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Source category: Portland Cement Date: 01/15/93
Plant name Giant Portland Cement Location:  Harleyville, SC
Test date 6/9 - 6/11/71 Ref. No.: 6
Process wet Basis for process rate :
Emission |Process Volumetric
Type of Run|rate, rate, Emission factor flow rate, Concen.
Source control _ |Pollutant  [No. [ib/hr ton/hr_|kg/Mg Ib/ton DSCFM ppm
rotary kiln fabric filt. PM 1 21.6 40.3 0.268 0.536 |Rating:  C
| (gas-fired) filter con. inorg. P| 1 27.0 40.3 0.335 0.670 |Rating: C
rotary kiln fabric filt. PM 1 205 40.0 0.256 0.513 |Rating: C
(No. 6 oil-fired)  |filter con. inorg. P| 1 25.3 40.0 .0.286 0.573 |Rating: C
(gas-fired) fabric 802 1 232 40.8 2.85 5.69 48,132 484
filter 802 2 307 40.8 3.77 7.54 48,132 641
average 3.31 6.62 |Rating: c
rotary kiln none 802 1| 753 | 400 9.42 18.8 56,282 | 1,344
(No. 6 oil-fired) Rating: UNRATED
fabric 802 1 502 40.0 6.27 12.5 56,282 895
fitter S02 2 338 40.0 4.23 8.45 56,282 603
average 5.25 10.5 |Rating: B
rotary kiln fabric NOx 1 202 40.3 2.51 5.01 48,132 588
(9as-fired) filter NOx 2 78.0 40.3 0.97 1.93 48,132 227
average 1.74 3.47 |Rating: B
rotary kiln fabric NOx [ 1] 109 [ 403 1.36 2.71 56,282 | 272
(oil-fired) fitter Rating: UNRATED
rotary kiln fabric Hg 1] 0.00124 40.2 | 1.54E-05 | 3.08E-05 52,207 | 0.000758
(gas-fired) fitter Hg 2 | 0.000605 40.2 | 7.54E-06 | 1.51E-05 52,207 | 0.000371
average | 1.15E-05 | 2.29E-05 |Raiing: c :
~ Notes: 1. Total of 12 stacks from common exhaust duct.

2. PM test conducted on pairs of stacks (total of 6 measurements, 1 run)
3. Hg factors based on average flow and process rates; downrate to C.




ETANT PORTLAND. CEWENT

- T 0fffce of.Air Programs i .. .
_ Research ‘!r'lang‘le Park North ta‘rol ina 27711




711407

ETB TEST HUMBER

s Lzront Kiln

t

BEST COPY AvAL

a

e

kel

B D

I

PORTL

LR

L Fatadigad)
AT
o

bl

at
E ‘l..l‘i

o A e

o

s
. (=gl
- 02
¢ -
LI S 8
L] -
e e
-0 :
Lad :




PREFACE (TR W ¢ w PO"‘UC‘

Corp-

The work reported herein was conducted by_Resourcas Research, Inc. {RRI),
pursuant to a Task Order issued by the Environmental Prétection Agency (EPA), . e
undér the tarms of EPA Contract No. CPA-70-81. Mr. Robert N. Allen served as |
the Project Chief and Hr. Carlos Gonzalez, who directed the RRI field team and T

also the poilutant ana1yses perror"ed at the RRI laborauories se"ved as chemist

L m RIS T = e SR ST APy ey o e T

. crew leader.

Mr. Clyde Riley, Office of Air PrOgrams (OAP), Emission Testing Branch, e
. served as Project Officer and was responsible for ‘coordinating the performance

evaluation.

Mr. Tom Jacobs,'Mr. Lew Felleisen, and Mr. Philip York served as Project

Enninesre from the 0Ffice of Air Proqrams. Performance Standards 8ranch, and

" were vesponsible for monitoring process~0perat1ons.

RRI submitted a draft document to EPA from whxch EPA personne] prepared

.the final report (Test No. 71-MM-07).
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- 1V. INTRODUCTION

1

Lj

:’ Under the Clean-Air ;ct, as amended, the tnvwonr"ental Protection Agency
is charged with the establishment of performance standards for new installa- S

f tions or medifications of existing installations 'in stationary source categories

wh‘ich may contmbute s1gmficanﬂy to air poliution. A performance standard is

a standard for emissions of air po'!]utants which reflects the bes" emission re-.

duction syst..ns that have been adequateay oe'“onstrated (takmg 1m.o account :

economic considerations)

- S O ) A ) phpd - e i e T T e A T MR e Sa T e

The development of reaﬁstu: performance standards requires accurate data
on po'nutant emissions within the v.arwus source catesories. In the cement
'lndixstry, the No. 4 cement kiln operation oi’* the Giant Portland Czment Plant

it 44

T ——
in Har'leyvﬂ‘ie, South Carolina, was des1gnated by OAP as representatwe of a

m_ej] contr011ed source and was thereby seleczed for the em1sswn tesmng pru-

gram., This report presents the test results whmh were obtamed at the Giant

iy
Portl and N iin baghouse.

The exhaust gases from the wet process kﬂn are d1rected to an induced

——

draft fan and through a connecting manifold prior to being cleaned in the .ag-

e
e R S N —

e e — .

]l hwo]Tecmr. After having passed throug'" ene of the twelve collector
a compartments the gases move outward to the atmosphere through gne of tweive

~ steel stacks (See Figure 1).

Testing at the baghouse location incl uded the determination of filterable

! and total particulate matter, sulfur dioxide, nitrogen oxide, gaseous mercury,

-j. and carrier gas measurementsl, Sar"p1 es were cbtained from _e_agh_nf_the_ty_elve
jI exhzust gtachs and 2len *-""'1 tha inlet duct coanaciing, the dratt Ven ond o2l-
- _-—-..--

..-_-_'""""-—...________”__ .' ; s
lector mznitoid. : k

1 ¢0,, 0p, and €O
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'process operating cond{tions,.and (5) _sampling and ana]ytical precedures,

- eight NOH emission tests were conducted at the gfggg§§ngggglpn v Two 502 tests’
-_\_f"--.______

TeE————E _E _E _§F B B

- _were conducted at tho 1n1et 1ocation. Twe1 e pncia] samp1es were collected at
--L.._—-"'—“"_""""‘— - .

{

R

T L TAE T P T

messaoﬂ programs were e»aluatnd under two snparzte ki]n process ccra-

tions. One Egggramh&as_nerinnmad_ﬂhllg the kiln used natural gas as fuel,

the second program was performed while the kiln was f1red with No. 6 fuel oil.

—
HH-H"""“-H-_ i

This report is ccmprised of the fo1lowing secticns. (1) sunmary of re=

sults, (2) description qf the process, (3) location of ‘sampling points, (4)

v.' SUVWARY OF RESULTS

_...,-._ e - JE T e

six 1nd1v1dua] runs with two stacks sampled in each run. Four 502 and twenty-

the exhaust Tocation For metals emission Jevels with analysis conducted by gAY

—————

laboratories. In add1t10n, EPA/OAP personnel conducted tests for mercury, NOy»

‘and SO, gaseous emissions.

_.Gas temperatures and velocities appearéd relatively uniform during the

‘entire survey. There were_mi?d fluctuations but no particular trends during

either kiln cperating ccndition.

Particu]ate emissions 1nd1cated negligible d1fferenc=s betweon gas and +x
o0fl fired operation, especially when noting the wide variations batween indivi-

dual results. The combined probe and filter catch collected during the gas

‘ﬂggg_gggzgglggﬂyas foung_gg_gg_9ﬂ§§F,Eguﬂgé;ggz_fgzﬂgfﬁﬁj}n feed, The total

catch (includes impinger porticﬂ)_was 1.21 pounds per ton pf kiln feed. Far

. —

. L R B S T LY ....-L.-....l b e u-\:h«u ke ARLEY N ETS revmnag oy
] bW TLAd AL Vi kg Paacd [N \..¢ IR AEY .\- -t Tema e + N PR — ey S LI - P

e ————— e ] —
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ton of kiln feed, with the toral catch {includes jmpinger pertion) being 1.14

pounds per ton of kiln fTead.

Table 1 presants'a surzmary of the combinad particuﬁate results. Repre- e

sampled during the use of two separate fuels for firing the kiln.

- The high sulfur dioxide emissions during natural gas firing indicated that .

the source of SOp was other than the fuel itself.” There was, of course, 2

"I : _seﬁted in Tables Il and III are individual summaries for each pair of stacks
| df culfur dioxide produced while using oil.- Comparison e

greater concentration

between sulfur dioxide concentrations from the inlet and outlet samples with

" each fuel condition indicates that the a1k§1ine nature of the dust cake on the

bag filiers was responsible for reducing S0, emissions. Nitrogen oxide emtssion
- 2"_ : .

g appeared somewhat lower than those during oil fired

averages during gas firin

“conaitions. T I

 Table IV presents the individual gaseoﬁs emissions surmaries for the carrier

" gases, S0,, NO,, and mercury.
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. TABLE 1
Summary of Combined Particulate Emissions

Kan fue1 L SR Natural Gas No. 6 Fuel 0il . S
' Vold of Gas Sampled ~ DQPFé . 488.76 T 464.54 e

Percent Moisture by Volums S 41.43 - ... 36.98 R S

Average Stack Tempsrature - °F 429, - . 420.

Stack Voluretric F]ow Rzto - “SCer 48,132 -~ 56, 282 L '
tack Volumetric Fiow Pate ~Acr.‘° 37,500 | i4s, 754
Percent Isokinatic - ' - 96.8 ©TTT 0.2 - ' ST
Percent Excess Air s L e g Q) e O BB 0 e e e

Percent Opacity ' - 5-25 | 5-25
Feed Rate - ton/hr - 40,33 .. 40.00

particulates - rrobe, cyclone,

and t1lter catch : .
W 18183 ~.1375.9
gﬂjDSCF | B £.0524 £.020%

gr/AL . N 00185 0.0152

_"bfbrf | R o~ 206 - 205
1h/ton feed s . 0.53% . 0.513

Perticulates - tetal catth.

g g 3808.4 = . 2866.5
ar/DSCF | 0.117 - 0.0914
or/ACF | T 0.0408 - : 0.350

15/5r ' 48.6 45.8

. 1b/ton faod 1.21 1.14
Percent impingsr catch - < 52.3 - 52.0
@ puv eraedopd eatidn foohoat FEOFL IULCE dn, |

foyos SR Svl RO L -

C retial cubic feet per minute




_ TABLE 11 |
Surmary of Pesults For !lat, Gas Fired Precess

Date St Ee8a7T o BRgSTT 62971 T T
Volume of Gas Sampled - pscF? . 82.65 - 87,93 99.31
Percent i'cisture oy Volume - 40.06 . 41.94 40.84 L

Averzge Stack Temparature -~ °F 424 - - 434 - - 405
b .

ii
t__ ~ Stack Hurber o . land 71 2.and 8
‘-

Stack Volumatric Flow Rate - DSCF” . 7,220 7,678 8,530 |
Stack Veluwetric Ficir Rate ~ ACFIS 20,068 22,262 7T 2368
Percent Isokineti 93,9 7 93,9 955 o
Percent Excess Air B ""”"”“ﬁ”1“”““‘24.90‘"““f‘“"24190"*’
Percent Opacity . © 5-10 5-20 5-25

Feed Rate - ton/hr - .. s 389 39.9 39.9 e

i
~n
+»
-
O
Q

i

|

Particulatzs - prokbe, cycione,

&nd t1iter catch” - . _
i "o : 66.8 - 411, 499.9
¢ T YN ; . O N1924A " n aTon n ATIE
MFRETE Y . gt N o om owrr mew P

 gr/ACF S0 . T To.coss7 - 0.0248 T o0.0282
ib/hr L 0.765 4.74  5.66
" 1b/ten feed o . 0.0192: - 0.119 0.142 .

2

—
s R R
N L3

ng - 268.8 763.5 935.2
gr/DSCF - - o0.0881 7 0.134 0 0.145
or/ACF , | - p.0120  0.046) 0.0527
18/hr - 330 8.9 10.6

1b/ton fecd . 0.0776.  0.220 0.266

 Percent impingzr catsh s 75.7 - 46.2 46.5

1 see Appendix E, Particiilate testing:”

w_ ge g @ QU
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STV Loy

* hetual cubic veat por Dinute
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Percent i‘oisturs by Yolume .

' T - NP o
CStack Yolunotiric Flaw Rate— ACHT

" Percent lsskinetic

“TLbfhe

_1b/ton feed

Surrary of Pesults For 'lat, fas Fired Prccess

TABLE T7 {Cencluded)

Stack iiumber 4 and 1cl
~.Date Lo e S _6-_10-71 EE
 Volume of Gas Sampled - DSCF* ~ "=v61.85 -

R - X -
P a21
8,508
22,95€
97.5
-24.90
5-10
40.75

Average Stachk Temperature - °

o~ ﬁ\.sb

. e . e
Stack Volumatric Fliow Kate .

L,

Percent Excess Air e e L e
Percent Cpecity
Feed Rate - ton/hr -

/
Particulates - probe, cyclene,
“and vuiter cateh” e .

mg . _3'“ 11.8

gRrpece : . 0.00294
gr/ACF ST 7 0.00109

Tb/ton fesd ' 0.0522

Partisulatnes - total catth.

mg ' 3°C.8
gr/DSCF S 0.0073
gr/ACF 0.0360
1&/hr 7.09

0.174

Percent impingar catch < : 97.0

1 See Appendix E, Particulate testing.

5 and 11

- 6=10-71

63,37

45,08
448

8,388

795 g0g

- -101.3

26,90

5-20
40.75

172.1
0.0418
~0.0135

-3.00

F—

£ and 12

——————ra—

6-10-71
93,65

41,89

444

7,808

122,768

.. 98,4

0.0737

475.0
© 0115
0.0372
8.30

0.204

63.8

2890

L

5-25

075

© 656.6
~ 0.108
0.0370
7.22.

0.177.

975.1

- - 0.160
- 0.0549

- 10.7
0.263

- 32,7
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~ TAELE 111
Surrary of Pasults For Nil Fired Process

Stack iumber e . land 7 2and & 3and 9

L
oa -
b
.

Date L w:"526-]1—71'"“”f*;ﬁ-li-71-: 6=11-71 - oo
Volure of Gas Sempled - DSCF® - g2.02 - ¥15.55 - 65.16 - -
Percent Moisture by Volume . . _37.47 . 354 0 35.39
Average Stack Temperature - °F 402 - 436 406 |
Stack Voluratric Flow.Rate - DSCFi” 6,306 11,0€2 10,640
Stack Velumniric Flow Rate —ACR® 16,800 728,520 T T 26,€44

Percent Isokinetic - 90.8 - -85 - 89.3
= Ppercent Excess Air | st e 20,48 e 28,88 2RAB e

Percent Opacity S ' 5-10 5-15 §-25
" Feed Rate - ton/hr - - 40,0 40,0 . .. L 40.0

Particulates - probe, cycicne, _
ang Titter caten -

rg L o 1.2 3007 234.3

geoooer - - o,0077 0,040 0 0584
B/ 7 o.c0085 T 0.0185 0.0221

Ib/ton feed - - 0.00640 0.0950 0.126

Particulatss - total catth.

‘m E o 309.7 . 494.3 LI
ar/DSCF I 0.0272  ° 0.065¢ ~ 7 0.106
gr/ACF | -+ 00106 10.0255 ~ 0.0421
16/hr o | SR 1.49 6.25 9.62
1b/ton feed : 0.0373  0.156 0.240

82.5 39.2  47.5

Percent impingar catch .=




TABLE I11 {Concluded)
nil1 Fired PFrocess

Stack iurber

Da;e
Volume of G

Stack Velumesric Flow Rate >l
Percent Isokinstic
- Percent Excess Air
Percent Cpacity

_ Feed Rate - ton/hr -

Particulztes - nrobe, CVF1or

Particulates - tot2l catth.

ng

qr/DSCF
gr/ACF
b/hr
1b/ton feed

Percent impingor catch -

¢ Dry ¢rmnfane o e R
wy g Tisoivy Tibio T et
N\

C Actial cu=ic feot per minute

Surmary of Results For

s Sampled - poert
Percent lMoisture by Volume =+ - -
ﬁveruge Stack Tamperaturo - ﬁF
tack VYolumztric flow Patev* ?“ff

and T1lter catcn’ AP
mg
gr/user
%“Qr/ACF _
b T
1b/tan fead | I

4 and 10 5 and 11
- 6-11-71 6-11-71
-~ 60.96 58,17
38.13 40,55
1 a7
='£? 9,254 8,952
ACFHT 20,466 24,706
96.0. - 04,7
o P TR, Q— 3
5-15 . 5-20
40.0  40.0
40.7 - - 80.8
n_nNin3 0.0214
\"0.003€8 . 0.00775
_0.814 1.6
| 0.0204?' 0.0410
335.9 368.4
0.0859 0.0975 ~
0.0325 0.0353
6.802 7.47
0.170 0.187
88.0 78.1
2. £7.02 da, b0

€ and 12

L.6-11-71

- 102.68
35.22
a4
9,953

T 25,062

. 84.6

L 0 - S

10-35
40.0

700.2
0.105
0.0404
8.95
0.224,

1107.5

~-0.166

0.063¢
14.2

0.354

36.8
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'TABLE IV

Surmary of Gaseous Testing

A. Carrier Gases

Fuel

 Gas

oil

Fuel .

Gas
0i1l

" Fuel

Gas

011

Gas Composition (Vol. % Dry) !

181 - 4.1 - <] 77.8

19.8 42 a  716.0
B. Sulfur Dioxide
Z'\/ﬁfhorin - Barium Perchlorate Method

Baghouse Inlet Baghouse Exit
Average ppm 502 ~ Average ppm 502

719 S . 563

1344 o 749

Thorin - Barium Chloride Method |

Baghouse Inlet =~ Baghouse Exit
Average ppm 502 Averages ppm 502

802 : 582

1411 o - 772

Dynascience Continuous Monitor-1

Baghouse Exit

Average ppm SO2

< . 255

- e

el S 295
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" Fuel
Gas

0il
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fen f -

Fuel
Gas
©0il

TABLE 1V (Concluded)
: : C. Oxides of Nitrogan
f“' - (Phenoldisulfonic Acid Method) R ERE A
~ Date o hl'-Averége p?ﬁm&bé - B _ i
6/9/71 T " 588 B = e
- 6/10/71 - 221

D. Oxides of Nitrogen
(Oynascience Continuous Monitor)

Date Average psm NO»
6/10/71 ' 226
6/11/71 - 165
6/12/11 Rt

E. Mercury

Date ' "~ Average pom Hg
6/8/7) 0.000565

1




©©_ ¥I. PROCESS DESCRIPTION
- \

The Giant Portland Ccm&ﬂt process is typical of most wet-mix cement plants.

-

. Raw materials are mined nearby, pulverized, and mixed with water to produce a

slurry. The slurry s pumped from storage tanks into a rotary kiln and the

fired clinker product emerges from the hot end of the kiln._ This product is

e ~<;., a—— ”, ,

then ;ooled; ground, and stored for sh1pment. Process and schematic diagrams

-

are shown in Figures 2 and 3.

Ben s mem o ms e memm e e

——

"'~ Reaction gases and exhaust gases from the kiin burner carry finely
d1v1ded particulate and fue1 ash through the cold end of the kiln. These
dust laden gases pass through a mechanical collector and then a baghouse

where the part1cu1ates-are collected and the hot gases discharged into tne

=
-

atmosphere. The bags are periodically cleaned by reversing the air flow
and by sonic vibration wh1ch is produced by an internal horn The solid

'Fwdmatter ‘then drops ‘to the bottom of the baghouse for removal . ;3:“_'f_??m:;;J;ff;ﬁ:

The Dracco'baghouse coi]ector is designed to handle aﬁ air volume of
140,000 ACFM @ 55Q9F. The baghouse contains twelve individual compartments,
each conta1n1ng seventy-eight bags for a total bag count of 936. The effec-
tive collecting surface area of the baghouse is 75,816 square feet, which
gives an air-to-cloth ratio of 1.85 to 1 feet per minute, ovéra11,_or 2.01
to 1 feet per minute while one compartment is.being cleaned. The.pressure
drop across one compariment ranges from 4 to 4,5 inches of water. The

expected life of the bags is about two (2) years, and each bag costs approx-

- imately $14.00. During tha period of May 25 to June 2, 1971, 824 new bags
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The annual operating cost of thn bachouse is auaut $15 000 co, of which
\
$6,500.00 is for bag repl*ccwent $2,200. 00 for dust hand11ng equipment,

$1 200 co for a1r system and dampers, and $5,100. 00 for misce}luneous costs.

L MEE omEImL o M eI tere b jawt |y
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VII. LOCATION OF SAMPLING POINTS = ™= 7= - .

The particu1ate sampling ports located on the trelve effluent stacks
were positioned approximately 10 feet (3. 1 stacb diameters) atove the nearest
upstream disturbance and 4 feet (1.5 stack dlametnrs) below the nearast down- .
stream.disturbance. The number and locations of the sampling points within

the stack cross-section were determined by the pro;ect officer.

The cross-sect1on of each stack was divided into twelve equal areas, and
samp]1ng was carried out for five minutes at the centroid of each area, A

view of a baghouse exhaust stack is showm in Fmgure 4 on the following page.

o e T

S

For the meia) tests six samp]es ‘were performed by traversing the cross- ~

section, and six samples were performed at the average poxnt in the stack

cross-section. " The stacks chosen for the metal tests were considered to be the

most representative by the project officer,

For the gaoscous sampling the probes-were pos1t1oned at the wost convewlent

sampling ports and extended approx1nate]y 12 1nches into the cross-section.

a5
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VIII. PROCESS OPERATION

Just prior to the testing program the No. 4 kiln baghousé. connecting

- duct work, and screw conveyor packings had undergone a ﬁajor overhaul to S

cor}ect excess air leakage points. This included. the baghouse being recov-

jnstallation of twelve new effluent stacks,

ered with new asbestos siding,

and replacement of 884 filter bags, the remaining.52 bags being examined for

wear and visible leakage.

«—-~  The kiln had been in operation for about two_weeks after this major

overhaul when a mechanical breakdown resulting from feed blockage forced

another shut-down. During this tiﬂn the baghouse compartments were again in-

spected and checked for’ any vis1b1e bag leakage.

f *he .1r1rg opﬂvat1on and the 1nc1p1ent fusion of

g

"z - Due to the natare_o

© e e e gttt

- _mater1als within the k11n, operational var1a;1ows of t21perature, draft, and

 process were common dur1ng the testing program. There were some fluctuations o

1n_the kiln operation during testing, but these were all cons1dered to be

‘within normal limits.

A team member was placed in the control room to collect data and communi-

cate any upsets or abnormalities duking the testing periods. Appendix C

tabulates these readings which were saken at thirty minute intervals.

After the completxan of test1ng with natural gas as th: kiln fual {June 10,

1971), the plant switched from natura] _gas to No. 6 fuel oil. Testing the next

arating levels, Ol

morning was dﬂia/ed to aT]ow the process to reach normal op
est1ra (June 12 1971}).

firing was continued unti 1 ccmpletion of the




The routine cleaning device for_the baghouéé was a combination of sonic
vibration from an internai rorn and a reversed gas flow within the cOM"arfments.

It was planned to cease sampl ing whenever that part1fu1ar sect1on was being

cleaned; however, some of the horns were 1noperab1e and the sound was not a

satisfactory indication of which particular compartment was baing cleaned The

cleaning cycles. It is beiieved that all tests were carried out during opera- .

 tional perieds; however,.it is possible that a sample included a short segment

A A el i iy —
- o s = e B g, ke G T ———

of a cleaning cycle.

IX. SAMPLING PROCEDURES

! ' gas flow was rather low and this, too, was not always 2 good indication of the
i - In]ét' Duct
o Only su1fur d1ox1de samp11ng was ‘conaucted at tne:inlet auct. .Sdmp7:h were
{+ﬁts1mu1taneous1y col1ected along with the ‘éffluent SO2 samples for each fuel P
tion. The inlet duct location presented prob]ems because of the high pressure
immediately following the induced draft fan, thus ;ausing a high velocity stream
of hot gases and dust every time the port was openad. The high concéntration of

dust also created problems in sampling for sulfur dioxide gas. A special paral-

1e1' multi-filter arrangement was emp\oyéd to-fi1ter the high dust loading prior

~to obta1n1ng the 30, samples in the midget 1mp1nger tra1n. A heated prebe, with

no glass wool, vwas positionad approximately 12 1ncb =5 inside the duct work and

.|
27
i

vas connected to one of three-parallel glass filter holders inside a heated box.

‘Each filter holder contained a 2 5/8 inch glass fiber filter.' The filter holders

were interconnscted to a common manifold that passed the gas stream to the mid-

1o Tt aaend
il may 4wt mae
e am—

get irmninner vrain aezcrinad an nchhdd & Qv
o far Houw Stationzry Sources.” U2 to thl

D, o mdns
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reaction expected between the alkaline dust and “the S05, sample flow rates

were kept at a minimum (001 C. F.M.) and each filter was changed after ten

minutes of service. The impinger solutions were also cbanged due .to the high

mofstnre content of the gas stream (40%). Total sampllng_t)me for_each_;est

Sample recovery followed the same procedures as oputlined

{n Method 6. | . .

Outlet Duct
Particulate samples were col1ected at the outlet w1

th the train spec1f1ed

b - e — e

Federal Register. Due to the number of

in Mathod 5 of the December 23, 1971,

effluent stacks (twelve) it ‘was not possibie-to sample all twelve simulta-

Instead No. 1, No 2. and No. 3 stacks (see figur

V|
!
! was thirty minutes.
!!

neously. e 1) were sampied

minutes at which t1me the probe and 1mpingers vere
The

simu1taneously for sixty
and No. 7. ho 8. and No. 9 stacks were sampled tegether.

ht-nnfl awnn ond

binatwon sample for each pa1r of stacks was recovered and ana]yzed as one._-

n moved to the west side of the baghouse where the same
s4&10,58&11, and 6 & 12, This sam~

cont
The trains were the
sampling procedure was used for stack

'p1inglprocedure was used for both the natural gas and oil teeting programs.

The procedures for clean-up of the sampling train after each run included

brushing and rinsing the probe tip, probe, and filter-inlet glassware with

acetone. The impingers and accessory glassware were rinsed with distilled

water and acatone, Otherwise the procedures for sampling and reccvery of par-

~

ticulates conform to Method 5.

The metals sanpl1wg train was the same as the particulate train, but

i Filter & r:rb-*nn filter was used Claznud ccns1sted

instead of the glass Tibs

only of racovery OF Tad misfrens riiver,

18
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The ‘equipment and procedure used for tha collection of the cumulative

e e A il A o S o @ T S

T

carrier gas samples are essantially tha szme as spncxrxed in Method 3 of the

December 23, 1971, Federa1 Pauxster. The sampling rate was set at a constant

cubic feet would be collectad.

The procedures for gaseous sampling of Hoé and S0, conform to Method 7

TwO gaseous mercury samp]es were collected using a m1dget impingar train.
The effluent gas was bubb]ed through 2n acidic solution of icdine monochloride,
coTlecting mercury and ‘mercury containing compounds. Additional informaticn

- pertaining to gaseous mercury sampling may be_found in Method 1, December 7,

R

T

1971 Federal Register (Vo] 35, No. 235). Ine resuits oF The iwo mercury Lesis

are presented in Table BVIT. -'ff'*%i';'fj_

- Continuous mqnitoring of sulfur dioxide and oxides of nitrogen was con-
ducted at the effluent stacks using electrochemical reaction'sensing analyzers.

SOs. and NO, emissions data are presented in Tables B-III and B-VI.

X. ANALYTICAL PROCEDURES

The procedures for ana\vz1ng the particulate, su1‘ur d10”‘i2, arnd nitrogen

oxide emissions are descnbﬁd 1n Methods 5, 6, and 7 contained m the December .

2, 1971, Fedaal fevister, I addltwﬂ b $he nart p’l’ f./][ d/]d/'( J

i
{

value for any testlng period so that a total gas volume of between_z and_a T

and Method 8, respectively, as spacwfred in the December 23, 1971, Federal

Register. . o ' : ' B
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The 'equipment and procedure used fer the collection of the cumulative

carrier gas sarples are e*snntia‘ly the same as specified in Method 3 of +he

December 23, 1971, Federal Pouxs+°r The sampling rate was set at a constant

va)ue for any testing period so that “a total gas vo]ume of between 2 and 3

cubic feet would be collected.

S S S kst

"The procedures for gaseous sampling of HOZ and S0, conform to Method 7

-

Tk —a

and Hethod 8, respectivgly, as Sp°C1f1ed in the December 23, 1971 Fedhral

Register. ' - : ' ' - o
. F e e T P SR SRR T e ey i

Two gaseous mercury samp]es were collected using a m1dget impinger train.

The effluent gas was bubb1=d through an ac1d1c solution of icdine menochloride,

collecting mercury and mercury containing compounds. Additional informaticn

pertain1ng to gaseous mercury sampling may be found in Method 1, December 7,

1971 Federal Register (Yol. 36, No, asb) Ine resuits of tne iwo mercury s LS

are ;'presented in Table B—VII. SN

Continuous mqnitoring of sulfur dioxide and oxides of nitrogen was con-
ducted at the effluent stacks using electrochemica1 reaction'sensing analyzers.

S0, and NOp emis>sions data are presented in *sbles B-III and B-VI.

X. AMALYTICAL PROCEDURES

The procedures for analyzing the part ticulate, sulfur dioxid-, ard nitrogen

oxide emissions are_described in Methods 5, 6, and 7 conta1rﬂd 1n the December .

'23 1971, Federa] Register. In additicn to the particulate analysis specified,

jdye and organic matter wilbe-

the impinger catch was analyzed for particulate ras

Aty Y s mme—maT ~—
- vl S SR  fote SRIFEVUIIEEEL R S

i

[

- - N . . v

mmamis semmyerTiza D2ing Do Forrsd el

ne Organid ATTTACTION SIING PETTOMLIL VY
by

particulate sainples, 1“__ o R _ _
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Quantitative analyses of material co11ected.on the glass fiber filter Cm

and in the residue'semp1es are reported in Appendix F.

‘Two methods were employed for analysis of all 30, samples. This report. e

is based upon the modified Shell Development Methed, using barium perchlorate

with thorin indicator. A second cross-check method was the colorimetric barium

chloranw]ate procedure which was found o duplicate the former metho& very well,

e

- The analytical data for both proceaures is inciuded in tﬁe-Appendix B.

* " in accordance with jnstructions by the EPA project officer, the NOy grab .

samples were treated after aging overnight.; These samples were neutralized with

a mild solution of sodium hydroxide in order to ‘stabilize their chemical proper-"

e ties during transportation to the Iaboratory for anaiysis.

T Analvqpc for carbon d1ox1de. oxygen, and carbon monoxide were performed in

‘e,fie]d within a few hours after the samp11ng was completed, using an Orsat

The procedure for analyzing the two mercury samples may be found in Method

1, December 7. 1971, Federal Register (Vol. 36, MNo. 235).

2%




- © APPENDIX B

Gaseous Results

. - -.The results of the testing for S02, NO2, and mercﬁry are shown in the

‘following tables.
TABLE B-I
S0, EMISSION DATA

. {Barium Perchlorate Methed)

Inlet
— Fgel - Natural Gas Duct
__Date - 6/10
. 15:35
Time 16:40
- mg S0 204.2
_Tp - Average Gas Meter Temperature, OF 93
Pp = baromeiric rressure, "ny aus. ST.e
Vo, - Yolume of dry gas sampled @ meter
" conditions, ft.g 3.90 |
ppm SO ' ' } 719

(Barium Chioride Method)

Inlef
Fuel - Natural Gas Duct
Date €/10
' | 15:35
- Tine 116:40
mg 502 - | | | 228
Tm - Average Gas Meter Temperature, OF a3
Pp - Barometric Pressure; “Hg abs. — 30.2
- Vo, - Volume of dry gas sampied @ meter
m . . 3.5C
conditions, ft.3
. | | 207

e e Vo mem i ma P O PR P R TR Tl

- and then poured TATOGUCH @ Coiumn T Jow 5UN X 8. nésu
analyzing two diTferent aliguots of the same sample.

45

Qutiet

Stack -

No.6

6/10

15:45
17:02

190.8
120

aN 9

LA N

5.68
ag4

-

o R R
FRE I S A

i LS were ootain

Outlet

Stack
No.8

6/10

15:45
16:45 -

197.1
94 .

20 9

- g -

4.23
641

o

&d by

AUG 17 REC’%
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'i]ﬁNote-All samples were diluted to volume in
-@nd then poured through a coiumn of Dow 504
~analyzing two different aliguots of the same sample.

‘Equation used for calculating ppm 50;:

45

0.7426 X mg S0, X (T, + 260)

) O UTABLE B-IT
- S02 EMISSION DATA
| (Barium Perchiorate Method) |
- S Imet T gutiet
Fuel - No. 6 Fuel 011 LT T T Duet. Stack
No.6
Date . 6/12 6/12
- 09:44 - 09:40°
Time - -+ 10:33 11:05
wg SOz | 1'384.9 - 369.2
- Im = Average Gas Meter Temperature, OF .91 28
Pp - Barometric Pressure, "Hg abs. 30.25 30.25
Vg - Volume of dry gas sampled € meter
o conditions, ft.3 ¥ 3.91 6.01
ppm S0, 1344 895
(Barium Chloride Method)
) | ' Inlas Qurler
Fuel - No. 6 Fuel 011 Duct Stacg
- L ko.
Date — 6/12 6/12
. 09:44 09:40
Tize 10:33 11:05
g S0, 404 390
Tm - Average Gas Meter Temperature, OF 91 128
Ph - Barometric Pressure, "Hg abs, 30.25 30.25
Vp - Volume of dry gas sampied @ meter .
" conditions, f¢.3 ‘ 3.91 6'0?
_]?prm_soz "]41]_‘ 946

100 ml volumetric flasks with Hy0
x 8. Results w

‘ 5-85 '
603
Skack
09:45
._'127

3025

ere obiained by

— e e

Qutlet

Stack
Na,a
6/12
09:45
11:00

242.5
127
30.25

Mutlet

6/12

11:00
240

5.85
597
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- TABLE B-1I1

Sulfur Dioxide Data Comparing The Modified

* Shell Method! VS The Dynascience Instrument T e e

(A11 values are in ppm SO7)
Shell Method

Date Time Fuel Average Dynascience
6-10-71 16:30 ‘Gas 562 200

— -~ 6=10-T1 16:55 Gas - . s 310
6-10-71 17:05 Gas 562 230
6-12-71 17:15 i1 603 | 360
6-12-71 . 17:25 011 603 | 360

Sampling location - effluent stacks

Comments - It should be noted that during tes;1ng the Dynascience monitor .
was not operating properly and recorded emission Tevels may have been
altered significantly.

1 Method using barium perch]oraté

47
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ST B-VI T e e
e T et - —_— B “ ' . . .
nitrocen Oxide Data Comparing the Poc! llethod VS the Synascience Incirurment l
(711 values are ::OZ ppm by volume) - l
- o . PDS
Jate - Time Fuel - Method . Dynascience -
6-9-71 ~10:50 Gas =~ IV ¢ et e L l
6-9-71 : 1:06 - Gas - .- 533  me— o
E-5-71 11:35 Cas | £ar A -
6-9-71  11:50 Gas  54Q e i}
6-G-71 12:10 Gas 473 : - |
6-10-71 o 08:35 Gas 8 180 | l
6~10-71 0028 _ Tzs R I I v
£-16-71 00:55 Gas 1¢1 e S
6-10-71 10:15 Gas 133 120 - B l
- -10-71- ~-- -10:20 .- ._Gas . _ . 174 N
6-10-71 10:20 Gas 23€ - o
6-10-71 11:30 Gas --- | 1430 |
6-10-71 11:45 . Gas 388 - l
6-10-77 11:50 Gas 388 - -
6-10-71. 11:55 Gas 363 - -
6-10-71 12175 .. Gas 221 — |
6-18-71 - 16:40 Gas " - - 260 .
6-10-71 16:55 Gas --- 240 |
6-10-71 . 17:25 Gas - 180 l
6=35-71 7 Eag ——— ‘ 220
6-11-71 09:55 041 88 - l
6-11-71 10:05 011 - 140 --- |
6-11-71 -16:12 011 138 .
6-11-71 10:28 0i1 142 e |
6-11-71 10:35 011 50 --- '
6-11-71 10:40 011 36 -- -
6-11-71 11:35 0i1 280 --- -
6-11-77 11:42 0i1 426 - l
6~11-71 11:50 0i1 - 496 - -
6-11-71 11:5¢ Cil a1e - ‘
6-11-71 | 12:07 0i1 . 3% 00 I
6-11-7] 12:15 | Cil £e 15 |
6-11-71 17:35 0i1 —-- 210 -
6~11-71 17:40 011 e 200 - l
6=11-71 1800 011 | — 200 o
6-12-71 09:45_ < 041 ——- 100
6-12-71.. 09:55 cil — 115 l
6-32-71 10:10 --—  CiY _ O --- - 110 _.
£-12-71 10:20- i1 - 120 -
6-12-71 16:5¢ i1 --- 120 ' l
€-1z.71 - nis 041 --- 2o -
PRI ye s g ——- Hee '
Sampling lccation ~ effluent stacks ,, l

50




TABLE B-VII
_ 'MERCURY EMISSION DATA
(Natural Gas)
Run ANO.. ‘_- . - 1 Cmm = . 2 o . e
Date - T eys 6/8
| o - 9:20° 10:37
Time : 10:20 11:32
mg Hg - . 0.000450 0.000191
Tm - Average Gas Meter Temperature, OF : 108 120
P, - Barcmetric Pressure, "Hg abs. 7 30.08 30,05
V@ - Volume of dry gas sampled @ meter . o
conditions, ft.g 2.677 2.389
0.000371

ppm Hg . - 0.000758

0.2399 X mg Hg X (T, + a60)

ppm Hg = _

Kote: Values arg yithin limits of detectability of the analysis method

(2 x 10







APPENDIX €

Complete Operation Results

Fiue Gas Conditions

The stack flue gas flow rates were measured continuously, with the pitobe
arrangement, for each stack during each series of tests. The flue gas volumes
varied appreciably between different exhaust stacks. Variation was 2150 noted
at the same exhaust stack, wheﬁ'sempling was repeated under o0il fired cperating
J_cgndj?ions. Orsat analyses were not conducted for each separate exhaust stack,
therefore no variation is noted, however,.the percent water vapor from different
exhaust stacks showed some variations. It would not be unlikely that the mois-
ture content would vary with time, but it would have been expected that the
water vapor during any one set of test samb]esTShouid-have been relatively con-
stant between exhaust stacks. The process invoiQed a single cement kiln and 2
single inlet duct to the baghouse collecticn device. Unless there were unusual
problems of flow patterns and buildup withfn ;hé-baghouse it would not seem
logical to have such widely varying emission conﬁitions, especially of the gas-
eous constituents, which should have been completely uniform as they entered the
inlet duct to tne collector. At first impre.sion, the variation in gas terpera-
ture does not appear to be as extreme, however, the diffgrénces are considerably
greater than could ordinarily be expeéted Trum @ single well insulated unit with
a single supply of gas flow. Any correlation between varying temperatures, mois-
tures and gas f!#ws is rathet confusing, but it would seem that there are major

probiems in either leakage and/or inter-connections and/cr blockages within the

various sections of this particular baghouse unit.
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Process Operations _ _
a. On Wednesday moFning (6/9/71), No. 4 kiln was gas fired. Kiln speed

rate and feed rate were reduced from 8:30 to 9:00 due to a drop in burning zone
temperature, but was back to normal by_9:30.' Feed tbmkiih"aVefaged 39.§9 tons
per hour (dry basis). ' o

b. On Thursday morning, No. 4 kiln was gas fired. Kiln operating smoothly

with average feed rate of 40.75 tons per hour.

¢. On Friday morning and afterﬁoon, No. 4 kiln was ofl fired (2.5 percent
sulfur) and operating smeothly with an average feed rate of 40.00 tons pef hour.

The following tables present a detailed log of control room readings taken

at thirty minute intervals during the testing programs.
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APPENDIX F

Laboratory Repert

by the Resources Research laboratory.

stack No.  Fuel
1 and 7 Gas
2 ard 8 Gas
;and 9 Ga-s”-
"4 and 10 Gas
5and 11 Gas
6 and 12 Ges

TABLE F-1

Particulate Mass Determination .

Fraction

Impg. water residue
Back half rinse
Front half rinse
Filter. :

-Impg. water residue

Back half rinse
Front half rinse
Filter

Impg. water residue
Back half rinse
Front half rinse
Filter

Impg. water residue
Back half rinse
Front half rinse
Filter

Impg., water residue
Back half rinse
Freat half rinse
Filter

Impg. water residue
Bzck half rinse
Front half rinse
“Filter

128

Total

Total

Total

_Table F-1 presents fhe_par;jgg}a;g_ggglysis results which were reported

Particulate, mg

159.3
42.7
59.6

1.2

268.8

254.3
. 98.1
126.1
285.0
7R85

346.9
88.4
334.3
165.6
935.2

e

3



TABLE F-I (Concluded) : .
Stack No., Fuel Fraction Particulate, mg I
1 and 7 011 Ether-chloroform extraction 11.8 '
' Impg. water residue S e e 72,1 )
Back half rinse ‘ - 6.5 l
Front haif rinse oL T T 18,6
Filter ' 0.6 '
Total 109.7 o I
2. and 8 0i1 Ether-chloroform extraction - 9.4 .
" Impg. water residue : 174.6 '
Back half rinse 9.6 ‘
Front half rinse 168.0
Filter _ ' 132.7
o - Total 4943 . l
3.2nd S 031 Ether-chloreform extraction . 16.7 '
: Impg. water residue - - 189.1 l
Back half rinse _ . 6.6
Front half rinse o 170.4
Filter S 63.9 .
Total 446.7
2 amd 10 041 Ether-chioraform extraction -39 l
Impg. water residue 250.8 :
Back half rinse 9.3 o
Front half rinse : o - 37.9
— Filter ‘ - ' __ 2.8 | I
: - Total 338.9
5 and 11 Ol Ether-chloroform extraction ' : g.9 l
Impg. water residue 266.9
Back half rinse 11.8 _
Front half rinse o 64.8 : l
Filter o 16.0 -
Total 368.4
6 and 12 0Oi1 Ether-chloroform extraction - MN.3 l
' Impg. water residue : : - 289.6
Back half rinse ' _ 106.4 :
Front half rinse ' - 420.3 . l
Filter . : _ 274.7
Total = T1107.5° | .
The above results refiect subtraction of the blanks. For detail
Jaboratory analysis procedures see following pages. l




. )
LABORATERY 2HALYSIS PROCEDURE F0R DETERMINATION OF
PARTICULATE E5ISSICHS FRGH STATIGNARY SOURCES
The following is a detailed outline of the laboratory procsdure CU T

used in cetermining the weich:s of particulate and water collected
in the varicus contzinars resuiting from sarple reccvery from field
collection trains.

A1l glesswere usec for evaporation anc¢ resicue determinations
in the followino steps was first soaked in 4Ck nitric acid for several
hours. The beakers vere tren wesned end rinszd with distilled vater
fcllowed by oven-drying. After drying the Lzakers were cescicaiad to
constant weight ard kept in a descicator until used. Beakers were
weighed to +C.T mn, : - -

L. Container No. 1 (Filter)
1.) Preparation '

The filtsrs are cven-dried # 1050C for a minimum of
four hours, and then descicated to constant weight. Filters
are veigned to +.G001 grams. After weighing the filters are
placed in plastic petri dishes until used.

2.) Particulate weight determination
Filter and any lcose particuiaie meiisy ave ransvorred
to a tared glass weighing c¢ish, and cescicated to constant
weight. The weicht gain is then recorded.

'B. Container Mo. 2 (Acetcne washings prior %o filter)
1.) These acetone washings are resceived in glass bottles,
are rmeasured znd transferred to the tarad beakers prepared
as described above. '

2.) The acetonre washings are tien allowed te evapcrate to dryness
at ambient temperature and pressure. The be&kars are covered
with ritbed cover glasses to Tecilitate svaporation wilicuv
allowing dust or cther foreign matter into the beakers. ‘hen
dry, the beakers are desciceted to censtant wiight. Seakers
are waiched ito nearest 0.1 mg. '

L
L]
~

%

A blenk oF <n2 acegtone (TEES
as described ghove. Any resia
used to correct for the amcunt
The net weight is the reguired

)
-

]
n
[4]
3 e L
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C. Conteiner No. 3 {Ims
1.) The voiime of
recovery station end recoraad.  Jur j@DOvalory weasuras
_ the final volumes in these containers which allows us to
"determine the volume of wasnings used and to correct fer
‘this water using a blank. :

irear wzter plus water rinsings) -
irninger vzier has been measured at the

i

- } .

2.) After measuring the voiume of waier, the soiulion ‘5 tranc-
ferred to a separatory funnal. The organic particuiate is
then extracted using thrze 25 ml portions of chloroform,
follovied ty three 25 r1 poriicns cf ethyl ether. The or-
ganic solvents are then combined and washed once with 100 ml
of ¢istiilzd water., Tne combined soivents arz transferred
to 2 tared beaker {preparad as above) and evaporated at 7CCF
__until dry. The sarples are then descicated to constant weight.

A blank of the distilled water used in the impingers and
washings i¢ also extracted with the chloroform and ether.
The organfc extract is then used as a blank for the organic
particulate ard the witler phase 2s a blank for the tmpinger
water and washings. The water phase is evzporated at 212¥F
until dry. The residue is descicatec to constant weight and

corracted for any blark found.

0. Container Ho. & {Acetone washings-back) _
e e e mwmvnms 0

1.) Acetone washings are first measured aiws - Lhen manzforrod ir
tared beakers (preparec as acove) znd aliowec to evaperete 10
dryness at ambient temperature and pressurae. Upon drying, the
bealkers are descicated to constant weight. A blank of the ace-
tpne used is also evaporaied and &ny corrections dus to the.

_acetone are made if pecessary. Eeakers are veighed to nearest
0.1 mg. <

E. Container o, 5 (Silica gel)
1.) Preparation.
The sitica is placed in a wide mouth plastic bottle and

capped. The silica gel is then weighed to #0.1 gm,
2.) After sarpling, the used silica gel is weighad to nearest 0.1
gm and weignt of waler coiiectec is cetermined.

Special Note _ :
A1l samples are dried in 250 ml beakers 1o & constant weight.




Sbbfccf Mercur_y Samp'les

To: Dr. Robert E. Lee, Acting Chief _
Source Sampie and Fuels Analytical Branch, T -
Division of Atmospheric Surveillance -

One sample was void.
4. Anaiysis: Please ana1yze the en;]osed samp]es for mercuny A
. . 5 ml aliquot of ezch sample was removed and sent to
Mr D. Von Lehmden for anu1ys1s bv neutron act1va+1on

~J. Origin: -Giant Cement Plant, Harleyville, S.C.
- 2. Date Collected: dune 7-11, 1971
7773, samples Collected: Four samples were collected at this plant. =

i . ERVIRONIMENTAL PROTECTION AGE!‘\ICY._...__}—."_A-“; S -
I ' Office of Air Preograms ST T T
' 411 W. Chapei Hili Street, Durnam, N. C 27701 I
Reply t : IR
e of | - .. Date: “June 22, 1971

Ly,

B, Samp1e Data Run No. Origing] Vol. ,nﬂ Lrv Sas Vol.,ft” % mmsture "
__*__‘.._'l:f'_‘ii;'____'.ﬁ _;"T::;_"‘:: S 168 2677 45
2 . 135 2.389 45

. North Carolina Mutuai Building, 411 W. Chapel Hill Street,
. Durham, N.C. 27701.

o2 P ' o o
Williem J. €asbagill 4 -
Emissicon Tectine Branch

Division of Applied Technoiogy

" Enclosures:

cc:
Mr. M.R. Neligan

Mr. G. Morgan

.Dr. R . Lee O

Mr. D. Von Lehmdan

the T Emddh

M. K. Atherion

Mr. P. York : : :
Mr. D. Slaughter ' - -

" B . d. G1rﬂ1ty 132

RO : Dbttt I |4 R pm——" SZS"‘fTZﬁi::::ASfZ__‘m

6. Results: .Results are %o be submitted to William J Basbagill, Room 860,

Dr. A. Altshuller - — - ~—— 0 ==~ T o
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Mercury Data from Giant Cement Plant, Harleyville, S.C.

.Chief, Source Sample & Fuels Analytical Branch
Througii:  Chief, lietals & Advanced AnaL rsis Branch
1. Below is a table conv
in the samples tawen &t i
S.8. Determinations were maue u
absorpticn technigue.

he amounts of mercury found
Coment Plant, Harlevville,
ing the flaomeless atcmic

TABLE F-II- Co
Tetal fercury

Sample Yumber Sampling Date ‘ found (u%)

- (flue gas) . 6/8/7Y ' 0.450
(flue gas) '6/8/71 ' S 0.181
) (0il feed) 6/11/71 0.0
plank 0.0SZ/LSml
- /‘} | ‘F . | : -
/'/ ’//'.// _//’/f/ 7 A
/ 7

¥ary £nn Feige, Chem
Bioana2lvtical Section
Air Quality Analytical Labecratery
Br ancn

Division of Atmos pheric Surve 1 1ance

& h -

iy e

B . e A, oy
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0ff1ce of Air Pro:rams e

_ Research Trizngle Park, ilorth Cirolina 27711 _
R . S S Daw: 1/30/71
Subject: -

Special Membrane Filter Samples for Metals

To: Rey L. Bennett, Source S R .- A
Emission Measurement Branch, B I
DCP a SR e =

As per your request membrane filter samples were collected at the
giant Cement Compnany, Harleyville, Soutn Carclina. Samples were
collected when the plant was using oil and gas as fuel. The attached
samples are tabulated below..

Stack Filter ngp]ing -. Meter, Sagp]e .l ?ue]'
Ht. cm. Time, min. Volume, f
1 A-B 0.226919 - 60 . .85 . ofl ”
1A 0179321 10 - B30 ol
_1AB 0.235683 10 B 5.3 gas
- 258 0.227928 60~  55.88 _-.oﬂ
2es  o0a7ss7 1o . 0.6 o oil
“'3¢-B _0.176626 60 .- 420  oil .
3fc-s' : 0.225628 10 S 7.00 oil
4D-8  0.171570 60 3595 gas
4D-8 . 0.168000 w60, gas
5E-B  0.236525 60 S 3.2 . Gas
5 E-B 0.221225 10 6.3 gas

-
Williem J. Basbagiil
Emission Testing oranch
_Division of Appiied Technology -

Attachment

Cotoly

T T S,olitos g ol T -
&l . vor L=nmnsn el

Jd. :-;CC! it G. Sniitu fUe e ©

H, Crist 4 .

-@. Riley
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QUANTITATIVE ANALYSIS TABLES

Contained herein are: (1) a summary of weight data op samples,(2) the
results of the residye samples analysis, and (3?

an analysis of the material
collected on the glass fiber filter. The data contained in the tables should
be considered cnly as a general guide. _ . _ _

The type of analysis performed was not anticipated at th
the program and decisicns regarding sample preparation and methods of analysis
demanded an immediate response. The resulting analysis scheme was devised,
on-short notice, to fit the general Taboratory practice, making it possible - II

e beginning of I

to respond to the Program needs as quickly as possible.

Following is a discussion of the methods used in the analysis scheme.
No claim is made however that the analysis scheme used is the best nor the : Il
best approach to the problems involved. It ijs believed to be technically
sound, to provide reliable data, and to be within the limitations noted in
the discussion. . l
Discussion of Methods _ 3

imentation were required before I
:'l'!m.-n:_-_l Ma TVl 2o

copnoTT v SHBAE U5 Rade Lhal tiese we Lhuds represent tne best analytical
scheme for this work.

The methods used for determining chloride and ammonium ion are quite
sensitive. Recasonable readings above bianks assure reliable resuits down to
about 0.03 mg in the residue sample. The methods have the added advantage of

i i ictably contain large amounts of

The gravimetric method for sulfate lacks the sensiti
for this type of work if measurement of less than ) mitligram is necessary,
However, it ig Capable of determining the occasional high sulfate Tound in

some samples without repeating the determination_as would be necessary when
using some me*hads. '

_ The nitrate determination is adequate when the NHg* content of the samples

- is low or is present in &rounts approaching the corcentration of oz, Being
& "difference" method it 9s least effective in getermining smaij ameunts of
NJ3~ in the presence of large amounts of NH,*. |

] Hewever, even in the most
unfavorable combinations it will indicate the Présence of about 1 mg ot NO5™.

A »
.
|




TABLE F-1I1

— Back Half Sample ldentification

Sample ho. Stack Fuel Fraction | L Weight, mg

No. 9 1 and 7 gas Impg. water - 138.1(1)
No. 33 5 and 11 - Gas Back half acetone rirse 241

No. 42 5 and 11 ’ Gas Impg. water ' o 102.1(2)
No. 53 5 and 11 gas Impg. water - 44.9(2)
No. 54 5 and 11 6as  Impg. water | 131.8(2)

(1) Represents only part of total impinger catch of 159.3 mg.

(2) Three individual beakers were used to aznalyze the impinger water, combined
weight 278.8 mg. : B

Infrared Analysis

Three of the original residue samples contained noticeable amounts of
water-insoluble organic matter, It was possible ‘to obtain a cuantitative
measufement of the organic phase present in sample Giant Cémgnt-No. 9 by fil-

‘fering & water suspension of the residue, Ofganic matter made up a major
portibn of sample No. 33. The water-insoluble portion of this sample was

examined by infrared for qualitative identification. Results are summarized

in Table F-1V.

The results of our analyses strongly indicate that ammonium suifate is

the major inorganic component of the samples listed in the following Tables
F-V and F-VI, T -

136
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TABLE F-IV

Identification of Oroanic Components

-

Sample -~ . . QOrganic Components Present
-Giant Cement No. 33 - S methyl! silicone |

aIiphatic ester
aromatic hydrocarbon

Perhaps the presence of aromatic hydrccarbens and aliphatic esters in the
residues obtained from impinger collections can be traced to the fuel used in

the kilns. However, the presence of methyl silicone compounds suggests the

possibility that some contamfnatfon from stop-cock grease has occuréed.
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L1sted below are the 1nd1v1dua? cade anbers and descriptions for the
samples used for the metals analysis. .

Analyses T S Tt e

“Code No. \ Industrv Sarple Descrirtion

B-28 Cement Mfo. - ‘Sourge Test, Run 1
Giant Cement fgas)
; o - . . Harjeyville )

13

B-29 S - 77 Slurry (gas fired)
3—30 : | . ' Clinker (gas fired)

B~31 " ' Baghouse return dust

. (gas fired)

B-32 ' " Scurce Test, Run 1
. ({0il)

B-33 - " Clinker (o1l fired)

B~34 - ;" Fuel oil

B-35 . " Slurry (oil fired)

- : B-36 ) " Baghoﬁse return duyst
: olil fired)

The results of optical smission spectroaraphic analyses on Sampies B-28 _
~ through B-36 are reported in Tables F-VII and F-VIII. As requested details
on the methodo1ogy used are given below.

1_.

.*

The samples were ?“ﬁL“°A 2zcording to similar type a2nd in most cases were anal vze
using three Oﬂ*ltal emission SpeftrovaﬁF*" *=bh"11ues. :

fal
.

Fochnigue (a) - For very low impurity concentrations samples were mixed 1-1
_ "with graphite and run versus 1-1 graphite standards.
Technique (b) - For impurities gemerally in the range of >1000 ppm seamples
- were wixed iIn the ratio of 1 part samples - 9 paris pure
germ2nium metal ~ 10 Darts graphite and run ve*sus
germanium standerde.
Technicue (¢) - For mercurvy determi

F T -

ik ‘
0]

nation

.

1 4.
y L'l-

amples were put in beiler-czp

] ~ e S omoay P
rilroseptalcins ae

vl
L]
w




The estimates of precision
folleows: technique (a) =5¢
=100 percent.

\
for the above techni

ques a2s used on
sercent; technique (b) <25 percent;

these samples are zs
and technique (c)

In- the tabular dats major (M) indicates that the element is present in concentratlo.

over-25 percent.

Similarly high (¥) 1nd1cates

the element is present

in concentrai

greater tha1 10 percent.

e i — - - -  ——

Bt et g e e

. Seurce Samnleas 3-23, B-32., -~ - - B
Source.szoples were provided vhlcn consicted of several differant types of )
air particulater including A ilter~containing particulats in esch case,
Although our initizl instructions wW&re to combine tis various types of
collecticne and to report datz in tewms of +olal mierograms, the £iltar poretien
cffeach zample was run cseparately. This was discussed Ty telephiore with
Dr. ven Labmden wherein it was pointed aut that the high level of ipmurities
in the glass filter coald "svamp out" celiected varticulare impurity data.
Thezg.alliporticus of saclh 1um,1c viz A, B, £, ete., except che filtev: wers
coabined and analyzed sand the filt * portien of each sewpls was anzlyvred ang
the two zuelyses are reported se;arute;y in the ;tta,“ed tablesz, '

Tie acid leach techinigue of an2lysis was not used since it was deewed desiratle
to.ztterpt to obtain sonwe data on impuritiss such as F, thich eould “e lost
oh.gcid. leachinz. Samole 2uanticies of the filters were indeed too liccle to
artempt totn totzl anslysis lesc blanks and zeid lzzeh. Further ther wEs
Yittle or no real blank filtew material p vided in wmost cases znd a "make do"
blanl tad to be achieved by teking smail rilters,

segments from the edges of the

Orber cemmantis ‘::tﬂgaarc‘.'l
following tables.

re given

haX=4 ™

=3

the

e
3

the analyses of these zamples




j
|

'

detection,

found generally greater than 500 ppm. The latitude of the

photographic emulsion prevents obtaining detections to 0.1 ppm -

and up to 500 ppm.

_This would not be 2 problem with electrical

T ST Ry ; ":m‘ RS U l
° TABLE F-vID pnah-eis of Seurce Test Samn'ie 8- 23(3) | l
Contracrt No, 68- 02 0447 ‘
Determinations Recugsted ~ Priority 1 and 2 elements l
- ;pes of Anclvses - Spark Scurcc_: M2ss Spectrograph (S5HS) -
Opticzl Emission Spectrography (OES) L
o "~ Type of Fuel - Gas ' - '
SSMS OES SSMS  OES SSMS 0ES ss1s I
B-28 ‘B-28 . B-28 B-28 B-28 B-28 B-28 ‘
B nent (B+C+DFE)  (BICHDAE) {A)* (AY* Element  (B+C+D+E) (B+CLDHEY (AY*
20. - 15, L <D.4 0.4 B - 30. 1s. ©) l,
<0.1 <1, . 0.02 <3. F 1,500, (b) 560.
33- 60. ¢.2 ’ dcs- L-.;. 5. é. 10.
20, - <100. <1, <50, Ag 10. 3. <0.4 l
20. 25, <10. 10. " 8n 50. - 50. 2. '
20. 20. 3. 3. Fe 2,000. 2,500, <500.
200. 100. 3. 4. Sr 50. 50. 30. l
. 3G, <50. s0.06* <25, Na. High 1,500, High %
50. 200. <10. 10. K High . 15,0C0. High 40,
e 200, 100, <k, . <80, Ca Hich 180 000, - Hioh l
60. . 30. -1, <. Si High 16,000, (c)
156. . 100. 30. 3a. High - 1,000. - High &
200 )] 15, )] ) l
1) All.results given in total micrograms per sample. _ ' I
Not_detectable by OES. ‘
Useful determination is 'pr‘ecluded by high contribution from blank. l
Glass filters - -values given are impurity levels above glass background.
. ‘oements:-- (1) Estimates of precision are +25% and —100% for SSMS. - I
: (2) Vhere discrepancies in results occur between OES and SSMS, take :
the average as being most correct, " If greater accuracy is ' I
demandcl, the concentraticns can be determined by AA, other
classical chemical techniques and/er better standardlzatlon of :
the OES and SSMS. : : I
(3) High in the SSMS colurm is given where concentrations are )

14
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CTABLE F-VIT1 Analvsis of Source Test Sample B-32(2)

Contract Np, 6B-02-0447

‘Determinations Requested < Priority 1 and 2 elements

Types of Analvses - Spark Source Mass Spectrogreph (SSHS) -
Optical Emission Spectrography (OES)

Type of Fuel = 0il

OES SSMS QES

SSMS
B-32 B-32 SSMS  OES ~ B-32 - B-32 SSS OES
(B+C+D4+E+  (BHCADHE+  B-32  B-32 C(BHCAHDHE+  (BHCH+DHE+ B-32 B-32
Element  F+G+H+I) F+G+HLT) (AY* (AY* Element  FH+GHE+I)  F+GHH+I) (A= (A)=
Bg 0.2 0.3 <0.4 1. B 10, 15, (c) 2,000.
Be <0.1 <0.6 0.1 <. F -300. (db) 100, (b)
ca- 15. - - <30. <. <80. Li 0.1 <3. <10. 30,
As 10. <60. £1. <40, Ag 2., 0.6 <0.4 Q.
vV -20. 30. 10. 10. Sn 60. 60. <1, <0,
Mn- 30. 15. £, , 2. Fe 2,000. 1,500,  500. 600.
j  Ni 100. 60. <2, 2. Sr 15. 30. 60. 20.
~ sb 2. 0. <0.1 <20. Na High $00. (c) 1,090.
Cr- 60. 100. 10. 10, K High  9,000. High 6,000
. Zh. 40. <60. 3. <40, - Ca High 80,000, High 0,000,
Cu 50, 20, 0.5 <4, Si High §,000, (<) ()
Pb. 30. 30. £10. 30, Mg High 600. (c) 2,000.
Sé: 150. (d) 0.5 (p)

Comments - (1)

(2

(3)

detection.

(a) All results givéﬁ in total micrograms per sample.
' (b) Xot detectable by OES. _
(¢} Useful determination is precluded by high contributien from blank.

% (lass filters - values given are irpurity levels above glass background.

Estimates of precision are £25% and z100% Zor SSMS.

Where discrepancies in results occur between OES and SSMS, take
the average as being most correct. If grester accuracy 1is
demanded, the concentrations can be determined by AA, other
classical chemical techniques and/or better standardization of
the OES and SSi5.

Bigh in the SSMS column is given where concentrations are
found generally greater than 500 ppm. The latitude of the
photographic emuision prevents obtaining drtections to Q.1 ppm
and up to 500 ppm. This would not be 2 preblem with electrical
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The 2bov: gamplas war 2 I ]
spectrographic methods znd s are given in the
Rotatiens concerning the darz are given with the rabula
the resulcs.

A

.. TABLE F-IX Anzlysis of Slurry (Gas Fired) B-29(8)

Contract Wo, 68-«02-0447

Determinations Requested - Priority 1 and 2 elements

Types of Analvses - Spark Source Mass Spéctrograph (SsMS)
Optical EmissionvSpectrography (0ES)

gourse =
ched tables
T presentation of

3513 O=3 _ S&wis O3
Element B-27 B-27 Element 3~27 B-27
‘Mg <0.4 <. . B 15, 20.
Be ~ 0.2 <2, F 3c0. (b) .
cd o <2, <100, Li 7. <10,
As <3, <200, Ag <4, - <2,
Ceee W 30, 20, Sn - 2. <180,
Mn 100. . 40, Fe ~2.% 1%
Ni 10. 23, St . 300. . 200.
Sb 1. . <00, Nz £00 800,
‘Cr 200. 200, K - ~2,000. ~2,000,
Zn .20, <200, Ca High - 40,7
Cu . 2. <10.T Sa . High 4.%
Pb . 10, <100, Mg 7,000. 5,000.
Se <5, (b)

. (a)

4Al1l results given in pafts
except S5i,7Ca, and Fe, -

{(b) Not detectable by OES,

per million,-weight basis

,



TABLE F-X Analvsis of Slurrv (0i1 Fired} B-35(2)
Contract No. 63-02-0447

Determinations Reaquested - Priority 1 and 2 elements

Types of Analvses - Spark Source Mass Spectmograph (SSMS)
Optical Emission Spectruzraphy (OES)

SSMS : OES : S3MS OES

Flement B-35 B-35 Element =~ B=35 B-35
Hg <. <l. B 30. 20.
Be 1. <, F 300. ()
Cd <2.- <100. Li 3. <10,
As 3. = <00, Ag <. <.
v 40, 30. Sn 3. <100.
¥n - - 50, 40. Te ~L.% 1.%
‘Ni <30. 20. Sr 300. 200. -
b <. <100. Na 1.000. 1,000,
Cr 2006, 200. X ~2,000. 3,000,
Zn <0, <200, Cca High G0 .7
Cu 7. <10.T Si High 4.7
Pb 2. <100, Mg 4,000, 5,000.

Se.. <0, (®)

() All results given in parts per million, weight basis
except Mz, Si, Ca, and Fe.

(b) Not detectable by QES. .

T = Trace,
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TABLE F-XI Anzlysis of Clinker (Gas Fired) B-30{2)
Contract Wo. 68-02-0447

Determinations Requested - Priority 1 and 2 elements

I¥pes of Analvses - Spark Source Mass Spectrograph (SSMS)
Optical Emission Spectrography (0ES) -

. 88MS _ OES .. ...  88M5 OES
Element B-30 - 8=-30 Element B-30 B-30
Hg. <0.5 <l. B 20, 40,
Be- <0.5 . PO F . - 150, )
Cd. <. . <100. Li. 10. ' 10.
As 4, <200, Ag <1. <2,
LYY 36. . = 60. Sn - <2, <100.
Mn - 100. 100. Fe ~ ~1. 7% . 2.%
Ni aop, 60. Sr 300, 200, .
b- <. <100, Na 2,000. 2,000,
Ct. 200. 400. K " ~1,500.  2,000.
AN <10, <200, Ca . " High 40.%
¢ 1] =5. . <10.T Si High 6.%
Pb 0.3 <100. . Mg : ~L ol Lo
Se <2. . ~ (b) ‘ ’ o

(2) All results givén in parts per millién,‘wéight-basis
except Mg, Si, Ca, and Fe.

(b) Not detectable by OES.

T = Trace.
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TABLE F-XII Analysis of Clinker (011 Fired) 8-23(2)

Contract No. 68-02-0447

Determinations Requested - Priority 1 and 2 elements

zzpes of Analvses -~ Spark Source Mass Spectﬁograph (SSHS)
Optical Emission Spectrography (OES)

_ SEMS QES SEMS QFS

Element B-31 B-31 Element B-31 B-31
Hg . <, B 30. 40.
Be 0.4 <2. F 300. (b)
Cd <D.6 » <100. Li 10. <10.7T
As 1. <200. Ag <. : <2,
v 40. 80. Sn 1. <100.
Mn - 300, 200. Fe ~1.% 2.%
Ni - =30. 60. Sr : 300. 200.
Sb =l. <100. Ka 1,000, ,000.
Cr 2,000, 2,000. K = ~2,000.  2,000.
Zn 30, <200, Sa nizh hO LY
Cu 2. <0.T  Si High 6.%
Pb 0.7 <100. Mg . ~2.% 2.%
Se __ <6. (®)

(2) All results given in parts per mllllon weight basis
except Mg, Si, Ca, and Fe.

(b) Not detectable by OES.

T = Trace




TA°LE F- XILI AnaTys1s of naqhouse Retu.n Dust (Gas F*red) B‘ul(a)

Con_trapt N’o. 68 02 0447

L !

Determinations Retwested~ Priority 1 and 2 elements

Tyves of Analvses ~ Sr2rd Source Mass Spectrograéh (SSMS)
Optical Emission Spectrography (OES)

SSMS 0OES : S8MS QES
Element B-31 B=31 _Element B-31 B-31
" Hg <0.4 <l.. B 30. 40.
Re <0.5 - 2, ¥ 2,000. : (b)
Cd =2. «<100. - | Li 20, 40,
Y As 10, T <00. Ag <. 2.
vV . 30. . 20, | Sn o2, - <100,
HMn 50. s Te C~i.% i.%
Ni 30. ab, ~Sr - 200. 200.
Sk <l. <100. Na l.- oce. 6,000.
or 200, 260, R . n.s.Bu 0.%
Zn oo, <zUd. ca nizh 0
Cu 5. . <0.T - 8i " High. 4.%
Pb 150, - 250. Mg - . ~1% 5,000.

Se <10, (b)

———

() All results given in parts per m:.ll:.on, welght basis
except Mg, 8i, Ca, and Fe.

(b) Not detectable by OES.

T = Trace.
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TABLE F-XIV Analvsis of Bachouse Return Dust (011 Fired) B-z¢(2)

Contract No. 68=02-0447

Determinations Requested - Priority 1 and 2 elements

Types of Analvses - Spark Source Mass Spectrograph (SSMS)
Optical Emission Spectrography (CES)

S58M3

OES

OES SSMS
Element B-36 B-36 Element B-36 B-36
Hg <0.4 <l. B 4o, 40.
Be - <0.5 <2. F 3,000, (b)
cd <6.” , <100, Li 30. 50,
As 10. <200, Ag <. <2,T
\' - 100. 200, Sn 2. <100,
Mn : 30. 40. Fe ~1.% 1.%
Ni <50. 40. Sr 200. 200,
. Sb <1, <100. N2 3,000, €,000,
Cr ‘150, L0n ¥ " High 10
Zn 60. <200, Ca .High 40.%
Cu <10. <10.T Si High 4.7
Pb 150. 200. Mg ~1.% 5,000.
Se 30, (b) ’ .
(2) All results given in parts per millfon, weight basis

except Mg, Si, Ca, and Te.

(b) Xot detectable by OES.
T .= Trace.
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TABLE F-XV Analysis of Fuel 0il B-34{2)

Contract MNe, 68-02-0447

Determinations Requested - Priority 1 and 2 elements

Iypes of Analvses - Spark Source Mass Spectrograph (SSMS)
Optical Emission Spectrography (OES)

SSMS

QES SSMS QES

Elpmont B2/ D34 Tlpmont B-34 B-34
Hg <0.01 = <0.01 B 0.001 <0.02
Be <0.001 <0.02 F <0.01 (b)
Ccd <0.006 <. Ii 0.1 <D.2
As <0.01 S, Ag <0,01 <0.02
v High 300. Sn 0.03  <I.
Mn 0.02 <0.2 Te 3. 6.
Ni 15. 20. Sr. 0.004. <D.6
Sb <U.1 i, .. Na 5. 10,
Cr 0.03 0.2 K 3. <H.
7 n.x <7 fa 2. &,
Cu 0.2 <0.2T Si 0.5 1.
Pb 0.04 <1. Mg 7. 4,
Se <0,03 (b

(a) All results given in parts per million, weight

basis except Mg, Si, Ca, and Fe.

(b) Not detectable by OES.

T = Trace.
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Subject: Giant Harleyville 011 Sampie Anaiysis

Envircnmental Protection Agency

Research Trisngle Park,
Narth Carolina 27711

Attention: Mr. D. J. vonLehmden
Subject: Report No. Y-7654-B

- B N

Dear Darryl:

i eme -

The following are the results on your oil sample EPA-5-FA.

Heat Value
-Sulfur
Ash |
Water

Sediment

AJ¥ /uTm

N x

# cs-Fa- ¢ - e |
EFH -5 A CrtanF ComaF C;~*Eftﬁr—1 3 ffcuafqu el .

St Cotert v i

110,510 BTU/gal.
2.04% |

- 0.078%
07
0.002%

Very truly yours,

(’s¢z‘wu4;,
Abrakam J. Rurtz

Vice President
Environmentazl Sciences

~
!

Cob d mpie Comiic i

e



_ APPENDIX &
- - Test Lbc

Below is a log of the.Zssf.performed by Resources Research, Inc. during

‘the period June 8, 1971 - June 12, 1971. -

ke T

Fuel Date = Stack Tested - Type Test
Gas - 6/8T mee—. < -£2B-B and #8B-A Particulate
#3C-B and £9C-A (120 min, per
- - #1A-A and #7A-B ' test totalg )
Gas  §/10/7 #6F-B and #12F-A Particulate
£4D-B and #10D-A (120 min. per
_ #5E-B and #11E-A test total) -
Gas 6/8/717 #5E-B ' Metal (60 and
#4D-B 10 min, tests
#A-B at each stack)
011 6/11/71 £2B-B and #8B-A Particulate
] : #3C-B and #9C-A (120 min. per
£1A-B and #7A-A test totat)
#6F-B and #12F-A
#4D-B and #10D-A
— . #5E-D and #11E-A
011 6/12/71 . #B-B Metal (60 and
S £3C-B 10 min. tests

#1A-B o at each stack)

S0, samples were collected "in" and “out” of the baghouse.simulfaﬁecusly
after éach particulate test; that is, one set of two "out" and.one “in" per
fuel condition. Exhaust NOy and CO; samples were obtained during particulate
tests for each fuel conditicn. The 60-minute metal tests at each stack were - |

conducted in the same manner.2s the particulate testing.

The baghouse inlet duct was sampled for SOp only.

S _ v
. ) ) . L
] ! ! ;
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Process Samples collected

Plant was operated with gas and o0il as fuels. Two sets of process samples

were collected under botk cpemating conditions. Sampies collected are as

AL

follows:

e

1. Slurry -1 samp]gj

2. No. 6 Fuel 01 ~-o- -

3. Baghouse return &Qst - 1 sample
4, Clinker -~ 1 sample
5

Product (tvpe 1 cement) - 1 sample
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_APPENDIX H

Projert Participants and Titles

R e
T -T"!-'a" Plsbens v’v‘

ol

R. N. Alle

e

= = p

. W, Baxley,

nr

Cook,
McRé}no1ds,

g =

M. Brown,

- o g
Les 1CI3I0HCs y

r
+

Howard L7733,
Lew Felleisen,
Tom Jacobﬁ,
Allan Riley,
Clyde Riley,
Gane Smith,

Philip Yerk,

H., Kilburne.

C. Gonzalez, .
A Bigsida.,

E. Sehroeder,

(EPA, OAP)

vrees Research)

n;'?.é., Pre-Survey Inspection

:chemist Crew Leader
Chemist

Chemist

Technician
Technician
Technician -
Te;hnician
Technician

Toabhnirian
@ YR AREE & W s ey

Analyticé? Chemist, ETB
Metallurgical Engineer, SDID
Chemical Engineer, SDID
Technician, ETB |
Technician, ETB

Chemical Enaineer, ETB

Chemical Engineer, SDID

.
.
Il & G B N I = =






