A is diracting regicns and states to izumdiataly 
affard -eater public partfci;ation an a ponit-by-pox&= basis, 
we vill reek ta madicy ouz rules ED :efleC', arpanded public 
partici;atian. 23A Vi11 initiate a T~llemaki.lg CC ccdL:y 0~ cjaal 
of inczeaed public participation at oarLiar stage0 in t?.,r 
penitrinq ;zacerr far Lncinarazcrs and 312's. 1n pa,--ialar , z?A 
will address 230 triai bum Jractss and :ke public's rcle 1.: tF.2: 
;t-ocass 

DA aiea believes there is a mad ta emiore a r-.demtilng tc 
refon Ma oenit appeal pracaas for coo.bustlon unita vhslsa 
perG.t app1lcatior.s have been denied by the Tieg'oml 
Adzhis-cator or Stab Pirecrar. in particular, where tie ,~it 
has been burning haste under interis. rfriue, DA will sack =P 
establish rules *at prevent the c=r.tixrd burning CTT vas:e 
dcL'ng ac!xLA.;trzci v6 appoais of a permit denial decision. 5?A 
vi;2 also axplora additional quidanca or a rulamakinq ta clarlcy 
^L?.e number of pemissibla trial buns alloved before pemic 
denial. 

0 Usa uad feasibility of L Laaq-Tera Watlonal 
Crprcity Xrduotion G-sal 

Z3A rill axploro the use,lulnoss of developing a long-tar- 
~-~-au~.=ton q.3al (r.g., A 2s reaucz:on 3 cocbuscian capaciq over 
2.e nor- 10 years) ta reduce conbumtion ~dpacity beyond <tat 
which can be achiaved LYrauqh source rot-ct9on eiioF-s. fha 
jxrpaae or sac.2 a goal vould be co give sore cancr~te natiaml 
quidanco on hew best to -nosh cambuc=ion daxmd Vith aapcaft;t. 
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a Conduct r0saa:ca oa'ccutlnuous :arritar:lag <or 
orgaaic0, including dlanlm and vocals. 

2.x. will use it+ ?eSOElrCh :escurcas =a conzhue and dtiance 
sc~ontific i.zquiry an ways Kc kt'-,-ar deteralne vhat canatit*.zen=s 
are in e=isslc35 from coahustior. uniZs and ta develop the 
tec.inalcqy needed to ncnltor tkesa enisslans rin a c=n:i.yuacrs 
basin. z?A will work cocpuratlvely via :?..a rasta Caxbustion 
industry ta address theso rosearc?, crea5. 

Q zavastiqata innovative wasta treatzen+ 
tocEaulogies t&at p=?Vika pratzction to hEa= 
boaitE aad t3o enoiroriaeat. 

: ?.?.a. *Jill cantinua axid enhance its efforts ta foster tie 
davelopncnt of innovative tnchnolcqias for 'A-0 safe acd effective 
treot=ent of kazardous vast&. 
nati0na.i vake 

Suc.i actlonr are essential to our 
zanageaent systan and ta au= global 

catpetitivemxa. 

9. Co?fC’,UsIOW 

??A is.cammit=ed CCCI evaluating tie role raat .sauz~a 
retiueian and combustion of hazardous vaste si-.auld ~lry in our 
,7aclonal wasco canagamant program. DA Vii1 uark in 3~11 
pa, -. -+Tcrship vith thr States ?n this effort. :?A snd tke Statas 
vi'!. &ark upon 4 full and open dlscunnfon witi all 
staxtiolders, includinq afZaate-3 citizanr and industries, on the 
issues and actions detailed in tks OrafK Cczbust~an Stra:egy. 




