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Executive Summary 

Stack tests were conducted by the Center during 1994 and 1995 as one Task of 
the BIA Funded "Hydrogen Fluoride Research Program". Tests were run by Center 
personnel subsequent ,to training. which included EPA's stack .testing training, 
programs. Hydrogen fluoride, SOX, and particulate matter were determined by EPA 
Methods 26A, 8, and ,2- respectively. Analytical work on capture solutions .was by 

The average emission of HF from gas kilns was 0.38'Ib/ton (4,plants), and the 
average SOX emission was 0.28 Ib/ton (1 plant). The stack particulate matter (PM) in 
one test was 0.17 Ib/ton for a gas fired plant with sawdust added to the body. 

' 

Armstrong Environmental. ., 

. .  
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Table 1: Center Stack Test Data . .  

' . Plant Date Run % lsokinetic HF Rate HF Emission Other Data ,. 
. . ,  , Iblhr. tondhr. Factor lblton Species I bhr. Ib/t I .  

(fuel) 

Boral #5 11/8/95 Avg. 1 . NA 16.7 19.71 0.847 PM 3.38 0.17. 
Augusta, GA 
(gaslsaw dust in body) 

Boral (Formerly Bickerstaff) 1 NA . 3.293 12.848. 0.256 SOX. 3.765 0.293 
Phenix City 2 NA 3.490 12.848 0.272 .' .SOX 3.485 0.271 

0.276 
(gas) 3 ' NA ' 1.959 12.848 0.152 
Average . . 0.227 

Boral (Formerly Isenhour) 1 NA 6.54 22.8 0.287 
Salisbury, NC 2 NA 6.78 22.8 0.297 
(sawdust) 3 NA 6.01 22.8 0.264 
Average 0.283 

sox  , 3.394 0.264 

Endlcott '  1 NA 1.34 5.92 0.226 , '  

Fairbuly, Nebraska 2 , NA 1.44 5.92 0.243 
Average ' ' 0.234 

: Redlands (KF)10/12/93 1 NA . 7.60 10.94 0.695 
E. Windsor Hill, CT 2 NA 6.19 10.94 0.566 
(gas) ~ 3 NA 6.85 10.94 0.626 
Average , . . . 0.629 

Richtex #4 12/20/94 2 96.7 4.58 11.27 0.406 
Columbia, SC 
(gas) 3 94.9, 5.41 11.27 0.480 
Rlchtex #4 (Test Series 2) 1 ' NA 4.76 11.27 0.422 
(gas) 2 NA 5.46. 11.27 0.484 

Average Richtex #4 

Rlchtex #2 
(coal) 

Average 

1 NA 1.95 
2 NA 2.18 
3 NA 2.43 

Richtex #4 12/19/94 1 94.3 2.69: 
(gas) 3 97.2 2.56' 
* Special Test 
To Reduce HF 

11.05 0.176 
11.05 0.197 
11.05 0.220 

0.198 

11.27 0.239 
11.27 0.227 



Appendix 

Pmdw Far Brlck.Indushnr 
Uslna Mats$ m m  

September, 1885 

The purpwre oi this 'Recommended Practice" Is to provide a method for the 
brick industry to establish air emissions levels and demonstrate compllanca with state 
or federal emissions criteria lnduding permitted emlsslons levels. The method 
explained hemln is Intended for use In determining emissions of hydrogen fluor5de 
(HF) or wtfur oxides (SO,") in bridc rnanufaduring. trace quantities of HF afe found 
in stack gases from kilns used In brick manufacturlng due to the leamorphous 
eubstitutron of traoe quantltles of fluorine amms for hydraxyl radicals In clay orystals 
whldr are libemtad on dehydmxylation or breakdown of clay crystale as the brick are 
exposed to temperatures In the general area of -830 - ISOOOF during the firing 
prwress in the kiln. Sulfur emissions a h  from decomposition of sulfate 
compounde or ether sulfur souttes In the raw material during heating In the kiln or 
from mbustlon of fuels. 

The method has been developed by Clemon Univetsity in response to a two 
year study funded by the Brick Institute of America during the time period of December, 
1992, through the present. The study has Included (1) development of the mass 
balance method lnoluding the mrohydrolysis test" to determine fiuorine a#nent of raw 
matetiale and fired briok, (2) oorreiation aotivitles between mass balanae estimates 
and slack tests using EPA stack testing methods. and (3) development of novel 
chemfcal additions to mduw emissions by retaining certaln acid gas forming specks 
in the fired bridc product. Mora infurmation on methods Is 8vaileWe in the "Referenoes" 
given below. 

Mass balance, i.e. net fluorinelsulfur loss as the difference between 
fluorinelsulfur content of dried and fired brick, represents an ecanomical and reliable 
method of emissions determination. It is a method used In Germany under the SA-Luft' 
Gennan Federal AegulaUons for Air Emisslons. 

This Recommended Practice includes (1) an inltlal production test and 
(2) methods for continued compliance monitoring. Recognizing the fact that brick 
plants typically use between two and eight raw materials, the Practice provides for 
aotual testing on the number of briak mixes (Le. dismte produots, brands, or codes) 
representing the largest 25% of the plants production. Emissions for the remaining 
production are calculated from the fluorine content of the raw materials used In the 
mix. Further details and statistical sampling methods are elucidated m the Practice. 
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IL li& M&k& 

1. mr to Initial Pro- 

pumaaS: Establish ranges expected by testing one specimen of eaah raw material and 
by determining m888 balance on one &men each of all produots inoluded in the 
top 25% of the plant's produotion volume. 

One sample is to be prwided eaoh for total sulfur and HF both by mass 
balance. The sample Is to be pravided by running a quantity of that raw material 
through the plant gdnding system EO as to aahleve a homogenized specimen. The 
minimum quantity IO be run through the gfinding system will be ~WD of the hourly 
capacity of the grinding system (Le. 25 ton sample If the capacity is 250 tons/hr.). The 
output of the grinding system will be placed in a sample pile which Is to be rendered 
level to a depth of approximately 24' using mobile equipment. Two clean 5 gallan 
dado pails will be filled by .shoveling prepared raw material fmm the m & r  of the 
leveled sample plle. One pail is to be pw4ded to each test vendor for fluorine content 
or sulfur content tests. The vendor wfll use standard sample redoction tEahnlques to 
obtain an appropriately sized speolmen fmm the material in the plastio pail. 
(Suggested vendors: Clernsan Unlvemtty for fluorine content Misaion Clay or 
McGreath forTotal Sulfur) 

One specimen each is l o  be provided for products included in the 
top 25% of production volume. Each specimen wlll be based on one dried brick 
sample spllt In half with one half flred In a top set poshion with the dried mpanlon 
BBvBd tor lesting. II both fluorlne and sulfur mass balancedests are deslred. the drled 
and fired mmpanlon samples will be further divided in half 80 a8 lo provide 
companion samples of dried and fired product for both determinations. Companion 
samples are to be sent to Clemson University for mass balance for  potential HF 
emlssions. The manufacturer will ubtaln total sulfur using a vendor of their selection. 

B d & j a d :  It is anticipated that this test period may involve at lead one month after 
receipt of specimens by the vendors. 
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2 -1 P r o m  Test 

PU~~OSJZI! Establlsh inltial emissions levels and provide for a correlation between 
single top set fired samples and a stabistically designed whole car e.q~riment. Note 
lhat single top set spedmene will be used in continued compliance monitorlng. An 
optional purposa of this test is to provide a correlation between the mass balance and 
stacktests If it k deemed apprapriate by the foliowing &ria: 

(1) No stack testing da!a is available fmm the last 10 years of operation of lhi8 plant 
(2) The raw materials used in the plan1 have dlanged by mining location or in geologic 
oharacter 80 as to suggest that prior stack testing data Is Inappropriate far current use. 
(3) The kiln(s) used in the plant have been substantially altered or rephced since the 
last stadc lest was obtained. 

The manufaaturer will be required to cerllty that a stack test Is required or Is 
inapproprsate based on the three criteria given above. 

3kaUXk&: The manufacturer will schedule a praduction test for eech of the products 
included h the top 25% of production volume. A Btetlstically designed test matrix for 

from side lo side and top to battom of the setting. The sampling scheme will be 
anenged as fallow& 

(1) The number of samples will be mputed using 95% oonfidence Smite for leest data 
based on the "Student's t - T W  as determined by using the test vendor's standard 

samples for either fluorine or sulfur tests will be t h m .  

(2) A gdd Will be made of a kiln car proflle from top to bottom and side to side with 
numbers assigned to each gtid pasition. Sample positions will be selected based on 
use of a random number table. The manufacturer will be allowed to manually obtain 
the dried companion Bample from the automatically set ccxl subsequent to drying. The 
manufacturer will side track the test car after firing and manually remove the fired 
wmpanlon samples. The sampling will include at least one fop set specimen. The 
companion samples will be further divided in half, if necessary, in the event that both 
fluorine and sulfur tests am to be obtained. Each sample pair will be sent to the test 
vendor. As an mitematiwe to use of a statWcaily designed terst matrix for 
sampling one car, the manufacturer will be allowed tu seleot'samples by 
an experienced person with knowledge of a particular kiln's variations 
and their effect on product properties such as cold water absorption. 

Time Period: It is anticipated that this test perlod may involve at least one month after 
receipt of specimens from the vendors. 

sampling one kiln oar will be provided with companion mass balance samples drawn <- 

devCation for the test method being employed. The minimum number of companion ._ 
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pumsg: Establish complianm duhg the Wfflal year and subsequent yearn. 

For a period of one year, the manufacturer will o w n  one sample of 
companion dried and fired product (the latter from E top set position) per quarter for the 
products made in that quarter which are lncluded in the top 25% of pmduction volume. 
Fluorine and sulfur emissions will be determined by the mass balance method by the 
apprapfkte test vendors. 

Frnlssloos CaJa&&m 

A. The emissions calculation for any Bingular produd will be made as follows: 

Emissions (Iwton) P M a s s  Balance Data (Itafton) X Factor 1 X Faclor 2 

where: 

Factor 1 =correlation facbr between tup set btfck and whole oar average emissions. 

Factor 2 = correJation M o r  behveen mass balance detemlnatlon and stack EBst 

B. For pmducts falling outside the category of the top 25% of production volume. the 
emissions wlll be estimated using (he data for each raw matend in the rnlx for that 
praduct in the following manner: 

Emissions (IMon) = Content in M i  X Average Loss Factor X Factor 1 X Factor 2 

_. 

where; 

Content In mix = content of fluorine or sulfur estimated fmm the fract*m of raw material 
in each mix times the content (fraction) of the species of Intersst In that raw material 
and expressed as Won of production volume. 

Average Loss Factor = Fraction of fluorine or sulfur species lost in firing in a particular 
plant calculated fmm the lass by mass balance for that species for each of the products 
included in the top 25% of production volume expressed as a numerical average times 
100. 

Factors 1 and 2 = as defined above. 
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Nate: Data ior fluorine or sulfur on any raw material or dried produd is to be oonverted 
to a fired weight bases before use In any mass  balanoe oalculation or use as "content 
In Mif as defined above. The oonverelon b made as fdlow8: 

S or F Content (dried Wight basls) 

[ 1 - (Loss On Ignition X l00)l 
S or F (weight percent, fired weight W s )  = _c- 

Loss On Ignition is defined as the peroentage of weight loss on exposure of a dried 
apeolmen of raw material or formed produot fired to 1832OF until a consfant weight is 
achieved. 

C. The total emissions for any tlme pedod will be calculated from the emission factors 
for each product as determined above as multiplied by the pmduction volume far each 
pIoduct and expressed as a sum far a particular Spd43S that was emitted. 

Test YemcTesting sohedules beyond year one of compliance teeting will 
be m i n e d  based on results of the inttial year's aclivlty. 

4. mrence-ence M a  

"Hydrogen Fluoride Emissians In Ceramic Mmufaoturing." Denis A. Brosnan and John 
P. Satidem, Journal of the Canadian Ceramic Sociely,&i (4) 4-9 (1994). 

'Monitoring For Hyd- Fluoride Emissions In Ceramic Manufacturing," Ceramic 
Industry Magazine, u ( 1 )  38 - 40 (1994). 
"Technology and Regulatory Consequences of Fluorine Emissions In Cekmic 
Manufactuhng,' American Ceramic Society Bulletln, 23 (12) 17981802 (1992). 

%orrelation of Laboratory Measurements and Field Measurements of Fluoride 
Emission In Ceramic Manufacturing," John Sanders and Denis A. Brosnan, The 
American Ceramic Society Annual Meeting, Indianapolis, Paper S-8-94, April 27, 
1994. 

DQ/Dr. Brosnan/Compliance/Mass Bal W 4 R e v  8/95 
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April 1 I ,  1996 

Mr. Ron Meyers 
US .  Environmental Protection Agency 
Office of Air Qualilty Planning and Standards 
Emission Factor and Inventory Group 
Research Triangle Park, NC 2771 1 

Dear Ron: 

Enclosed are the stack test results conducted by the Center for Engineering Ceramic 
Manufacturing at Clemson University during 1994 and 1995 at 8 brick plants. You may contact 
Dr. Denis Brosnan directly if you have any questions or want more specifics regarding these 
tests. We hope this information will be helpful in revising AP-42 for brick manufacturing. 

On another matter, the brick industry would like to meet with you and James Crowder in 
Emission Standards. Ms. Susan Fairchild Zapata of Mr. Crowder’s office visited a brick plant in 
North Carolina and mentioned that it might be appropriate to combine the cromium refractory 
industry with the clay brick industry for air emission regulatory purposes. We would like to 
discuss this matter and also the presumptive MACT process and its relevance, if any, to our 
industry. 

1 1490 Commerce Park Drive, Reston, Virginia 22091 -1 525 Phone: 703-620-001 0 Fox: 703-620-3928 



Mr. Ron Meyers 
Page Two 
April 11, 1996 

Our representatives for such a meeting would be Walt Banyas of General Shale Products 
Corporation, Dr. Denis Brosnan of Clemson University and myself. We’d like to offer the 
following dates for a meeting at your offices: 

lstchoice - July 16 
2ndchoice - July 15 
3rdchoice - sometime the week of July 8-12 

I’ll call you next week to see if you can arrange to meet with us. 

VeIy truly yours, 

Nelson J. Cooney 
President 

NJC:cb 

Enclosure 

copy to: Walt Banyas 
Dr. Denis Brosnan 
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U N I V E R S I T Y  

August 6, 1996 

Mr. Ronald E. Meyers 
Environmental Protection Agency 
Technical Support Division 
Office of Air Quality and Standards 
79 T. W. Alexander Boulevard , 

4201 Building, MS-14 
Research Triangle Park, NC 27711 

Re: Preliminary Test Reports From The Brick Institute 
. . of America (BIA) Hydrogen Fluoride Research Program 

. I  
. r  4 Dear Ron: . .  

Following our meeting at RTP on July 15, 1996, I have assembled Preliminary 
Test Reports for most of the sites where BIA has provided emissions data to you in the 
,past. This data was obtained in a program where Clemson University students 
performed research and earned degrees. The.stack test supervisor was Barry Ellis 
.who completed-EPA's stack testing school in California. Analytical work was performed 
by Armstrong Environmental of Dallas, TX. . 

I regret that I do not have complete information. in some of the. reports. These 
files have survived two, office moves; and Mr. Ellis leti' our. employment in 1994. In 
addition, data was not available. in my files for tests ,at Richtex Corporation in 1994, 
conducted under the supervision of Mr. Warren Brown;'who left our employment in 
1995. 

Th,ank you for the opportunity to assist EPA in,efforts to improve emissions factor 

. ' 
, .  

' 

' .  

information for the brick industry. 
, .  

. .  

. .  

2 

Professor 'and Director 

c: Mr. Walt Banyas, General Shale Products Corporation 
Mr. Nelson Cooney, Brick Institute of America 

ldab ' 

C E N T  E R. F O R  E N  G I N E E R I N G  C E R A  M I C  M A.N, U F A C T  U R I N G ' , 

Crdlegc of Enginrcring si Science 100 Clrmi~in Rlvd.. A n d e r s y  SC 29625 

864.656.1094 FAX 864.656.1095 



Preliminary Stack Test Report 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clemson, SC 

Member: Endicott Clay Products 
Fairbury, NE 

Test Dates: July 6-8, 1993 

Tests Performed: Method 13B 

Test Supervisor: Barry Ellis 

Test Helper: John Clayton 

Analytical Contractor: Armstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clemson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 
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Endicott Clay Product 
EPA Method 13B Result 

(Total Fluorides) 

Vm(std) 61.70538 
Vwc = 4.42458 

Vwsg(std 0.619551 
Bws = 0.076804 

Md = 28.968 
Ms = 28.12561 

AVG Vs = 56.97539 
Qs = 1061930 

F1- ppmdv = 28.27664 

F1- tons/yr = 6.110682 
PMR FL- lb/hr = 1.395133 



Endicot method 13B 

RUN 2 

Vm(std) 81.66818 
vwc = 5.6484 

Vwsg(std 0.777032 
Bws = 0.072939 

Md = 28.968 
Ms = 28.16801 

AVG Vs = 54.59708 
Qs = 1335438 
PMR = 0 lb/hr 
PMR = 0 tons/yr 

F1- ppmdv = 219.4531 
PMR FL- 1Q/hr = 1.444954 
F1- tqnsjy? = 6.328898 



Endicot method 13 

RUN 1 

Vm(std) 41.74257 
Vwc = 3.20076 

Vwsg(std 0.46207 
Bws = 0.080669 

Md = 20.968 
Ms = 20.00322 

AVG Vs = 59.3537 
Qs = 700421.6 

PMR = 0 lb/hr 
PMR = 0 tons/yr 

F1- ppmdv = 346.0797 
PMR FL- lb/hr = 1.345312 
F1- tons/yr = 5.892461 



Armstrong 
Environmental Inc. 

4747 Irving Boulevara. bm4 Dallas, Texas 75247 (214) 631-0021 FAX(214) 905-0634 

July 30, 1993 

College of Engineering 
Center for Engineering Ceramic Manufacturing 
B13 Olin Hall, Box 340908 
Clemson University 
Clemson, SC 29634-0908 

Attn: Barry Ellis 

Subject: Brick Kiln Exhaust Fluoride Analysis 
Armstrong Environmental, Inc. Project W-1394-93 

Dear Barry: 

Analysis was performed on the samples sent from your facility 
following USEPA Method 13B for Fluorides. Results indicate the 
following: 

Sample F1-, uq/ml Total F1-, mq 
R13B Blank 0 -- 
E13B Blank 0.4 -- 
R13B Run 1 130 
R13B Run 2 117 
R13B Run 3 120 

E13B Run 1 158 
E13B Run 2&3 164 

105.95 
122.38 
104.40 

32.308 
80.164 

It was decided to run the samples through the IC to see what the 
concentrations really were. Results indicate the following: 

Sample F- HF c1- HC 1 SO4 
uq/ml mq uq/ml mq uq/ml mq 

R13B-1 160.1 136.48 9.71 6.57 ND ND 
R13B-2 121.8 134.16 10.67 9.21 32.66 34.17 
R13B-3 158.98 145.59 11.27 8.41 26.98 23.47 

E13B-1 249.9 53.87 76.73 15.79 160.9 32.98 
E13B-2 254.1 130.89 50.68 24.62 162.4 79.60 

0 
0 

R13B-Bl 0 -- 1.87 -- 
E13B-Bl 0.3 -- 1.81 -- 

1 
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w . ; The above were the only anions detected, although a small amount 
the peak too small of nitrates was visible on the chromatogram, 

to integrate. 

We are pleased to have been of service to Clemson University. 

Submitted by: 
ental, Inc. 

TA/os 

2 



Member: 

Preliminary Stack Test Report 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clemson, SC 

Bora1 Bricks, Inc. 
lsenhour Division 
Salisbury, NC 

Test Dates: July 6-8, 1993 

Tests Performed: 

Test Supervisor: Barry Ellis 

Test Helper: John Clayton 

Analytical Contractor: Armstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clemson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 

Methods 5, 8, and 26 



ISENHOUR 

BYDROGEN FLUORIDE EMMISSIONS 

RUN # 

E l  l b /h r  
E2 l b /h r  
SD lb /h r  

SOURCE 
1 2 3 

2 . 1 8 1 2 8  2 . 5 2 0 9 2 3  2 . 3 1 2 7 6  
1 . 0 1 3 9 5 6  2 . 6 7 2 9 5 9  
2 . 5 1 0 5 2 2  2 . 4 0 8 8 6 5  1.651604 

AVERAGE 
2 . 3 3 8 3 2 1  
1 . 8 4 3 4 5 7  
2 . 2 5 6 9 9 7  

AVERAGE l b / h r  - 6 . 4 3 8 7 7 5  
tone/yr - 2 8 . 2 0 1 8 4  

HYDROGEN CELORIDE EMMISSIONS 

SOURCE 
E l  
E2 
SD 

RUN # 

l b /h r  
l b /h r  
l b /h r  

SULFUR E1-.-;SIONS 

RUN # 

E l  l b /h r  
E2 l b /h r  
SD lb /h r  

SOURCE 

*** NOTE *** 
SO3 is considered 
sulfur emissions 

1 2 3 

0 . 6 0 5 3 7 1  0 . 7 0 4 4 7 7  0 . 5 9 4 6 8  
0 . 2 3 8 2 3 9  0 . 8 4 0 1 0 4  
0 . 1 4 1 6 5 2  0 . 1 1 5 5 1 5  0 . 1 2 7 7 3 6  

AVERAGE l b / h r  - 
tons/yr - 

(SO2 and SO3 COMBINED) 

1 2 3 

3 . 5 4 7 6 0 9  3 . 6 0 3 7 9 8  3 . 5 7 3 9 5 2  
6 . 3 7 0 9 9 5  6 . 3 1 1 3 8  7 . 0 0 4 9 2 6  
3 . 7 5 2 2 0 6  3 . 0 6 0 8 4 9  3 . 3 1 6 3 0 9  

AVERAGE l b / h r  - 
tons/yr - 

to be ten percent ( 1 0 % )  of total 

AVERAGE 
0 . 6 3 4 8 4 3  
0 .539172  
0 . 1 2 8 3 0 2  

1 . 3  0 2 3  1 6  
5 . 7 0 4 1 4 3  

AVERAGE 
3 . 5 7 5 1 2  

6 . 5 6 2 4 3 4  
3 . 3 7 6 4 5 5  

1 3 . 5 1 4 0 1  
5 9 . 1 9 1 3 6  
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PARTICULATE EMMISSIONS 

RUN # 1 2 3 . .  

SOURCE 
El lb/hr 2.073392 3.317225 3.573952 
E2 Ib/hr 3.963942 6.444239 4.532475 
SD lb/hr 18.20771 16.82326 13.33171 

AVERAGE 
2.98819 
4.980219 
16.12089 

AVERAGE lb/hr = 24.0893 
tons/yr = 105.5111 



Vm(std) = 

vwc = 

W s g ( s t d )  = 

BWS = 

. .  

Md = 

Ms = 

AVG V s  = 

dscf  = 

Qs = 

PMR = 

DEFINITION OF TERMS 

Standard V o l u m e  Metered 

H2O Col l ec t ed  i n  Impingers  i n  Standard Cubic F e e t  

H2O Col l ec t ed  i n  S i l i ca  G e l  i n  Standard Cubic Feet 

Moisture  Content  of S t a c k  G a s  

Dry Molecular  Weight of S tack  G a s  

W e t  Molecular  Weight of S tack  G a s  

Average S tack  G a s  V e l o c i t y  

Dry Standard Cubic F e e t  

Average S taak  G a s  V e l w i t y  ( d s c f / h r )  

P o l l u t a n t  Mass R a t e  

ppmdv = HF- P a r t s  Pe r  H i l l i o n  ~ r y  volume 

' _  
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FINAL RESULTS 
Company: Isenhour 

Method: 26 
Location: E1 

Date: 

Run 8 

Vm(std) - 
Vwsg(std) - vwc - 

B w s  - 
Md - 
M s  - 

AVG V s  - 
Qs - 

PMR - 
PMR - 

P1- ppmdv - 
PMR FL- Ib/hr - 
P1- t o n d y r  - 

C1- ppmdv - 
C1- lb/hr - 

C1- tons/yr - 

1 2 3 

31.68023 32.15732 31.7031 
2.54178 2.066373 2.560608 

0.363055 0.485645 0.46207 
0.083991 0.073525 0.087044 

29.42 29.42 29.42 

28.46082 
30.72188 
410918.1 

0 
0 

107.6633 
2.18128 

9.554004 
16.01153 
0.605371 
2.651524 

28.58034 
35.57918 
479726.4 

0 
0 

106.5805 
2.520923 
11.04164 
15.96025 
0.704477 
3.085609 

28.42596 
37.45407 
491476.2 

0 
0 

95.44203 
2.31276 

10.12989 
13.15066 
0.59468 
2.6047 

AVERAGE 

31.84688 
2.389587 
0.436923 
0.08152 

29.42 

28.48904 
34.58504 
460706.9 

0 
0 

103.2286 
2.338321 
10.24184 
15.04081 
0.634843 
2.780611 

S DEVIATI 

0.219711 
0.228676 
0.053112 
0.005789 

0 

0.06611 
2.836876 
35531.27 

0 
0 

5.523647 
0.139832 
0.612463 
1.336702 
0.049432 
0.216512 



. . ., 

Company: Isenhour 
Method: 5-8 

Location: El 
Date: 11/30/93 

Run ? ' 1 

Vm(std) - 
vwc - 

Vwsg (std) 

Md - 
Ms - 

AVG Vs - 
BWS - 
Qs - 

PMR - 
PMR - 

S02, ppmdv - 
S02, lb /hr  - 

S02, ton/yr - 

33.98628 
2.54178 

0.363065 
0.083991 

29.42 
28.46082 
30.53457 
413064.4 
2.073392 
9.081458 
48.57805 
3.335932 
14.61138 

2 

39.09825 
2.066373 
0.485645 
0.073525 

29.42 
28.58034 
35.6388 

479042.7 
2.358023 
10.32814 
41.61613 
3.314325 
14.51675 

3 

40.59953 
2.560608 
0.46207 

0.087044 
29.42 

28.42596 
37.44 87.1 
491536.1 
4.214902 
18.46127 
43.73549 
3.573952 
15.65391 

S03, ppmdv - 2.466441 2.876709 0 
S03, lb/hr - 0.211678 0.286323 0 
S03, ton& - 0.927148 1.254095 0 

Total SOX - 3.547609 3.600649 3.573952 
15.53853 15.77084 15.65391 

AWRAGE 

37.89468 
2.389587 
0.436927 
0.08152 

29.42 
28.48904 
34.54069 
461214.4 
2.882106 
12.62362 
44.64322 
3.40807 

14.92734 

1.78105 
0.166 

0.727081 

3.57407 
15.65443 

S DEVIATI 

2.830803 
0.228676 
0.053107 
0.005789 

0 
0.06611 

2.927535 
34427.08 
0.949566 
4.159098 
2.913768 
0.117628 
0.515209 

1.270481 
0.121271 
0.531168 

0.021653 
0.094842 



I,: 

' , ., 

P I m  ReSULTS 
Company: ISENHOIJR 
Method: 26 

Location: E2 
Date: 11/29/93 

Run 4 

Vm(std) - 
Vwsg(std) - vwc - 

Bws - 
md- 

Ms - 
AVG Vs - 

Qs - 
PMR - 
PMR - 

P1- ppmdv - 
PMR PL- I b / h r  - 

F1- tons/yr - 
C1- ppmdv - 
Cl- Ib/hr - 

C1- tons/yr - 

1 

33.62646 
0.240057 
0.42435 

0.019376 
29.34 

29.12028 
92.95776 
1755459 

0 
0 

11.71494 
1.013956 
4.441126 
1.474991 
0.238239 
1.043488 

2 3 

33.95003 
1.219113 
0.49036 

0.047939 
29.34 

28.79637 
98.01192 
1667162 

0 
0 

32.51818 
2.672959 
11.70756 
5.476736 
0.840104 
3.679655 

AVERAGE 

33.78824 
0.729585 
0.457355 
0.033657 

29.34 

28.95833 
95.48484 
1711310 

0 
0 

22.11656 
1.843457 
8.074343 
3.475863 
0.539172 
2.361571 

S DEVIATI 

0.161784 
0.489528 
0.033005 
0.014282 

0 

0.161953 
2.527079 
44148.53 

0 
0 

10.40162 
0.829502 
3.633217 
2.000872 
0.300932 
1.318083 



,. 

’ . ., 

Company: ISENHOUR 
Method: 5-8 

Location: E2 
Date: 12/2/93 

Run # 1 2 3 

Vm(std) - 
vwc - 

Vwsg( std) 

Md - 
Ms - 

AVG Vs - 
Ews - 
Qs - 

PMR - 
PMR - 

502, ppmdv - 
S02, lb /hr  - 
SO2, tonJyr - 

33.56848 
0.240057 

0.4986 
0 .a19316 

29.34 
29.12028 
96.99805 
1692975 
3.963942 
17.36207 
21.01621 
5.91513 
25.90821 

33.58908 
1.087317 
0.43378 

0.041914 
29.34 

28.8641 
91.43219 
1669423 

6.444239 
28.22577 
20.29268 
5.63203 
24.66029 

32.71906 
1.219113 
0.49036 

0.047939 
29.34 

28.19637 
99.93701 
1639764 
4.532475 
19.85224 
24.35836 
6.640316 
29.08459 

S03, ppmdv - 1.295984 1.958578 1.070189 
S03, lb/hr - 0.455865 0.67935 0.36461 

S03, tonlyr - 1.99669 2.975553 1.596991 

Total SOX - 6.370995 6.31138 7.004926 
27.90496 27.64385 30.68158 

AVERAGE 

33.29221 
0.848829 
0.474247 
0.036409 

29.34 
28.92712 
98.12264 
1667388 

4.980219 
21.81336 
21.88908 
6.062492 
26.55372 

1.441584 
0.499942 
2.189744 

6.562434 
28.74346 

S DEVIATI 

0.405363 
0.433816 
0.028811 
0.012293 

0. 
0.139406 
1.295218 
21770.88 
1.060919 
4.646826 
1.770852 
0.424615 
1.859814 

0.377013 
0.132218 
0.579115 

0.313834 
1.374594 

c 



Company: ISENHOUR 
Method: 26 

Location: SAWDUST DRYER 
Date: 11/30/93 

Run W 

Vm(atd) - 
Vwag(atd) - vwc - 

Bwa - 
Md - 
Ms - 
Pa - 
PMR - 
PMR - 

AVG Vs - 

F1- ppmdv - 
PMR FL- lb/hr - 

F1- tona/yr - 
C1- ppmdv - 
C1- lb/hr - 

C1- tons/yr - 

1 2 3 AVERAGE ' 

32.23021 33.13638 33.13968 32.83542 
4.245714 4.160986 3.445524 3.950142 
0.39606 0.40549 0.485645 0.429065 

0.125889 0.121118 0.106045 0.117684 
28.82667 28.82 28.82667 28.82444 

27.46371 27.50951 27.67856 
98.25636 96.27933 72.89511 
1169982 1157490 89 265.5 

0 0 0 
0 0 0 

43.52078 42.20918 41 85418 
2.510522 2.408865 1.851604 
10.99609 10.55083 8.110027 
1.315862 1.064642 1.547269 
0.141652 0.115515 0.127738 
0.620436 0.505954 0.559493 

27.55059 
89.1436 
1074912 

0 
0 

42.52805 
2.256997 
9.885648 
1.315924 
0.128302 
0.561961 

S DEVIATI 

0.427951 
0.358914 
0.040193 
0.008457 
0.003143 

0.092396 
11.51773 
125718.7 

0 
0 

0.716772 
0.289645 
1.268644 
0.188867 
0.010678 
0.04677 



Company: ISENHOOR 
Method: 5-8 

Location: SAWDUST DRYER 
Date: 12/2/93 

. .  

Run # 1 2 3 

Vm(std) - 33.98628 39.03469 40.59953 
Vwc - 4.245714 4.160988 3.445524 

VWSg ( std) 8 0.40549 0.485645 
Bws - 

Md - 
Ms - 

AVG Vs - 
Qs - 

PMR - 
PMR - 

S02, p p m d v  - 
502, lb/hr - 
SO2, ton/yr - 
503, p p m d v  - 
S03, Ib/hr - 

S03, ton/yr - 
Total Sox - 

0.125889 
29.42 

27.98235 
117.8197 
983737.9 
18.20771 
79.74975 
21.46018 
3.509717 
15.37256 

0 
1.186389 
0.24249 

1.062104 
0 

3.752206 
16.43466 

0.121118 
29.42 

28.03684 
116.9079 
962610 .5 
16.82326 
73.6859 

17.97129 
2.876002 
12.59689 

0 
0.92422 

0.184847 
0.80963 

0 
3.060849 
13.40652 

0.106045 
29.42 

28.20897 
71.94746 
890262.7 
13.33171 
58.39289 
15.25353 
2.257604 
9.888306 

0 
5.723616 
1.058705 
4.637128 

0 
3.316309 
14.52543 

AVERAGE 

37.8735 
3.950742 
2.963712 
0.117684 

29.42 
28.07605 
102.225 
945537 

16.12089 
70.60951 
18.22833 
2.881108 
12.61925 

2.611409 
0.495347 
2.169621 

3.376455 
14.78887 

S DEVIATI 

2.82194 
0.358914 
3.561344 
0.008457 

0 
0.096583 
21.41271 
40025.21 
2.051638 
8.986175 
2.540366 
0.511186 
2.238993 

2.203264 
0.399049 
1.747833 

0.285432 
1.250191 
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E03 656 1095 Pa2 DEC 22. '93 11:46 RRMSTRONG EWIRONMENTAL INC 21490506334 TO: 
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15-8ImplRlEl 
15-8Imp2-3RlEl 
15-8 Imp lR2El 
15-8Impe2-3RZEl 
15-8Impl,2,3R3El 

IS-BImpeRlEZ 
15-81mpe2-3RlE2 
15-8ImplR2B2 
15-8Impe2-3A2EZ 
15-8ImplR3B2 
15-8Irnpe2-3R3EZ 

I5-8ImplR15D 
IS-BImpe2-3RlSD 
15-8ImplR25D 
I5-8Impe2-3R25D 
15-8ImplR35D 
15-8ImpeZ-3R35D 

detection 1 M t  - 0.0002 mg 

SO3 602 Particulate 
mg 

38.4 

45.0 

111.4 

24.2 

24.2 

14.2 

51.6 

45.4 

44.4 

We are pleased to have been of service to Clemson University. If 
you have any queetione please give me a call at the above number. 

Submitted by: 
Armetrong Environmental, Inc. 

fjjzL& J f Lovett 

Project Manager 
a/ jl 



Preliminary Stack Test Report 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clemson, SC 

Member: Bora1 Bricks, Inc. 
Biskerstaff Division 
Phenic City, AL 

Test Dates: February 10-11, 1993 

Tests Performed: Methods 8, 138, and 26 

Test Supervisor: Barry Ellis 

Test Helper: Plant Personnel 

Analytical Contractor: Armstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clemson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 



Method: 2 6 A  

R;ln d 

Vm(stdi = 

Vwsg(3td)  = 
vwc = 

Bws = 
Md = 

Ms - 
Qs = 
Prn = 
PMR = 

AVG Vs = 

Fi- ppmdv - 
FMR FL- l b / h r  = 

Fi- tons/yc = 

C1-  ppmdv = 
C 1 -  l b / h c  = 

cL- tondyr = 

1 2 3 AL'EWGE 

45.i72195 4i.47231 45.14793 45.597199 
4.E74051 4.352757 3.930345 4.219041 
0.532795 0.495075 0.410205 6 . 4 7 9 3 5 3 2  

29.0@ 29.08 29.03 2 9 . 0 8  
i1.101341~ o.osogi95 o.oa77oez 0 . 0 3 3 3 2 ~  

27 , 9 5 7 1 3 3  28.0726i2 28.108193 26.045979 

737359.63 735695.54 73i736.9 735997.35 
0 0 0 0 
0 C 3 0 

2.1265266 3.3157431 3.860892 2.7663'272 
13.702946 1 4 . 5 2 2 ~ 5 5  8.13C7C69 12.125536 

20.942463 23.14067 li.111059 16.398064 

~ 5 . ~ ~ 3 9 1 6  55.004411 55 .337698  55.322~0ti 

95.995a95 91.413139 x . 5 7 ~ 5 8 3  76.328539 

1.4z179e5 ~.,c664175 o.?4eo729 1.2454263 
6.2274336 6.860scea 3.2765591 5.4549672 



F1NP.L RES“S?S 
Company: Bi-kerz-aff 
Method: 8 

Run # * 2 3 AVZWGE 

Vn(std) e 3 1 . 3 9 5 1 1 6  32.044286 11.420944 31.6201?5 
vwc = 3 3 0 

Bus = 0,0933232 3.0533232 G.0533232 0.0933232 
!.Id = 2 9 . 0 8  29.06 29.08 29.08 
x3 - 29. “45979 ‘26.045975 28.045919 29.045979 

A’Jt- Vz = 55,235175 53.’300176 55.167669 54.469075 

VwsS(std1 = C 0 0 

Q3 - 736559.a7 i629n4.12 i31310.27 745637,95 

S02, pprndv = 25.59~754 22.429677 22.sl59056 23.66iaz9 
SO?, lb/!-.r = 3.1343826 2 . 8 4 5 1 G 1 8  2.614485 2.9312232 

502, toc/yc = 12.726596 12.461546 12.327444 12.839195 

503, pprndv = 4.1233013 4.0397641 3.7822142 3.9817616 

S03, tcr . /yr = 2.7 539427  2 . 8 C 4  9975  2.5382533 2,7O228?1 
S03, l b i h r  = 0.6310143 0.64041~4 0.579452a 0.6i69592 

Tccal  SOX = 3.7653969 3.4855122 3.3939378 3.5482823 . 
ton/yr = 16.492136 15.2C5L.44 14.665448 15.541477 



I . FpR 18 '55 04:affl OJ CERFIIIC ENTER P. 4 *' ., 

c l ! U U  nEYUL'l3 
company: u i w e r s c a z c  
Method: ?3B 

Run # 

V m ( s t d )  = 

Vwsg(s+d) = 
vwc = 

Bws 0 

Md = 

Ms = 

tis = 
?MR = 
PMR = 

AVG Vs = 

F1- ppmdv = 
PMR FL- l b / h r  = 

F1- tcns/yr = 

1 2 3 AVZFAGZ 

44.962377 4 4 . 5 G 1 5 5 6  4 4 . 8 7 6 2 6 ' :  44.826733 
C 0 0 G 
0 0 0 3 

0.0933232 0.C932532 5.0933232 0.0933232 
29.08 29.oe 29.09 29.08 

ia.04~979 28.0:5974 2 6 . ~ 4 5 9 7 9  28.045979 
55 .127967  55.706925 5 5 . 7 2 9 8 5 5  5 5 . 5 2 1 5 3 2  
731625.01 731287.82 73103i.5i 733381.55 

0 0 0 0 
0 0 0 0 

136.84345 133.23763 126.24663 132.14257 
4.9783245 4.604007 4.5529488 4 . 7 7 8 6 9 3 4  
21.E04185 21.54i55 L 9 . 9 4 6 2 9 6  20.930E77 



Preliminary Stack Test Report 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clernson, SC 

Member: Redlands Brick 
K-F Division 
East Winsdor, CT 

Test Dates: a131193 - 911193 

Tests Performed: Methods 5 8 ,  and 26 

Test Supervisor: Barry Ellis 

Test Helper: Plant Personnel 

Analytical Contractor: Armstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clemson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 



... 

METHOD 26 

F l u o r i d e  
Run # lb/hr t o n s / y r  

1 7.59516 33.2668 
2 6.193272 27.12653 
3 6.850484 30.00512 

AVERAGE 6.879638 30.13282 
Std. dev 0.57269 2 .508381 

METHOD 8 

so2  
Run # l b / h r  t o n s / y r  

1 7.157904 31.35162 
2 7.504624 32.87025 
3 6.598077 28.89958 

AVERAGE 7.086868 31.04048 
S t d .  dev 0.37349 1.635884 

Chloride  
Ib /h r  t o n s / y r  

3.219268 14.1004 
2.503449 10.96511 
2.839212 12.43575 

2.853977 12.50042 
0.292418 1.280793 

SO3 
I b / h r  t o n s / y r  

0.273202 1.196627 
0.613026 2 -685054  
0.356653 1.562139 

0.414294 1.814607 
0.144596 0.633329 

AVERAGE TOTAL SOX = 7.501162 lb/hr 
32.85509 t o n / y r  



Method 26 C a l c u l a t i o n s  

A r e a  of s t a c k  ( f t  squared)  
t o t a l  # of t r a v e r s e  p o i n t s  
T e s t  Time Minutes  
AVG Stack Temp DEG F 

s t a c k  a b s o l u t e  p r e s s u r e  
B a r o m e t r i c  Pressure  
Squre r o o t  of De l t a  P AVG 

%C02 
pi02 
%N2 + %CO 

Moisture Collecte ( m l  or g )  
I m p  1 
Imp 2 
Imp 3 
Imp 4 

s i l i c a  g e l  ga in  

Area of nozz le  ( f t  squa red )  
AVG Del ta  H 
AVG Meter temp deg F 

12 -56664 
24 

41.3 
396.75 

-0.63 30.85368 
30.9 

0.703841 

.. 
4 

19.5 
78.5 

31.4 
0 
0 
0 

4 . 8  

2.5 
100.625 

~ r y  gas m e t e r  c o r r e c t i o n  f a c t o r  1 
V o l u m e  metered 30.215 
P a r t i c u l a t e  weight 
T o t a l  F1-, mg 6 .78  
F1-, ug/ml 



METHOD 2 

Fluoride 
Run # I b / h r  tons/yr 

1 7.59516 33.2668 
2 6.193272 27.12653 
3 6.850484 30.00512 

AVERAGE 6.879638 30.13282 
Std. dev 0.57269 2.508381 

METHOD 8 

so2 
Run # l b / h r  tons/yr 

1 7.157904 31.35162 
2 7.504624 32.87025 
3 6.598077 28.89958 

AVERAGE 7.086868 31.04048 
Std. dev 0.37349 1.635884 

Chloride 
I b / h r  tons/yr 

3.219268 14.1004 
2.503449 10.96511 
2.839212 12.43575 

2.853977 12.50042 
0.292418 1.280793 

SO3 
l b / h r  tons yr 

0.273202 1.196627 
0.613026 2.685054 
0.356653 1.562139 

0.414294 1.814607 
0.144596 0.633329 

AVERAGE TOTAL SOX = 7.501162 I b / h r  
32.85509 ton/yr 



r Environmental Inc. 
7715 Sovereign Row . Dallas, TX 75247 . (214) 631-0021 . Fax (214) 905-0634 

October 11, 1993 

College of Engineering 
Center for Engineering Ceramic Manufacturing 
B13 Olin Hall, Box 340908 
Calhoun Drive 
Clemson University 
Clemson, SC 29634-0908 

Attn: Barry Ellis 

Subject: Air Quality Testing Sample Analysis 
Armstrong Environmental, Inc. Project W-1394-93 

Dear Barry: 
The sample analysis you requested was performed following USEPA 
Title 40: Method 8 and 26 specifications. Results indicate the 
following: 

Sample F- c1- 

KFM2 6R2 imps 1C 5.7 1.90 

KFM26R2imps3-4 N/D N / D  

KFM26R3imps3-4 N / D  N/D 

Total mg 

KFM26Rlimpsl-2 78.80 33.40 
KFM26Rlimps3-4 N/D N/D 

KFM26R2imps2 55.9 23.0 

KFM2 6R3hps 1-2 67.8 28.1 

so2 

78.6 

75.9 

70.3 

--- 
--- 
--- . 

N / D  detection limit - 0.0002 mg 
We are pleased to have been of service to Clemson University. If 
you have any questions please give me a call at the above number. 

Submitted by: 
Armstrong Environmental, Inc. 

/f+vA..i" Jeff Lovett 
Project Manager 
JL/jl 
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Preliminary Stack Test Report 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clemson, SC 

e- 
& >-<*& 

Member: Richtex Corporation 
Plant 4, Columbia, SC 

Test Dates: 611 5193-611 8/93 

Tests Performed: Method 136 

Test Supervisor: Barry Ellis 

Test Helper: Chuck Overmann 

Analytical Contractor: Armstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clemson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 



I 

Col I eg e of En g in eer i n g - 
CENTER FOR ENGINEERING CERAMIC MANUFACTURING 

Date: 8-17-93 

From: Barry N. Ellis 
To: Mr. Mitch Wells 

Subject: HP Test Results 

The results from the total fluoride test (6-15 through 
6-18) have been completed and are listed below. 

Run # lbs/hr tons/yr %Isokinetic 
1 4.76 20.8 114 
2 5.46 23.9 115 
3 4.62 20.2 116 

AVERAGE 4.95 21.6 115 

Please note tha.t all three runs were over isokinetic. This 
suggests that the actual releases could be less than what is 
shown above. Please contact me if you have any questions or 
comments. 

.. . 

a n  OLIN HALL . BOX 340908 . CLEMSON SOUTH CAROLINA 29634.0908. USA TELEPHONE 8031656.1094 . FAX emi656-m5 



Preliminary Stack Test Report, 

The Center For Engineering 
Ceramic Manufacturing 

Clemson University 
Clemson, SC 

Member: Bora1 Bricks, Inc. 
Plant 5, Augusta, GA 

Test Dates: November 7-8. 1994 

Tests Performed: Methods 5,8, and 26A 

Test Supervisor: Barry Ellis 

Test Helper: John P. Lloyd 

Analytical Contractor: Arrnstrong Environmental 

Note: Stack tests were performed as a part of the 
Hydrogen Fluoride Research Program sponsored by 
the Brick Institute of America. This research program 
involved Clernson University students in pursuit of 
undergraduate and Graduate degrees in Ceramic 
Engineering. 
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FFOM': Qrmstrong-Enu 
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PHONE NO. : Dec. 13 1994 12:13PM P2 

Dacember 13,1994 

College of Engineering 

B13 Olin Hall, Box 340908 
CalhounDlive 
Clenuon Uniwsity 
Clemson, SC 296344908 

Am: John Lloyd 

Subject: Air Quality Testing Sample Analyds 

Center for h g h e r i i  Ceramic Mamrfaaurin B 
I) 

Armstrong ~mrironmamal, Ine. Projm W-1394-94 

Dear Mr Lloyd 

The sample analysis you requested was performed using USEPA Tide 40 Mehdology and specificatiom 
Reds indicate the following: 

Sample SO3 

RlMY8 32.55 
R2M5/8 24.30 
R3MS/8 26.59 
Blanks 
8OOh P A  0.006 mg/d 
m02 0.028 &mi 

DnectionLimit 0.006 mdml 

F- 

R4W6 85.8 
R5M26 75.9 
R6M26 82.1 
Blanks 
I320 N D  
mS04 N/D 
NaOH N/D 

W o n  Limit 0.2 udml 

TowJ mg 
so2 

96.28 
99.03 
99.94 

CI- 

42.9 
38.1 
40.4 

N D  
N D  
N/D 

We are pleased to have bcen of ranice to Clsmson Univcrsiry. If you have any questions plssoo give me a 
call. 

Submitted by: 
Armstrong Environmed. Jnc. 

&5@+ Projm Manager 

rrJjl 



FROM .: Qrmstrong-Env PHONE NO. : Dec. 13 1994 12:14PM P3 

Plant Clemson 
Locarion Furnace111 Ex 
Train SOX 

Location 

R1 MY8 Imp1 
Imp 2-3 

R2 M518 Imp1 
Imp 2-3 

R3 MY8 Imp1 
Imp 2-3 

Blank H202 
Blank IPA 

lacation 

R1 MY8 Imp1 
Imp 2-3 

F12 MY8 Imp1 
Imp 2-3 

R3 MY8 Imp1 
Imp 2-3 

Blank H202 
Blank IPA 

SO3 
SO2 

SO3 
SO2 

SO3 
so2 

SO2 
SO3 

Total Grams 

0.03255 
0.096275 

0.024298 
0.099026 

0.02659 
0.099943 

o.oo0138 
3.44E-05 

Volume mls 

200 
500 

200 
500 

200 
500 

5 
5 

Total Mg 

32.55 
96.28 

24.30 
99.03 

26.59 
49.94 

0.14 
0.03 

Dilution 

1 
1 

1 
1 

1 
1 

1 
1 

Sfandarim'on Ba (CI02J4 
Tier Avg Tmr 

11.6 11.7 11.6 11.63333 

Titer 

2.4 2.3 
3.5 3.5 

1.7 1 .a 
3.6 3.6 

1.9 1.9 
3.6 3.7 

0.5 0.5 
0.1 0.1 

Normality 
0.008595989 

A q  Titer 

2.4 2.366667 
3.5 3.5 

1.8 1.766867 
3.6 3.6 

2 1.933333 
3.6 3.633333 

0.5 0.5 
0.1 0.1 

All nvations perfDrmed using 5 ml aliquot 



FROM .: Armstrong-Enu 

D e s c r i p t i o n  : Channel 1 
C o n d i t i o n s  : 5 a n i o n  s t d  

: 1/100 
Date : 12/09/1994 
l i m e  : 14:49:48 

tonponent 

tl- 

N04- 

P04- 

SO4 

Externa l  

0.41 

0.79 

1.18 

2.08 

?' 

PWNE NO. : Dec. 13 1994 12:14PM P4 

-0 . 8 0 0 m V  8 .000rn' 

I.. 
U n i t s  eation Height  

1.750 

4.075 

5.708 

7.633 

2.409 

1.538 

0.930 

2.518 

Area 

14.80 H 

14.28 n 

17.56 f i  

46.62 n 



.. 
... 
FROM .: Armstrong-€nu PHONE NO. : Dec. 13 1994 12:15PM P5 

D e s c r i p t i o n  : Channel 1 
C o n d i t i o n s  : 5 a n i o n  s t d  

: 1/10 
Date : 12/09/1994 
Time : 15:07:20 

F- 

Cl- 

- 0 . 8 0 0 m V  8. OOOmV 
Component External Units Retention 

NO4- 

P04- 

504 

1.075 

1.758 

4.050 

1 

~ , 5.691 

7.608 

Height 

19.173 

16 .I64 

15.510 

8.692 

18.554 

Area 

122.94 II 

101.07 H 

162.35 n 

137.45 n 



PHONE NO. : Dec. 13 1994 12:56PN P 1  

Armstrong 
Environmental Inc. . . . faX (214) 905.0634 OdlaS. TX 75247 (214) 651-0021 7715 Sovereign Row 



, FROV : Qcmstrong-Enu 
6)' I 

/ 

PHONE NO. : 

Plant Clemson 
Location FumaceUl Ex 
Train sox 

Location TOW Grams T d  hip 

R1 MY8 imp1 SO3 0.03255 32.55 
Imp 2.3 SO2 0.096275 96.28 

FQM5/8lmpl SO3 0.024298 24.30 
Imp 2-3 so2 0.099026 99.03 

iUMY8Impl  SO3 0.02659 26.59 
Imp 2-3 5 0 2  0.099943 99.84 

Dec. 13 1994 12:57PM P3 

BlankH202 SO2 0.000138 
Blank IPA SO3 3.44E-05 

0.1 4 
0.03 

Location Volume mls Dilub'on Titer Avg Tter 

R1 MY8 Imp1 
Imp 2-3 

R2 MY8 Imp1 
Imp 2-3 

W MY8 Imp1 
imp 2-3 

Blank H202 
BlanklPA 

200 
500 

200 
500 

200 
500 

1 
1 

2.4 2.3 2.4 2.366667 
3.5 3.5 3.5 3.5 

1 1 .7 1.8 1.8 1.766667 
1 3.6 3.6 3.6 3.6 

1 
1 

1.9 1.9 2 1.933333 
3.6 3.7 3.6 3.633333 

5 1 0.5 0.5 0.5 0.5 
5 1 0.1 0.1 0.1 0.1 

Standarit lon Ba (U02)4 
l i te r  A V ~  Titer 

11.6 11.7 11.6 11.65333 
Normality 
0.008595969 

All litraions performed using 5 ml aliquot 



PHONE NO. : Dec. 13 1994 12:56PM P2 

'Deccmba 13,1994 

Coucgc of Engineering 
Center for En- Ceramic Manufacturing 
813 O h  Hall, Box 340908 
Calboun Drive 
Clemon University 
Clmson. SC 29634-0908 

Ann: John Lloyd 

Subject: Air Qualiry T&g Sample Analysis 
Amstrong Environmmd, Inc. Project W-1394-94 

Dear Mr.Lloyd 

The sample andyus you requested was performed Vring USEPA Tile 40 Methodology and speciflutionr. 
Rmlu indicate the following: 

Total mg 
Sample SO3 so2 
RlhW8 
R2MS/8 
-MY8 
Blanks 
80% P A  
m02 

32.25 96.28 
24.30 99.03 
26.59 59.94 

0.006 m g / d  
0.028 mp/d 

Detection Limit 0.006 mg/ml 

R4M26 
RSM26 
R6M26 
B h k S  
HZ0 
HZSO4 
NaOH 

Detection Limit 0.2 ug/d 

F- 

85.8 
75.9 
82. I 

NID 
NID 
NID 

CI- 

42.9 
38.1 
40.4 

NID 
NID 
N/D 

We are pleased to have been of wvice to Clcmson Univenity. If you have any questions please give me a 
call. 

Submitted by: 
Armstrong Eyironme& Inc. 



Description : Channel 1 
Conditions : 5 anion std 

: 1/100 
Date : 12/09/1994 
lime : 14:49:40 

Dec. 13 1994 12:57PM P4 PHONE NO. : 

- 0 . 8 0 0 m V  8 . 0 0 0 m V  
Component External Units - - - 

CI- 

NOI- 

POI- 

504 

0.41 

0 .79  

1.78 

2 .ou 

.antion Height 

1.750 

4 .075  

5 .108  

7.633 

2.109 

i .53e 

0 . 9 3 0  

2.518 

mi 

14.80 I! 

14.213 R 

17.56 n 

46.62 H 



. FROM : Rrmstrong-Enu 
"I 

I 
Description : Channel 1 

C o n d i t i o n s  : 5 a n i o n  s t d  
: 1/10 

Date : 12/09/1994 
T i m e  : 15:07:20 

- 0 . 8 0 0 m V  

P " E  M. : Dec. 13 1994 12:58PM P5 

8 . 0 0 0 r n V  

NO4- 

P04- 

SO1 

10.31 ug/ .c 6 

5- 

6t 15.88 u g h 1  

15.00 ug/ml 

9t- 

ention Height 

1.075 

1.756 

4.050 

5.691 

7.608 

19.173 

16.160 

15.510 

8.692 

18.551 

122.94 I( 

101.07 n 

162.35 II 

1 3 7 . 4 5  H 

331.96 fl 



Dec. 13 1994 12:58PM p6 , FROM : Amstrong-Enu PHONE No. : 
( I ,  

D e s c r i p t i o n  : Channel 1 
C o n d i t i o n s  : 5 a n i o n  s t d  

D a t e  : 12/09/1994 
T i m e  : 15:22:15 

F- 

c1- 

-25 .6OOmV 2 5 6 .  OOOmV 
Couponent External Units ~ , --------.--- 

N04- 

P04- 

504 

-._..- -7- i ”--- 100.03 Up/ 4- 

Y 

150.06 

150.04 

I 

.ention Height  

1 .066  165.712 

1.766 156.644 

3.916 134.384 

5.600 91.434 

7.516 178.940 

Area 

865.33 

886.60 

1660.42 

1336.55 

3207.75 



FRQM : Rrrnstrong-Enu P " E  NO. : Dec. 13 1994 12:59PM P7 
,I, 

I 
Description : Channel 1 
Conditions : Clemson 

: M 2 6  
: vol 500 ml 
: R4 Imps 1-2 

Date : 12/09/1994 
Time : 15:33:36 

- 1 0 2 . 4 0 0 m V  1 0 2 4 . 0 0 0 m V  
. en t ion  Height Cowonent External 

(unknown) 

1.050 752.695 

1.825 789.121 

2.800 1.001 

3.525 3.628 

0.083 2.873 

6 .808  750.986 

Area 

6711.14 

2304.41 

11.59 

36 -17  

2 8 . 1 ~ s  

3659e.28 



, FROM : Armstrong-€nu 
’?’ 

Description : Channel 1 
Condition8 : Clemson 

: n26 
: vol 500 ml 
: R 5  Imps 1-2 

D a t e  : 12/09/1994 
Time : 16:03:06 

Component 

(unknoun) 

-102.400mV 
Externa l  U n i t 8  r- 

I 

;I 5 

Br- 2.08 U O / l l  

NO4- 0.46w.g AIA 1.16 us/ 1 

I 

‘I- 
(unknown) 

PHONE No. : Dec. 13 1994 12:59PM P8 

1024 .ooom\ 

.---------- 
- -===== 

e n t i o n  Hoight Area 

0.558 0.514 16.48 

1.108 751.991 6227.88 

1.875 353.328 2198.11 

3.550 3.053 27.52 

4.108 1.708 18.15 



Dec. 13 1994 01:00PM p9 , FRON : Armstrong-Enu P " E  No. : 

Description : Channel 1 
Conditions : Clemson 

: M26 
: vol 500 ml 
: R 6  I m p s  1-2 

Date : 12/09/1994 
Time : 16:13:53 

- 1 0 2 . 4 0 0 m V  1 0 2 4 . 0 0 0 m V  
Component External Units 

(unknown) n/A 

F- 62*'N? "'16~.03 u g / d  I 

C1- 3Y,q rdj .I, Jd 71.95 u g h 1  

(unknonn) 

61- 

O*4'r3 

( unknoun 1 

ention Height 
0.000 2.200 

1.100 150.899 

1.815 372.272 

2.558 1.319 

3.558 3.042 

4.091 1.533 

6.800 749.462 

Area 
10.18 

6802.90 

2280.90 

17.14 

26.65 

11.13 

39561.50 



P " E  No. : Dec. 13 1994 B1:OBPH P1B 

Description : Channel 1 
Conditions : Clemson 

: H26 
: vol 500 ml 
: R4 Imps 3-4 

Date : 12/09/1994 
Time : 16:24:49 

-6.400mV 
Conponent E x t e r n a l  Units - r (unknown) miA 

f -  4 4 9  9.82 u a l  1 1  

CI- d a b  n% dJd 7.27 u e / d  
2 (unknoun) J NIP 

7 I- 

6 4 . 0 0 0 m V  

o.$fG, 
&J 

(unknoun)  NIP 

(unknoun)  N/A 

SO4 244.58 u g l d  
503- 1265.37 u g h 1  

-I-.--__._ 

I 

e n t i o n  Height 
0.000 2.100 

1.066 41.936 

1.191 22.564 
2.175 9.779 

1.041 1.268 

6.308 1.227 

6.725 0.669 

7.433 275.739 
7,433 275.739 

Area 
20.66 H 

4 4 5 . 4 3  H 

224.70 H 
65.40 )I 

14.22 

13.41 

11.00 

5219.22 
5219.22 



., FROM : Arrnstrong-Enu PHONE NO. : Dec. 13 1994 B1:BlPM P11  

Description : Channe l  1 
Conditions : Clemson 

: fl26 
: vol 500 ml 
: R5 Imps 3-4 

D a t e  : 12/09/1994 
Time : 16:37:23 

-6 .400mV 64 .ooomV 
, en t ion  Heiaht Corpontnt Externa l  U n i t e  

3 .- 

503- 

1.050 

1.791 
2 . 1 7 5  

4.050 

7.191 

11.872 

8.383 
9.627 

1.300 

190.538 

Area 

110.42 

12.40 

3191 .OS 



Descr'i .ption : Channel 1 
Condit ions  : Clemson 

: n26 
: vol 500 m l  
: R 6  Imps 3-4 

D a t e  : 12/09/1994 
Time : 16:48:41 

-6.400mV 64.000rnr _- Component E x t e r n a l  U n i t s  

(unknoun)  

(unknoun)  

$03- 

bl- n/r 

833.21 uq/d 

: e n t i o n  Height 

0.883 20.206 
1.191 1.591 

1.666 8.578 
2.175 9.975 

4.041 1.500 

6.250 0.453 

? A 7 5  187.108 

Area 

114.32 
12.88  

105.20 H 
62.20 H 

17.40 

13.45 

3122.32 



,, FRQM : Armstrong-Enu 
/.. 

PHONE No. : 

Description : Channel 1 
Conditions : Clemson 

: HZO Blank 
: M 2 6  

Date  : 12/09/1994 
Time : 17:33:36 

towonent  

so4 

External 

1-98 

n/A 
nin 

Dec. 13 1994 01:EZPM P13 

tention Height  Area 

7.600 2.100 1 1 . 2 5  I( 

8.500 2 . 5 6 6  351.99 I! 
8.691 59.107 193.98 

. .. 



, FRQN : Aiystrong-Enu P " E  NO. : Dec. 13 1994 01:02PPl PI4 

N/A 
2 .93  u g / d  
2.76 WIII 
N/A 

5 

6 

9.58 UO/@l* 

NIII 

D e s c r i p t i o n  : Channel 1 
Conditions : Clemson 

: M 2 6  
: NaOH Blank 

Date : 12/09/1994 
Time : 17:43:38 

--._- 1- .* ..A=--- 

- .z:,? 
7; 

2- \ 

3- , 

4- 

'- 

-- 

7- 
;) 

__ , - 
9- 

- - 

ConPonsnt 

p n k n o u n )  - 
Cl- 

(unknoun)  

503- 

(unknoun)  

i t n t l o n  H e l a h t  mi 

0.875 19.809 338.10 
1.166 6.004 161.40 
1.808 13.874 92.32 I( 

2.308 0.779 161.40 H 

7.475 1,570 31.69 n 

8.458 0.717 17.00 I! 



FROM : Armstrong-Env 
? .  

,.. 
P " E  NO. : Dec. 13 1994 01:03Pfl P15 

Description : Channel 1 
Conditions : Clemaon 

: H26 
: HZ504 Blank 

Date  : 12/09/1994 
Time : 18:04:32 

- 6 . 4 0 0 m V  6 4 . 0 0 0 m V  
-.--- - Coiponmt E r t e r n r l  Units 

I . CI- 
(unknoun) 

(unknown) 

(unknown) 

(unknoun) 

2.08 
n/A 

HIR 

ut4 

NIP 

4- i 

. .. , .  

e n t i o n  Height  Area . 

1.900 6.287 69.53 II 
2.041 7.006 110.83 )I 

6.341 751.523 b1078.33 H 

9.058 2.346 49.11 I! 

9.641 0.950 10.59 I! 



.: .. 
I F@; : Rrrnstrong-Enu PHONE NO. : Dec. 13 1994 12:56PN P 1  

Armstrong 
Environmental, Inc. 

7 7 5  Sovereign Row 



, FRW : Flymstrong-Enu 

,, : 

PHONE No. : 

h c ~ ~ ~ b a  13, 1994 

Ccllcge of Engineerins 
Cater  for Engineering CcrSmic Man&- 
B13 Oh Hall Box 340908 
Calhoun Drive 
Clunron Univenity 
CIemson SC 296344908 

Ann: JohnLloyd 

Subject: Air Quality Tesring Sample Analysis 
Armsuong Environmen~d, Ins. Project W-1394-94 

Dec. 13 1994 12:56PN P2 

Dear Mr. Lloyd 

The sample analyus you reqwned was M o d  using USEPA Tnle 40 Methodology and rpecificationr. 
Reesulu indicate the following: 

Sample 

RlM518 
R2MSI8 
IUM518 
Blanks 
80% P A  
H202 

Total mg 
SO3 

32.55 
24.30 
26.59 

0.006 mlJml 
0.028 mg/d 

Detection Limit 0.006 mg/d 

F- 

R4M26 
R5M26 
R6M26 
BlSi-lkS 
H20 
=SO4 
NaOH 

85.8 
15.9 
82.1 

N/D 
NID 
N/D 

so2 

96.28 
99.03 
99.94 

CI- 

42.9 
38.1 
40.4 

N/D 
N/D 
N/D 

Detection Limit 0.2 u@ml 

We are pleased to have been o f x n i c c  to Clemson Uniw~sity. If you have any questions please give me a 
call. 



. FR0.R : Rcrnstrong-Enu 
3 

'v 
PHONE NO. : Dec. 13 1994 12:57PM P3 

Plant Uemson 
Lowion Fumaca I 1  Ex 
Train sc;h 

Lofation Total Grams 

R1 MY8 Imp1 SO3 0.03255 
Imp 2-3 SO2 0.096275 

P2MFJ8lmpl SO3 0.024298 
Imp 2-3 so2 0.099026 

F3MSI8lmpl 503 0.02659 
Imp 2-3 SO2 0.099943 

BlankH202 502 0.000138 
Blank IPA so3 3.44E-05 

Lacofion Volume mls 

R1 My8 Imp1 200 
Imp 2-3 500 

F2 MS18 Imp1 200 
Imp 2-3 500 

R3 MY8 Imp1 
Imp 2-3 

Blank H202 
Blank IPA 

200 
500 

5 
5 

Sfandariition Ba (U02)4 
TlW 

11.6 11.7 11.6 

All ritraxiont performed using 5 rnl aliquot 

Tad Mg 

32.55 
96.28 

24.30 
99.03 

26.59 
49.94 

0.14 
0.03 

Dilution 

1 
1 

1 
1 

Avp Titer 
11.63333 

Titer 

2.4 2.3 
3.5 3.5 

1.7 1.8 
3.6 3.6 

1.9 1.9 
3.6 3.7 

0.5 0.5 
0.1 0.1 

Normali(y 
0.008595989 

AVS m r  

2.4 2.366667 
3.5 3.5 

1.8 1.766667 
3.6 3.6 

2 1,923333 
3.6 -3.633333 

0.5 0.5 
0.1 0.1 



~ 

FROM : Flr,mstrong-Enu 

Oescription : Channe l  1 
C o n d i t i o n s  : 5 an ion  std 

: 1/100 
Date : 12/09/1994 
Time : 14:49:48 

I, .. 

PHONE NO. : 

Conponent 

C1-  

NO4- 

P04- 

SO4 

Dee. 13 1994 12:57PM P4 

. e n t i o n  Height 

1.750 2.109 

1 .075  1 . 5 3 8  

5.708 0.930 

7.633 2 .518 

Area 

1 1 . ~ 0  n 

1 4 . 2 5  il 

17.56 K 

4 0 . 6 2  I! 



. FRQM : &mstrong-Enu PHONENO. : Dec. 13 1994 12:58PM P5 
., 

Oescription : Channel 1 
C o n d i t i o n s  5 a n i o n  std 

: 1/10 
Date : 12/09/1994 
Time : 15:07:20 

- 0 . 8 0 0 m V  8.000m( 
Conponent E x t e r n a l  Units 

!$ 5. 

F- 

HO4- 

POI- 

504 

51- 

. e n t i o n  He ight  

1.015 

1.758 

4.050 

5.691 

7 .608  

- 

19.173 

16.164 

15.510 

8 .692  

18.554 

Area 

122.94 I! 

101.07 H 

162.35 H 

1 3 7 . 4 5  H 

334.96 n 



FROM : Rrmstrong-Enu 

D e s c r i p t i o n  : Channel 1 
C o n d i t i o n s  : 5 a n i o n  s t d  

D a t e  : 12/09/1994 
Time : 15:22:15 

F- 

CI- 

.:. 

PHONE NO. : Dec. 13 1334 12:58Pfl p6 

-25.600mV 256 .  OOOmV 
toupontnt  External Unite __----__ 

N04- 

P04- 

504 

c 20.01 ug/ 1 

3t 

'I- 

a n t i o n  Height 

1.066 165.712 

1.166 156.644 

br4a 

865.33 

886.60 

3 .916  131 .384 

5.600 91.431 

7.516 178.960 

1660.42 

1336.55 

3207.75 



e, .. 

PHONE No. : Dec. 13 1994 12:59PN p7 

Description : Channel  1 
C o n d i t i o n s  : Clemson 

: M 2 6  
: v o l  500 ml 
: R4 Imps 1-2 

D a t e  : 12/09/1994 
Time : 15:33:36 

I 

ention Height 

1.050 752 .695  

1.825 389.121 

2.800 1 .001  

3.525 7.428 

4.083 2.873 

6.808 750 .986  

6711.14 

2104.41 

11.59 

36.17 

28.85 

36598.28 



FRQM : Armstrong-Env 

r,.. 

l?HoNE No. : Dec. 13 1994 12:59PM PB 

Description : Channel 1 
Condition8 : Clemson 

: t126 
: vol 500 m l  
: R 5  Imps 1-2 

D a t e  : 12/09/1994 
Time : 16:03:06 

-102.400mV 1024.000m\ 
Conponent External Units --- cntion Height Area 

0.558 0.514 16.48 

1.108 751.991 6227.88 

1.875 353.328 2198.41 

3.510 3.053 27.52  

4.108 1.708 18.15 

6.833 750.384 37949.15 



~~ 

. FROM : Rrmstrong-Enu P " E  No. : Dec. 13 1994 B1:OBPM p9 

. I  

Description : Channel 1 
Conditions : Clemaon 

: M26 
: vol 500 ml 
: R6 Imms 1-2 

D a t e  : 12/09/1994 
Time : 16:13:53 

- 1 0 2 . 4 0 0 m V  1 0 2 4 . 0 0 0 m V  
Conponent ~ i t e r n a l  Units 

(unknown) NIP 
sntion H e i g h t  A l C b  
0.000 2 . 2 0 0  10.18 

1.100 750.899 6ao2.90 

1.875 372.272 t a o . 9 0  

2.558 1.319 17.14 

3.558 3.002 2 6 . 6 5  

4.091 1.533 17.13 

6.800 7 4 9 . 4 6 2  39561.50 



D e s c r i p t i o n  : Channel 1 
Condition8 : Clemson 

: H26 
: v o l  500 rnl 
: R 4  Imps 3-4 

Date : 12/09/1994 
T i m e  : 16:24:49 

.. 

PtWENo. : 

- 6 . 4 0 0 m V  6 4 . 0 0 0 m V  

(unknoun) n i k  L 
7 

:I 
--__.- -I-. 

en t ion  Height  
0.000 2.100 

1.066 47.936 

1.791 22.564 
2.175 9.779 

4.041 1.268 

6.308 1.227 

6.725 0.669 

1.433 2 1 5 . 7 3 9  
7.133 2 7 5 . 7 3 9  

Area 
20.66  n 

445.43  n 

221.70 n 
6 5 . 4 0  II 

14.22 

1 3 . 4 4  

11.00 

1219.22 
5219.22 



mQM : Armstrong-Enu 

,,'. 

PHONE No. : Dec. 13 1994 E1:ElPM P11 

Description : Channel 1 
C o n d i t i o n s  : C l e m s o n  

: PI26 
: vol 500 m l  
: R 5  Imps 3-4 

D a t e  : 12/09/1994 
Time : 16:37:23 

- 6 . 4 0 0 m V  6 4 . 0 0 0 m V  

NO4- 

503- 

0.79 us/ 

--.--- 1 ; I  

,ention Height  

1.050 

1.791 
2.175 

4.050 

7.491 

11.m 

8 . 3 8 3  
9.627 

1.300 

190.538 

Area 

110.42  

4 2 . 1 3  H 
18.48 

12.40 

3494.05 



*'<. 

P " E N 0 .  : 

(unknoun) M I A  

'* , i' 

6-  

D e s c r i p t i o n  : Channe l  1 
C o n d i t i o n s  : Clernson 

: n26 
: vol 500 m l  
: R6 Imps 3-4 

D a t e  : 12/09/1994 
T i m e  : 16:48:41 

-6 .400mV 6 4 . 0 0 0 m V  -_- Conponent Ezternal Units 
I 'i 
- 
I;------- 
:<>., 

Dec. 13 1994 81:OlPM P12 

I 

S O 3  833.21 u g / d  

:ention 

0.883 
1.191 

1.666 
2.175 

4.041 

6.250 

Height 

20.206 
1.591 

9.975 
8 .578  

1.500 

0. (53 

7.475 187.108 

Area 

144.32 
12.88 

105.20 )I 
62.20 I( 

17.40 

13.15 

3122.32 



, FRIul : Rrrnstrong-Env 

Description : Channel 1 
Conditions : Clemson 

: H20 Blank 
: U26 

Date  : 12/09/1994 
T i m e  : 17:33:36 

Coaponent Ex tor nal 

1.98 

MIA 
N l A  

Dec. 13 1994 81:62PPl P13 

tbntion Height A r e a  

7.600 2.100 44.25 n 

8.500 2 .566  354.39 I4 
8.691 59.107 193.96 f l  



FROM : Armstrong-Enu 
4 ,  

Description : Channel 1 
Conditions : Clemson 

: M 2 6  
: NaOH Blank 

D a t e  : 12/09/1994 . -. 
Time : 17:43:38 

P H W  NO. : 

-6 .400mV 6 4 . 0 0 0 m V  
Component Externa l  U n i t s  

Dec. 13 1994 01:02PM P14 
., . 

(unknoun) 
F- 

Cl- 

(unknown) 

503- 

(unknouo I 

t t n t i o n  Height  Rrcc 

0.875 09.809 338.10 
1.166 6.004 161.10 

1.808 13.874 92.32 R 

2.308 0 . 7 7 9  161.40 li 

7 .475  1.510 31 .69  n 

8.158 0.717 17.00 n 



. FR@m : Rrmstrong-Enu 
I, .,,' 

Description : Channel 1 
Conditions : Clemaon 

: H26 
: H2504 Blank 

Date : 12/09/1994 
Time : 18:04:32 

i- 

P " E  NO. : Dec. 13 1994 a i : a 3 ~ m  P15 

-6.400mW 6 4 . 0 0 0 m V  
- --- Cowontnt External Units .ention Height h r u  ' 

1.900 6.287 69.53 II 
2.041 7.006 1io.n II 

6.341 731.523 61078.33 H 

9 . 0 5 8  2.346 49.17 H 

9.641 0 . 9 5 0  10.59 ll 



Armstrong 
Environmental, Inc. 

7775 Sovereign Raw . . DdW. TX 75247 (214) 631-0021 . Far (21 4) 9OSQByI 
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,. 
i. 

r 
., - , I *  SUMMARY OF TEST RESULTS 

BORAL BRICK PLANT #5 - SULFUR COMPOUNDS 

Volume @ Meter (Vm): 
Avg Sqrt Delta P: 
Sampling Time (min): 
Barometric Pressure (Pbar): 
Avg Delta H: 
Volume in impingers (mls): 
Stack Pressure (Ps): 
Stack Temperature (Ts): 
Meter Coefficient (Y): 
Pitot Coefficient (Cp): 
Meter Temperature (Tm): 
Area Stack (As): 
Area Nozzle (An): 
Percent C 0 2  (o/o): 

Percent 0 2  (Yo): 
Percent N2 (Yo): 
Total SO2 (mg): 
Total SO3 (mg): 

Molecular Weight Dry (Md): 
Volume Water (Vwstd): 
Volume Gas Measured (Vmstd): 
Wet Fraction (Bws): 
Molecular Weight Wet (Ms): 
Volume Gas Sampled (Vma): 
Stack Gas Velocity (Vs): 
Volumetric Flowrate ((2s): 
Volumetric Flowrate (Qa): 
Percent lsokinetic Sampling: 

SO2 Concentration (cs): 
SO2 Emissions rate (prnr): 

SO3 Concentration (cs): 
SO3 Emissions rate (pmr): 

Test # I  Test #2 Test #3 
38.010 39.862 40.683 ft"3 

60 60 60 min 
0.796 0.775 0.782 

30.10 30.10 30.10 inHg 

35.5 49.2 39.5 mls 
30.15 30.15 30.15 inHg 

878 880 886 R 
0.9874 0.9874 0.9874 

0.84 0.84 0.84 
524 543 548 R 

28.27 28.27 28.27 ft"2 
0.000334 0.000334 0.000334 ft"2 

2.0 2.0 2.0 Yo 
18.0 18.0 18.0 Yo 
80.0 80.0 80.0 Yo 

I .34 1.46 1.52 

96.3 99.0 99.9 mg 
32.6 24.3 26.6 mg 

29.04 
1.67 

38.17 
0.041 9 

28.6 
69.3 
57.7 

58906 
97907 

94.8 

29.04 
2.31 

38.65 
0.0565 

28.4 
67.8 
56.4 

5741 8 
95691 
100.1 

Average 
29.04 29.04 lbllbmol 

1.86 1.95 scf 
39.05 38.62 scf 

0.0454 0.0479 
28.5 28.5 lbllbmol 
68.4 68.5 ft"3 
57.0 57.0 ftls 

57576 57966 scfrn 
96633 96744 scfm 

99.6 -98.17 Yo 

2.52 2.56 2.56 2.55 mgldscf 
19.65 19.46 19.49 19.54 lblh 

0.85 0.63 0.68 0.72 mgldscf 
6.64 4.77 5.1 9 5.54 lblh 



. , ,  . .  SUMMARY OF TEST RESULTS 
BORAL BRICK PLANT #5 - FLUORIDES 

Volume @ Meter (Vm): 
Avg Sqrt Delta P: 
Sampling Time (min): 
Barometric Pressure (Pbar): 
Avg Delta H: 
Volume in impingers (mls): 
Stack Pressure (Ps): 
Stack Temperature (Ts): 
Meter Coefficient (Y): 
Pitot Coefficient (Cp): 
Meter Temperature (Tm): 
Area Stack (As): 
Area Nozzle (An): 
Percent C02 (Oh): 
Percent 0 2  (Yo): 
Percent N2 (o/o): 

Fluoride (mg): 

Molecular Weight Dry (Md): 
Volume Water (Vwstd): 
Volume Gas Measured (Vmstd): 
Wet Fraction (Bws): 
Molecular Weight Wet (Ms): 
Volume Gas Sampled (Vma): 
Stack Gas Velocity (Vs): 
Volumetric Flowrate (as): 
Volumetric Flowrate (Qa): 
Total HF (mg): 
HF Concentration (cs): 
HF Emissions rate (pmr): 
Percent lsokinetic Sampling: 

TestW Test#5 Test% 
41.364 40.379 40.692 ft"3 

60 60 60 min 
0.784 0.775 0.770 

30.10 30.10 30.10 inHg 
1.55 1.50 1.46 
62.0 57.7 64.1 mls 

30.15 30.14 30.13 inHg 
880 889 883 R 

0.9874 0.9874 0.9874 
0.84 0.84 0.84 
554 558 545 R 

28.27 28.27 28.27 ft"2 
0.000334 0.000334 0.000334 ftA2 

2.0 2.0 2.0 % 
18.0 18.0 18.0 Yo 
80.0 80.0 80.0 Yo 
85.8 75.9 82.1 mg 

29.04 
2.92 

39.32 
0.0691 

28.3 
68.7 
57.2 

58216 
97054 
90.35 

2.30 
17.69 
101.7 

29.04 
2.71 

38.1 0 
0.0665 

28.3 
68.3 
56.8 

57260 
96441 
79.92 

2.10 
15.89 
100.0 

Average 
29.04 29.04 lbllbmol 
3.02 2.88 scf 

39.32 38.91 scf 
0.0712 0.0689 

28.3 28.3 lbllbmol 
67.7 68.2 ftA3 
56.3 56.8 ft/s 

57151 57542 scfm 
95595 96363 scfm 
86.45 85.57 mg 

16.62 16.73 lblh 
103.9 101.9 Yo 

2.20 2.20 mgldscf 



SUMMARY OF TEST RESULTS 
BORAL BRICK PLANT #5 - CHLORIDES 

Volume @ Meter (Vm): 
Avg Sqrt Delta P: 
Sampling Time (min): 
Barometric Pressure (Pbar): 
Avg Delta H: 
Volume in impingers (mls): 
Stack Pressure (Ps): 
Stack Temperature (Ts): 
Meter Coefficient (Y): 
Pitot Coefficient (Cp): 
Meter Temperature (Tm): 
Area Stack (As): 
Area Nozzle (An): 
Percent C02 (Yo): 
Percent 0 2  (Yo): 
Percent N2 (Yo): 
Chloride (mg): 

Molecular Weight Dry (Md): 
Volume Water (Vwstd): 
Volume Gas Measured (Vmstd): 
Wet Fraction (Bws): 
Molecular Weight Wet (Ms): 
Volume Gas Sampled (Vma): 
Stack Gas Velocity (Vs): 
Volumetric Flowrate (as): 
Volumetric Flowrate (Qa): 
Total HCI (mg): 
HCI Concentration (cs): 
HCI Emissions rate (pmr): 
Percent lsokinetic Sampling: 

Test#4 Test#5 Test#6 
41.364 40.379 40.692 ft"3 

60 60 60 min 
0.784 0.775 0.770 

30.10 30.10 30.10 inHg 
1.55 1.50 1.46 
62.0 57.7 64.1 rnls 

30.15 30.14 30.13 inHg 
880 889 883 R 

0.9874 0.9874 0.9874 
0.84 0.84 0.84 
554 558 545 R 

28.27 28.27 28.27 ft"2 
0.000334 0.000334 0.000334 ftA2 

2.0 2.0 2.0 Yo 
18.0 18.0 18.0 O h  

80.0 80.0 80.0 O h  

42.9 38.1 40.4 mg 

29.04 
i . 9 2  

39.32 
0.0691 

28.3 
68.7 
57.2 

58216 
97054 
44.1 0 

1.12 
8.64 

101.7 

29.04 
2.71 

38.10 
0.0665 

28.3 
68.3 
56.8 

57260 
96441 
39.17 

1.03 
7.79 

100.0 

Average 
29.04 29.04 lbllbmol 

3.02 2.88 scf 
39.32 38.91 scf 

0.0712 0.0689 
28.3 28.3 lbllbmol 
67.7 68.2 ft"3 
56.3 56.8 ftls 

57151 57542 scfm 
95595 96363 scfm 
41.53 41.60 mg 

1.06 1.07 mgldscf 
7.99 8.14 lblh 

103.9 101.9 Yo 



STACK TEST F1ELD”SHEET . .  
PUNT:  B O W L  BRICK-PLANT #5 IMPINGERS 

DATE: NOVEMBER 8,1994 INITIAL FINAL 

REPETITION: 1 #1: 100 ml80% IPA 42 

#2: 100 ml3% H202 131 

373: ’ 100 ml3% H202 129 

#4: 216.8 g SILICA GEL 250.3 

#5: 

#€ : 

SOURCE: KILN EXHAUST 

OPERATOR: JP LLOYD 

SAMPLE BOX: 1 

METER BOX: 1 

AMBIENT TEMPERATURE: 55 F 

BAROMETRIC PRESSURE: 30.1 inHg FILTER WEIGHTS 

ASSUMED MOISTURE: 10 % TARE WEIGHT: 0.3524 

PROBE LENGTH: 89 inches DRIED FILTER: 0.3682 

NOZZLE DIAMET 0.24733 inches PROBE WASH: 0.00256 

STACK DIAMETE 72 inches 

METER H : I A04 
GAS ANALYSIS 

%O : 18 

%CO: 0 

%C02: 2 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.9874 

%N2: 80 

PROGRAM SETTINGS 

STO 0: 0.79731 

STO 1: 3.2248 

STO 2: 2.5 

STO 3: 607.386 

Md: 29.04 

Ms: 27.936 



STACK TEST ~ A T A  SHEET 

AVG 60 0.65 

" PLANT: ' BORAL BRICK-PLANT #5 
DATE NOVEMBER 8,1994 
REPETITION: 1 

0.7963 1.344 38.01 417.583 63.8125 

PRE-TEST LEAK CHECK 
METER 0 VACUUM: 15 
PITOTS: (+) 1.5 

(4  1.6 

POST-TEST LEAK CHECK 
METER: 0 VACUU 9 
PITOTS: (+) - 

(4 - 

I IPOlhT CLOCK STATIC P I T ~ ~ ~ I C E  n DRY GAS METER V ' m F W E -  FILTER 'IMP DGM TEMP VACUIIM 
i*BIA TIME 'PRESS P DESIRED ACTLA- DESIRED ACTLAL \TEMP TEMP SOX IOUTLE INLET OUTLETi(lnHql 

I I I I 



e, .  

STACK TEST FIELD SHEET ' . .  
PLANT: BORAL BRICK-PLANT #5 

DATE: NOVEMBER 8,1994 

REPETITION: 2 

SOURCE: KILN EXHAUST 

OPERATOR: JP LLOYD 

SAMPLE BOX: 1 

METER BOX: 1 

AMBIENT TEMPERATURE: 76 F 

BAROMETRIC PRESSURE: 30.1 inHg 

ASSUMED MOISTURE: 4 %  

PROBE LENGTH: 89 inches 

NOZZLE DIAMETE 0.247333 inches 

STACK DIAMETER 72 inches 

METER H : 1.804 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.98742 

PROGRAM SETTINGS 

STO 0: 0.85719 

STO I :  3.2248 

STO 2 2.5 

STO 3: 650.578 

IMPINGERS 

INITIAL FINAL 

#l : 100 ml80% IPA 52 

#2: 100 ml3% H202 136 

#3: 100 ml 3% H202 131 

#4: 207.3 g SILICA GEL 237.5 

#5: 

#6: 

FILTER WEIGHTS 

TARE WEIGHT: 0.3479 

DRIED FILTER: 0.3632 

PROBE WASH: 0.00293 

GAS ANALYSIS 

%0: 18 

%CO: 0 

%C02: 2 

%N2: 80 

Md: 29.04 

Ms: 28.5984 



STACK TEST DATA SHEET 

AVG 60 0.68 0.775062 1.461 

P b N T :  ’ BORAL BRICK-PLANT #S 
DATE NOVEMBER 8.1994 
REPETITION: 2 

39.862 419.9583 82.60417 

PRE-TEST LEAK CHECK 
METER: 0.002 
PITOTS: (+) 6.2 

( 4  6.6 

VACUUM: 15 
POST-TEST LEAK CHECK 
METER: 0 VACUUM 12 



e, : 

STACK TEST FIELD SHEET . .  . .  
PLANT: BORAL BRICK-PLANT #5 

DATE: NOVEMBER 8,1994 

REPETITION: 3 

SOURCE: KILN EXHAUST 

OPERATOR: JP LLOYD 

SAMPLE BOX: 1 

METER BOX: I 

AMBIENT TEMPERATURE: 72 F 

BAROMETRIC PRESSURE: 30.1 inHg 

ASSUMED MOISTURE: 4 %  

PROBE LENGTH: 89 inches 

NOZZLE DIAMETE 0.247333 inches 

STACK DIAMETER 72 inches 

METER H : 1.804 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.98742 

PROGRAM SETTINGS 

STO 0: 0.869615 

STO 1: 3.2248 

STO 2: 2.5 

STO 3: 695.407 

IMPINGERS 

INITIAL FINAL 

#1: 100 ml80% IPA 51 

#2: 100 m l3% H202 133 

#3: 100 ml 3% H202 127 

#4: 206.6 g SILICA GEL 235.1 

#5: 

#6: 

FILTER WEIGHTS 

TARE WEIGHT: 0.3507 

DRIED FILTER: 0.3636 

PROBE WASH: 0.00146 

GAS ANALYSIS 

%O: 

%CO: 

YoC02: 

%N2: 

Md: 

Ms: 

10 

0 

2 

80 

29.04 

28.5984 



.,.. 
STACK TEST DATA SHEEI 

I I 

. 
P b N T :  BORAL BRICK-PUNT 116 
DATE: NOVEMBER 8,1994 
REPETITION: 3 

PRE-TEST LEAK CHECK 
METER: 0.003 VACUUM: 15 
PITOTS: (+) 2.8 

(4 3.1 

POST-TEST LEAK CHECK 
METER 0 VACUUM 8 
PITOTS: (+) - 

(-1 I 



’:. 
STACK TEST FIELD SHEET . .  . .  

PLANT: BORAL BRICK-PLANT #5 

DATE: NOVEMBER 8,1994 

REPETITION: 4 

SOURCE: KILN EXHAUST 

OPERATOR: JP LLOYD 

SAMPLE BOX: 1 

METER BOX: 1 

AMBIENT TEMPERATURE: 81.2 F 

BAROMETRIC PRESSURE: 30.1 inHg 

ASSUMED MOISTURE: 4 Yo 

PROBE LENGTH: 89 inches 

NOZZLE DIAMETE 0.247333 inches 

STACK DIAMETER 72 inches 

METER H : 1.804 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.98742 

PROGRAM SETTINGS 

STO 0: 0.884899 

STO I: 3.2248 

STO 2: 2.5 

STO 3: 741.402 

IMPINGERS 

INITIAL FINAL 

#1: 100 m l 1 N  H2S04 133 

#2: 100 ml 1N H2S04 115 

#3: 100 ml 1N NaOH 105 

#4: 100 ml 1N NaOH 100 

#5: 218.9 g SILICA GEL 227.9 

#6: 

FILTER WEIGHTS 

TARE WEIGHT: 0.3486 

DRIED FILTER: 0.3613 

PROBE WASH: 0.00195 

GAS ANALYSIS 

%O: 18 

%CO: 0 

%C02: 2 

%N2: 80 

Md: 29.04 

Ms: 28.5984 



STACK TEST DATA SHiET 

AVG 

~ L ~ N P I N T :  ' .  BORAL BRICK-PLANT #6 
DATE: NOVEMBER 9.1994 
REPETITION: 4 

60 0.67 0.784031 1.553 4:.364 420.25 

PRE-TEST LEAK CHECK 
0 VACUUM: 15 METER: 

PITOTS: (+) 6.1 
I-) 6.7 

93.64593 

POST-TEST LEAK CHECK 
METER: 0 VACUUM 9.5 
PITOTS: (+) - 

(-1 - 



STACK TEST FIELDSHEET 

PLANT: B O W L  BRICK-PLANT #5 IMPINGERS 

DATE: NOVEMBER 8,1994 1NlTlA.L FINAL 

REPETITION: 5 # l :  100 rnl 1N H2S04 133 

#2: 100 rnl 1N H2S04 113 

#3: 100 rnl I N  NaOH 101 

#4: 100 rnl I N  NaOH 99 

SOURCE: KILN EXHAUST 

OPERATOR: JP LLOYD 

SAMPLE BOX: 1 

METER BOX: 1 
#5: 221.6 g SILICA GEL 233.3 

#6: 
AMBIENT TEMPERATURE: 80.5 F 

BAROMETRIC PRESSURE: 30.1 inHg FILTER WEIGHTS 

ASSUMED MOISTURE: 4 %  TARE WEIGHT: 0.3479 

PROBE LENGTH: 89 inches DRIED FILTER: 0.3633 

NOZZLE DIAMETE 0.247333 inches PROBE WASH: 0.00376 

STACK DIAMETER 72 inches 
GAS ANALYSIS 

%O: 18 

%CO: 0 

%COZ: 2 

%N2: 80 

METER H : 1 .a04 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.98742 

PROGRAM SETTINGS 

STO 0:  0.89002a 

STO 1: 3.2248 

STO 2 2.5 

STO 3: 783.017 

Md: 29.04 

Ms: 28.5984 



, -  STACK TEST DATA SH;'ET 

11 

12 

AVG 

P'UNT: .*' BORAL BRICK-PLANT #5 
DATE: NOVEMBER 8.1894 
REPETITION: 6 

0.77, 1.97 1.88 820.6 819.6 422 250 261 66 101 100 5 

0.81 2.04 1.95 822.4 821.6 404 260 247 99 6 
I 

66 - 100 

824.423 823.396 

60 0.54 0.775368 1.605 40.379 429.2917 97.56667 

PRE-TEST LEAK CHECK 
METER 0 VACUUM: 10 
PITOTS: (+) 4.9 

I-) 6.5 

POST-TEST LEAK CHECK 
METER 0 VACUUM 14 
PITOTS: (+) - 

(-1 -- 



,. IC 
STACK TEST FIELD SHEET - 

,I. , , - 
, .  

PLANT: B O W L  BRICK-PLANT #5 

DATE: NOVEMBER 8,1994 

REPETITION: 6 

SOURCE: KILN EXHAUST 

OPERATOR JP LLOYD 

SAMPLE BOX: 1 

METER BOX: 1 

AMBIENT TEMPERATURE: 78 F 

BAROMETRIC PRESSURE: 30.1 inHg 

ASSUMED MOISTURE: 4 %  

PROBE LENGTH: 89 inches 

NOZZLE DIAMETE 0.247333 inches 

STACK DIAMETER 72 inches 

METER H : 1.804 

C FACTOR: 0.84 

METER COEF.(GAMMA): 0.98742 

PROGRAM SETTINGS 

STO 0: 0.872186 

STO 1: 3.2248 

STO 2: 2.5 

STO 3: 823.64 

IMPINGERS 

INITIAL FINAL 

#I : 100 ml 1N H2S04 145 

#2: 100 ml I N  H2S04 Ill 

#3: 100 mi I N  NaOH 100 

#4: 100 ml I N  NaOH I 0 1  

#5: 210.2 g SILICA GEL 217.3 

#6: 

FILTER WEIGHTS 

TARE WEIGHT: 0.346 

URIED FILTER: 0.3619 

PROBE WASH: 0.00219 

GAS ANALYSIS 

%0: 

%CO: 

%C02: 

%N2: 

Md: 

Ms: 

18 

0 

2 

80 

29.04 

28.5984 



~ , ”  
/’ STACK TEST DATA S H ~ E T  i ’ 

10 

11 

12 

AVG 

/// 2)’ . . 
PLANT: f BORAL BRICKPLANT #6 
DATE NOVEMBER 8 , 1 8 8 4  
REPETITION 6 

0.44 1.081 1.07 869.2 868.61 471 248 246 48 8.4 79  3.5 

0.64 1.57 1.66 860.6 860.9 366 261 247 60 83 79  4 

0.64 1.321 1.32 862.4 862.7 417 248 246 48 - 83  78  4 

863.967 864.332 

60 0.43 0.770411 1.465 40.692 423.1667 84.54167 

PRE-TEST LEAK CHECK 
METER 0 VACUUM: 16 
PITOTS: (+) 4.7 

I.) 6.8 

POST-TEST LEAK CHECK 
METER: 0 VACUUM 10 
PITOTS: (+) - 

(-) - 




