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I. INTRODUCTION

Under the Clean Air Act, as amended, the Environménta] Protection

_Agency is charged with the establishment of performance standards for new

installations or modifications of existing installations in stationary
soufce categories which may contribute significantly to air pollution. A
performance standard is a standard for emissions of air poliutants which
reflects the best emission reduction systems that have been adequately dem-
onstrated (taking into account economic'considerations).

The deveTopment of realistic performance standards requires accurate
data on pollutant emissions within the various source categories. In the
1ime production industry, the No. 5 baghouse at Marblehead Lime Company, 1o-

cated in Gary, Indiana, was designated by EPA as representative of a well-

controlled operation, and was thereby selected for the emission testing
program. This report presents the results of the testing which was performed
at the Gary facilities of Marblehead Lime during the week of June 10, 1974.

The tests perfonned_were particulate, sulfur dioxide, nitrogen oxides,
carbon monoxide, and vi@ib]e emissions taken after the No. 5 baghouse
serving No. 5 lime kiln at the Marblehead Lime Company, Gary, Indiana. The
tests were conducted by Walden Research Division of Abcor Inc., under the
technical direction of EPA Project Officer, John W. Brown. The process
monitoring engineer was James Eddinger. The test crew considted of Richard
Furman, Program Manager for Walden, Lawrence Katzman, Gary Pulliam, David
Jessich, and Denis Weder, Van Madden, Samuel Geer and Paul Wade from STW Test-
ing, Inc., and Ralph Torborg from Honeywell Corporate Research. The tests
included six four-hoqr runs designed to measure average emission rates. -
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II. SUMMARY AND DISCUSSION OF RESULTS

Tables 2-1 through 2-8 summarize the results of particulates, sulfur
dioxide, nitrogen oxides, carbon monoxide, and visible emissions tests
performed at the Marblehead Lime Company, Gary, Indiana. Tables 2-1, 2-3,
and 2-5 give the test results in English units, while Tables 2-2, 2-4, and
2-6 give the results in Metric units.

The outlet particulate concentrations in Tables 2-1 and 2-2 are given
for the front half (particulate matter collected on the filter and all _
sample-exposed surfaces prior to the filter) and the total particulate con-
centration including the condensible portion of the sample catch.
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TABLE 2-7

CARBON MONOXIDE SUMMARY
(INTEGRATED 2-HOUR BAG SAMPLES)

i

Date Time _ CO, ppm
June 11, 1974 1500 - 1700 15
June 12, 1974 1030 - 1230 : 580
June 13, 1974

930 - 1130 30

. | Z&Z?Hen;
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II1. PROCESS DESCRIPTION AND OPERATION

Limestone consists primarily of calcium carbonate or combinations
of calcium and magnesium carbonate with varying amounts of impurities.
The most abundant of all sedimentary rocks, limestone is found in a
variety of consistencies from marble to chalk. Lime is a calcined or
burned form of 1imestdne, commonly divided into two basic products —
quicklime and hydrated lime. Calcination expels carbon dioxide from the
raw limestone, leaving calcium oxide (quicklime). With the addition of
water, calcium hydroxide (hydrated lime) is formed.

The basic processes in production are: (1) quarrying the limestone
raw material; (2) preparing the limestone for kilns by crushing and sizing;
(3) calcining the feed; and (4) optionally processing the quicklime further
by additional crushing and sizing and the hydration. The majority of lime
is produced in rotary kilns which can be fired by coal, o0il, or gas. Rotary
kilns have the advantages of high production per man-hour and a uniform
product, but require higher capital investment and have higher unit fuel
costs than most vertical kilns. -

The Marblehead Lime plant has five rotary lime kilns operating on high

calcium 1imestone. The product is a high calcium metaliurgical lime which
'is used in the steel industry.

The No. 5 Time kiln, which was source tested by EPA, is 300 feet in
length with an inside diameter of 10 feet 6 inches. The kiln has a design

capacity of 500 tons per day. The limestone feed is brought into the plant .

sized to one and three-quarters by one-half inch. There is no stone pre-
heater. The kiln is fired with pulverized coal.

The No. 5 1lime kiln is provided with a baghouse manufactured by the
Marblehead Lime Company. The exit gas from the lime kiln is cooled to about
500°F with a combination of water spray and tempering air. The cooled gases
pass to a knock-out box where some chips and stones are removed and then to
the induced draft fan. From the-fan, the exhaust gas goes directly to the |
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TABLE 3-1 ’
SUMMARY OF LIME KILN PROCESS
DATA DURING SAMPLING |
— Limestone* Fuel (coal)* Baghouse
l Date Feed Rate - Feed Rate Temp Oxygen
Test Run__ 1974 tph tph °F 3

i- 1,2 June 11 37.76 5.77 1.7-2.0  570-502 W
: 3,4 June 12 38.63 5.80 1.2-1.6  s50-600 N NGER
5,6  June 13 38.21 5.58 1.4-1.5  se0-600 TN
g7\ |

-

fee> PLapc TN
S
27,76 /81
38 2,\ / 7: [
3-3

*

Feed rates were determined from the feed weight indicator during each test. _
A monitor of the process uniformity was obtained from feed rate meters, however,
these meter readings were not calibrated to indicate the actual feed rates. These
numbers are shown in Appendix F. '

- —




baghouse. This baghouse has twelve compartments, six stacks, and about
80,000 square feet of bag surface area. The bags are cleaned by reversing
the air flow in a sect1on Each section is cleaned in sequence with a
typ1ca1 c]ean1ng cycle taking about two hours. The dqu'collected is used
by a EEFETEHB cement manufacturer focated nearby.

During testing, the baghouse stacks were sampled for particulates,
S0, €O, and NO,. Simultaneous visible emissions data were also recorded.

The operation of the kiln and the baghouse was monitored during the
test and the process data recorded. Readings were taken about every half
hour. These records are in Appendix F. As far as known from the process
data and conversations with the operators, the kiln and baghouse operated
normally during the tests. The main process information is summarized in
Table 3-1.

1

j

e Lifalden




IV. LOCATION OF SAMPLING PQINTS

A schematic layout of the test location is shown in Figure 4-1. There
are two three-inch sampling ports on each of the six stacks. They are lo-
cated 90° apart, two feet from the outlet and six feet from the inlet. The
stacks are 7'4" in diameter and therefore, require the maximum number of
traverse points (48). Samples were taken at each of the 48 points for five
minutes per point, or a total of 240 minutes (four hours) for each run.
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V. SAMPLING AND ANALYTICAL PROCEDURES

A1l field sampling data is provided in Appendix F. All sample calcu-
lations and test results are provided in Appendices A through E.

A. PARTICULATE SAMPLING (EPA METHOD 5)

One four-hour particulate run was made on each of the six stacks
and two particulate trains were used simultaneously. The particulate sampling
was performed in accordance with EPA Method 5, Federal Register, December 23,
1971. The location of the sampling site, determination of stack gas velocity
and volumetric flow rate, gas analysis for carbon dioxide and dry molecular
weight, and determination of moisture in the stack gases were performed in
accordance with Methods 1, 2, 3, and 4, respectively, of the aforementioned
document.

ISR Y . 5 i .

[

The variations from Method 5 as described in the Federal Register
were the addition of one hundred milliliters of water to the third impinger
and the use of a stationary impinger box connected to the heated Tilter box
through Teflon tubing. Normally, the third impinger is left empty, however,
the addition of water did not alter the sampling methods or results as the
water was eventually evaporated in a beaker for the determinatioh'of particu-
late matter in the residual water fraction. Approval was granted by the EPA
Project Officer for use of the stationary impinger box, Teflon tubing, and
stainless steel probe. The sampling train is shown in Figure 5-1.

.Due to the low velocities (about 15 feet per second), inclined mano-
meters with a range of 0 - 0.25 inches H20 were used. Nomographs were not
used for the adjustment of the sampling rate, rather the equations that '
serve as the basis for the nomograph were calculated. A direct relationship
between the stack velocity heat (APg) and the pressure differential across
the orifice meter (AH) was determined and used for setting the isokinetic
sampling rate. The relationship is a follows:
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[(z 9) (,5T0 ) (60) () (0)* (1-B) (Tm)] S

4(144) (Ts)”2 (0.C.F.)

where:
STD P.C.F. = Pitot correction factor (dimensionless)
D = Diameter of nozzle, inches
B = Percent moisture in gas stream
Tm = Meter temperature, °R
Ts = Stack temperature, °R
0.C.F. = Orifice correction factor

Also, a meter rate formula was determined and used to maintain jsokinetic
flow by checking the flow rate at 15-second intervals. We have found this
approach to be quite accurate as the two equations serve as a check for each
other. The meter rate fonnula is as follows:

Mp = (P.C.F.) x V X 60 X ;: EQ—E—Ei-x An x (1—%H20)-

avg. Ppb - P

where: | i

Mr = Volumetric flow rate, ft3/min.

P.C.F. = Pitot correction factor (dimensionless)

vavg. = Average velocity, ft/sec

Tm = Meter temperature, °R

Ts = Stack temperature, °R

Pp = Barometric pressure, in. Hg.

Ps = Stack static pressure, in. Hg.

Pm = Vacuum at meter, in. Hg.

An = Area of nozzle, ft?2

%HZO = Percent moisture in gas stream

_ _ .
The stack gas molecular weight was determined by three 4-hour in-

tegrated gas analyses collected simultaneously with the particulate tests.
An Orsat was used to determ1ne CO2 and Fyrites were used to determine CO2
and 02. The Orsat scale is only capable of reading up to 21%. Since the
02 is read together with the C02, a reading above 21% (16.5% 02 and 7.0%
€02 = 23.5% total) was obtained and therefore, Fyrites were used.




Sample recovery and analysis were performed in accordance with the
methods described in the Federal Register, August 17, 1971. At the request
of the Project Officer, a front-half water wash was performed after the ace-

" tone wash. This procedure should be used when testing lime kilns due to the
nature of the particulate emissions. All sample bottles were acid-washed
wheaton botties in accordance with specifications requested by the EPA. The
tared beakers and filters containing the particulate matter will be held by
EPA for their use.

R

B. SULFUR DIOXIDE (METHOD 6)

N

Six sh]fur dioxide tests were performed in accordance with EPA
Method 6, Federal Register, December 23, 1971. The probe was located 1in
various stacks so there would be no interference with the traversing par-
ticulate sampling train. The tests were not run for the complete 4-hour
period due to carry-over of the sulfuric acid fraction in the isopropanol
‘impinger. Each test was conducted until bubbles from the first isopropanol
.-i--.=>. impinger began carrying over into the second impinger containing the sulfur
dioxide fraction. Two rep11cate analyses were performed by the barium thorin
titration method on each sample and recorded as the average of the two rep—
Ticates.

C. NITROGEN OXIDES (METHOD 7)

The nitrogen oxide tests were performed in accordance with EPA
Method 7, Federal Register; December 23, 1971, and a modified draft sup-
plied by the EPA. Four NOx flasks were taken for each of the three days
during the particulate tests. The samples were analyzed colorimetrically
‘using the bheno1disulfonic acid procedure ai-the Walden laboratories.

D. CARBON MONOXIDE (METHOD 10)

Three 2-hour integrated bag samples were collected during the par-
ticulate tests. The carbon monoxide was measured according to Method 10 in
the Federal Register, March 8, 1974. Carbon monoxide tests were conducted
by Honeywell Corporate Research using a Honeywell NDIR Analyzer. Although
€0, CO2 and CHg channels were avai]ab]e,'only the CO channel was operated.
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EPA Method 10 specifies that for both integrated (bag) and con-
tinuous sampling, the sample must pass through a volume of silica gel and
another of ascarite immersed in an ice bath (to remove H20 and CO2). Tests
with the Honeywell NDIR CO Analyzer have demonstrated rejection ratios

' greatér than 10* for both H20 and COp. Therefore, passing the sample

through silica gel and ascarite is unnecessary. In fact, passing the
sample through the ascarite caused considerable technical difficulty.

After about an hour of sampling, the ascarite formed a hard ball around

the inlet tube to the ascarite container, causing a severe flow restriction.

E. VISIBLE EMISSIONS (METHOD 9)

The relative opacity of each of the six stacks was determined in — '~

accordance with Method 9 of the Federal Register, December 23, 1971. The
opacity determinations were conducted for two hours on each stack during
the particulate tests. Two observers read each stack except Stack No. 5,
which was read by one observer.
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PARTICULATE TEST RESULTS
AND SAMPLE CALCULATION
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SampLe CarcuLations
TeEsT No.

 VoLume oF DRY GAS SAMPLED AT STANDARD CONDITIONS , DSCF

\V/E 17TV 80 (177086302900 + ).
Msto ™ ™ (T, +460) 5380

18162

. Vowume or wQTtR Varor AT Stanphrs ConpiTions , SCF

\/WSTD.- (0.6'474)%(; = (o.b474)(2(,5)'= lz.sc; L

f.

. Moisture ComTenT 10 STack Gas

Vewsrs 1250 5%

0065 T g oudins

B, = = '
“2 7 Vmstp + Viwsto 18162 +12.56

. More Fracrion o Dry Gss

| 100 - loo(Bwa) 00 - |OO(-OQ=5)
\Y)D = — =

= 0.935
loo | oo

. MOLECQLB;.\DE—]@HT or Dey Stack Gns, 'b/lb;mo)e
> =( o.4'4-)(%'c D)+ (o.szj( %0y ) +(0.28)(%Nz: 7CO)

44(.8) +.32(19.5)+ 28(737)= 29.87 16/ls-mole

S M B NN B M, SN SN AR BN N A . 1 - .




mom:uwz wEIGHT OF LOE.TSTPCK Gas lb/Jb—mo)c

My = Mwp x mD +18(1- o) = 29.37 x.935+ 8()-.935) = 29, 'O,m

Stack Gas Veeocity a7 Stack CondiTions , 7pm

Vs = 51288 2 Cpx (T8 ﬁ)mg —-s—w—-

: ' 75 _ R
;_5\28,‘3 1..83x .22 \’(29 ‘o)@m) 88’1 9 Fpm

Smcr Gps VOLumETRlc Fow l?ﬁre BT STPCK Com:moms DSCFm -

Qs = (1-Buy) vs)(A)(ff) )-

(\- O(aS) 8?|9)(42 24)(/=,°>Gz ’93) = 23 907 DSCFM

. SThck Vouuma-mc. Flow 'Eqrfa AT Smcx Comornous Rc;m

Qs (1:+460)(29.92) _—(’-23,907)(75;)(2992)

- = . 37 2’-2 : c'
! Co 53%55)( ms)  530(2910)( 939 ) ERenCE
.O P:RC.EMT _LsomNETlc - s T
. < ), 03ZX(T'5,4coo)\/ms-D (osz)(’bn)(ter 62)
=T - = 978%
Vs x Ty xR xMp X Dx? (83L9)(zao)(zq 10)(935)( s)




l, PeeticuLame -Preze + FiLTER ,GR. [DSCF

. ) e - 262,
- _ CQn - O-O\sq'?(, Vm_;m - 010154' x'g',éz

2, Parmicuate - ToTAL |, 6R.[DSCF

. 424.5
Coa, = 0O.DI54 mes-m = 0.0154 x X862

PR RTICULATES - Ptzo Be+ Flu‘gn. 91‘ STHCL Coronmous GR.[PCF

Q - AT71 xCamx Retp _ V271X .0223 x 2910 X 935 |
AT T (Te1400)

sz*rruu)*es - ToTaL AT § LS Copomoos GR/HCF

- Ca,. = 17.7] €ax BoxMo _ [7.71x .03¢&lx 29/ x.935
u” (Ts +460) - ST 8

. BhrmicuLATES ~PROBE +FTER LB/HR

6. ParTicuTes ~-Paose + Flree , LBS/HR.

Cayx = 0.00857 xCaoxQs 2O 00?5775 osexzzoo‘z

. |
= 0.0222 GR/DSCF

= O,0360 er/DSCF

= ey - 0. Ol43G‘R/96F
= 0.023)6Rr jacF

Caw = 0.00857 x Canx Qs 7 ,00857x 0222223907 = 4.5518/He

- - ——

7. 38135‘/#




l/'Z Q‘)RTICLILHTE.' - Pr?clbe) c\\)c/ow&z) ANd -(;/fe.k ) /L/foh —‘peec/ ,

=

- ¢ T 3776

l P.= Caw _ 455 S 1205 IB/tan

i /8. F%K'TICML.HTE. - ‘éo'é:q, 5 /B/th feed

1

Pé'f. = C-?—% = 37:73.752 = 0./949 ”D/fon
c : t




APPENDIX B

SULFUR DIOXIDE TEST RESULTS
AND SAMPLE CALCULATION




—
a

WAUDEN SOURCE YEST REPURT

1

1
i

_COMPANY= MARBLEHEAD LIME COMPANY _

. PLANT= LIME KILN NUMHER & - ., « 4 aris g N .
' ’ K ' . ' ._._ . RS v .
LOCATION= GARYs INOIANA . ' _ ]
q © . _PROCESS= LIME KILN - A .
1
ﬂu .__CONTROL EQUIPMENT= BAGHOUSE .
qmmq mn:mcchI- [ T e e e e .‘_ . . 1 [ e = - I n o
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MARBLEHE

so02 TEST SUMMARY=RUN NO, 1

BASED _ON METHOD 5 TRAVERSE

STACK DATA :

ACTUAL VELOCITY= 14.6 FEET PER SECOND (FPS)

MOISTURE CONTENT= 6.5 %
VOLUMETRIC FLOw= 1427802.0 SCFhsDRY

2222941.0 ACFH
37049.0 ACFM

L ABORATORY DATA

REPLICATE NOo= 1

TITRANT VOLUME= 7350 ML
BLANK VOLUME= 0.0 ML

TITRANT NORMALITY=0.01030N
SOLUTION VOLUME= 100.,0 ML

ALIQUOT VOLUME= 20,0 ML
S02 CONCENTRATION= 1.32E-05 POUNDS/SCF;DRY

REPLICATE NO.= 2
" TITRANT VOLUME= 7.350 ML

BLANK VOLUME= 0.0 ML
TITRANT NORMALITY=0.,01030N

SOLUTION VOLUME= 100.0 ML
AL JQUOT VOLUME= 20,0 ML

.- 502 CONCENTRATION= 1.32E-05 POUNDS/SCF:DRY

602 RESULTS(AVERAGE OF 2 RFEPLICATES)

POUNDS/SCF o DRY= 1.32E-05

POUNDS/HOUR= 1,89E 01

PPM(VOLUME)= 8,09E 01 (=25 DEG C.)




MARBL EHE

502 TEST SUMMARY=RUN NO. 2
BASED ON METHOD 5 TRAVERSE

STACK DATA
ACTUAL VELOCITY= 13,0 FEET PER SECOND (FPS)

MOISTURE CONTENT= 4.8 %
VOLUMETRIC FLOW= 1344402.0 SCFHsDRY

1931892.0 ACFH
33031,.5 aCFM

| ARORATORY DATS

REPLICATE NO.= 1
_ TITRANT VOLUME= 44150 ML
BLANK VOLUME= 0,0 - ML

TITRANT NORMALITY=0,01030N
SOLUTION VOLUME= 100.0 ML

ALTQUOT VOLUME= 20.0 ML :
S02 CONCENTRATION= 1.27E=05 POUNDS/SCF<DRY

REPLICATE NO.= 2
 TITRANT VOLUME= 4.100 ML

HLANK VOLUME= 0.0 ML
TITRANT NORMALITY=0,01030N

SOLUTION VOLUME= 100.0 ML
ALTIQUOT VOLUME= 20.0 ML

J
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502 CONCENTRATION= 1.26E-05 POUNDS/SCF DY

602 RESULTS (AVERAGE OF 2 REPLICATES)

POUNDS/SCF+DRY= 1,27E=05

POUNDS/HOUR= 1.70E 01

PPM(VOLUME) = 7.74E 01 (m25 DEG C.)
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MARBLEHE

502 TEST SUMMARY=RUN NO. 3
BASED ON METHOD 5 TRAVERSE

STACK DATA

ACTUAL VELOCITY= 14.0 FEET PER SECOND(FPS)

MOISTURE CONTENT= 6.3 %
VOLUMETRIC FLOwW= 1389731.0 SCFHsDRY

2131933.0 ACFH

35532.2 ACFH

LABQRATQRY DATA
REPLICATE NO.= 1
TITRANT VOLUME= T7.560 ML v
BLANK VOLUME= 0,0 ML

TITRANT NORMALITY=0.01030N
SOLUTION VOLUME= 100.0 ML

ALIQUOT VOLUME= 20,0 ML " .
s0Qz2 CONCENTRATION= 1.74E=05 POUNDS/SCF 4DRY

REPLICATE NO.= 2
TITRANT VOLUME= 76590 ML

BLANK VOLUME= 0.0 ML
TITRANT NORMALITY=0.01030N -

SOLUTION VOLUME= 100.0 ML
ALTOUOT VOLUME= 20,0 ML

- o
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502 CONCENTRATION= 1.74E-05 POUNDS/SCF +DRY

$02 RESULTS(AVERAGE QF__2 RFPLICATES)

POUNDS/SCFsDRY="1.74E-05

POUNDS/HOURE 2.42E 01

PPM(VOLUME)= 1,06E 02 ($25 DEG C.)
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MARBLEHE

S02 . TEST SUMMARY=RUN NO. 4
BASED ON METHOD 5 TRAVERSE

STACK DaTa

ACTUAL VELOCITY= 12.8 FEET PER SECOND(FPS)

MOTSTURE CONTENT= 7.5 %
VOLUMETRIC FLOW= 1274832,0 SCFH»DRY

1942475.0 ACFH
32374.6 ACFM

{ ABORATQRY DATA

REPLICATE _NOo.= 1

TITRANT VOLUME=  6.270 ML .
BLANK VOLUME= _ 0.0 ML

TITrANT NORMALITY=0.01030N
SOLUTION VOLUME= 100.0 ML

"ALTGUOT VOLUME= 20.0 ML

S02 CONCENTRATION= 1.46E-05 POUNDS/SCF+DRY

REPLICATE NQ.= 2
TITRANT VOLUME= 6.450 ML

BLANK VOLUME= 0.0 ML
TITRANT NORMALITY=0.01030N

"SOLUTION VOLUME= 100.0 ML
ALTQUOT VOLUME= 20,0 ML

— 502 CONCENTRATION= 1.50E-05 POUNDS/SCFsDFY

502 RFSULTS (AVERAGE QF. 2 FEPLICATES)

POUNDS/SCFsDRY= 1.,48E=05

POUNDS/HOUR= 1,89E 01

PPM(VOLUME)= 9,07E 01 (a25 DEG C.)




: ' MARBLEHE

s02 T TEST SUNMMARY=RUN NO. S
BASED QN METHOD 5 TRAVERSE

STACK DATA
ACTUAL VELOCITY= 15.0 FEET PER SECOND (FPS)

MOISTURE CONTENT= 7.6 %
VOLUMETRIC FLOw= 1492680.0 SCFHsDRY

2281456.0 ACFH
_38024.3 ACFM

| ABQRATORY DATA

 REPLICATE NO.z 1

TITRANT VOLUME= €.000 ML
BLANK VOLUME= 0,0 ML

TITRANT NORMALITY=0.01030N
SOLUTION VOLUME= 121,0 ML

ALIQUOT VOLUME= 20.0 ML

S0? CONCENTRATION= 1.63E=05 POUNDS/SCFDRY .

REPLICATE NO.= 2
TITRANT VOLUME= 64050 ML

. BLANK VOLUME= 0.0 ML
TITRANT NORMALITY=0.01030N

- qa FJ‘ T‘J -J -, F ? - _i

SOLUTION VOLUME= 12140 ML
ALIQUOT VOLUME= 20.0 ML

B
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~_. 502 CONCENTRATION= 1.64E-05 POUNDS/SCF,ORY

i

S0P RESULTS(AVERAGE OF 2 PEPLICATES)

 POUNDS/SCFsDRY= 1.64E=05

POUNDS/HOUR= 2,44E 01

PPM(VOLUME)= 1,00E 02 (825 DEG C.)
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MARPBLEHE
502 ~ TEST SUMMARY=RUN NO. 6
BASED ON METHOD 5 TRAVERSE
STACK NATA

ACTUAL VELOCITy= 13,8 FEET PER SECOND (FPS)

MOISTURE CONTENT=
VOLUMETRIC FLOw=

6.5 %
1389359.0 SCFHsDRY

210464940 ACFH
35077.5 ACFM

L ABORATORY DATA

REPLICATE NO.=

1

TITRANT VOLUME=
BLANK VOLUME=

3.750
0.0 ol

ML
L

TITRANTJNORMALITY=O.01030N
SOLUTION VOLUMES= 117.0 ML

ALIGQUOT VOLUME=
S02 CONCENTRATI

20.0 ML

o= 1.55E-05 POUNDS/SCF sDRY

REPLICATE NO.=
TITRANT VOLUME=

2

3,790 ML

T

BLANK VOLUME=

‘0.0 ML
TITRANT NORMALITY:0.0IOBON

SOLUTION VOLUMES= 117.0 ML

ALTQUOT VOLUME= 20,

0 ML

,EF.-

:

T .. 502 CONCENTRATI

ON= 1.55E-05 POUNDS/SCF sDRY

02 RESULTS(AVERAGE oF __ 2

REPLICATES)

POUNDS/SCFsDRY= 1.55E=-05

POUNUS/HOUR= 2.15E 0l

PPM(VOLUME)= 9,45E 01

(625 DEG Ca)
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APPENDIX C

NITROGEN OXIDES TEST RESULTS
AND SAMPLE CALCULATION
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MARBLEHE

NOX TEST SUMMARY-RUN NO. 1
BASED ON METHOD 5 TRAVERSE

STACK DATA

ACTUAL VELOCITY= 14.6 FEET PER SECOND(FPS)

HOTISTURE CONTENT= 6.5 %
VOLUMETRIC FLOW= 1427802.,0 SCFHsDRY

2222941.0 ACFH
37049.0 ACFM

L ABORATQRY DATA

REPLICATE NO.= 1

FLASK VOLUME= 2038.0 ML
ABSORBANT VOLUME= 2640 ML

INITIAL PRESSURE= 1.89 IN,HG
FINAL VOLUME= 29.41 IN.HG

INITIAL TEMPERATURE= 72.0 DEGe FARRENHEIT
FINAL TEMPERATURE= 76.0 DEGe FAHRENHEIT

NOX CONCENTRATION= 4.,94E-06 POUNDS/SCF s DRY (AS NO2)

SEPLICATE NO.= 2 _
FLASK VOLUME= 2030,0 ML

ABSORBANT VOLUME= 24.5 ML ]
INITIAL PRESSURE= 1.89 INJHG

FINAL VOLUME= 28.51 INJHG :
INITIAL TEMPERATURE= 70.0.DEG. FAHRENHEIT

FINAL TEMPERATURE= 74.0 DEGe FARKHENHEIT
NOX CONCENTRATION= 4 ,625-06 POUNDS/SCF «DRY (AS NO2)

|
i

1
b

1

]

REPLICATE NO.= 3

FLASK VOLUME= 1961.0 ML
ABSORBANT VOLUME= 24,0 ML

INITIAL PRESSURE= 179 INLHG
FINAL VOLUME= 28.61 INJHG

INITIAL TEMPERATURE= T340 DEG. FAHRENHEIT
FINAL TEMPERATURE= 73.0 DEG. FAHRENHEIT

NOX CONCENTRATION= 4499E-06 POUNDS/SCF sDRY (AS NOZ)

REPLICATE NO«= 4
FLASK VOLUME= 1992.0 ML

ABSORBANT VOLUME= 25.5 ML
INITIAL PRESSURE= 1.89 INJHG

FINAL VOLUME= 29.41 INJHG
INITIAL TEMPERATURE= 72.0 DEG. FAHRENHEIT

FINAL TEMPERATURE= T74.U DEGe FAHRENHEIT :
NOX CONCENTRATION= 5,07E=-06 POUNDS/SCF «DRY (AS NO2)

NOX RESULTS(AVERAGE OF & REPLICATES) .

POLINDS/SCF sDRY= 4.90E-06

__POUNDS/HOUR= T.00E 00

PPM(VOLUME) = 4,1BE 01 (@25 DEG coy

-

.



MARBLEHE

NOX TEST SUMMARY=-RUN NO. 3
BASED ON METHOD S TRAVERSE

STaCK DATA

ACTUAL VELOCITY= 14.0 FEET PER SECOND (FPS)

MOISTURE CONTENT= 6.3 %
VOLUMETRIC FLOw= 1389731.0 SCFHsDRY

2131933.,0 ACFH
35532.2 ACFM

| ABORATORY DATA

REPLICATE NO.= 1

FLASK VOLUME= 1964.0 ML
ABSORBANT VOLUME= 25.0 ML

INITIAL PRESSURE= 2.04 INJHG
FINAL VOLUME= 29.68 INJ.HG

INITIAL TEMPERATURE= 72.0 OEGe FAHRENHEIT
FINAL TEMPERATUFE= 80.0 DEG. FARRENHEIT

NOX CONCENTRATION= 5,05€-06 POUNDS/SCF yDRY (AS NO2)

REPLICATE NOe.= 2
FLASK VOLUME= 2046.0 ML

ABSORBANT VOLUME= 25.0 ML
INITIAL PRESSURE= 1.81 IN.HG

FINAL VOLUME= 29.06 INJHG Co
INITIAL TEMPERATURE= 75.0 DEG, FAHRENHEIT

. FINAL TEMPERATURE= 61,0 DEG. FAHRENHEIT _
. _NOX CONCENTPATION= 4.92E-06 POUNDS/SCF.DRY(AS NOZ)

REPLICATE NO.= 3

FLASK VOLUME= 2009.0 ML
ABSORBANT .VOLUME= 25,0 ML

INITIAL PRESSURE= 1.80 INGHG
FINAL VOLUME= 29.1% INJHG

INTITIAL TEMPERATURE= 75.0 DEG. FAHRENHEILT
FINAL TEMPERATURE= B81.0 DEG. FAMRENHEIT

DX CONCENTRATIONS 4.12E-06 POUNDS/SCFsDRY (AS NOZ)

SEPLICATE NO.= &
FLASK VOLUME= 2020.0 ML

ABSORBANT VOLUME= 24.0 ML
INITIAL PRESSURE= 1478 INJHG

FINAL VOLUME= 2B.88 IN.HG -
INITIAL TEMPERATURE= 71.0 DEG. FAHRENMEIT

FINAL TEMPERATURE= &2.0 DEG. FAHRENHEIT
NOX CONCENTRATION= 3.77E-06 POUNDS/SCFoDRY (AS NOZ2)

NOX RESULTS(AVERAGE OF 4 REPLICATES) .

POUNDS/SCF sDRY= 4,67E=-06 -

~ POUNDS/HOUR= 6,.,21E 00 o

"PPM(VOLUME)= 3,8lE 01 (825 DEG Ce)




MARBLEHE

NOX TEST SUMMARY=RUN NO,. S
BASED ON METHOD 5 TRAVERSE

STACK DATA

ACTUAL VELOCITY= 15.0 FEET PéP SECOND (FPS)

MOISTURE CONTENT= 7.4 %
VOLUMETRIC FLOwW= 1492680.,0 SCFHsDRY

228145640 ACFH
38024.3 ACFM

L ABORATQRY DATA

REPLICATE NO.= 1

FLASK VOLUME= 2030.0 ML
ABSOQBANT _VOLUME= 26.0 ML

INITIAL PRESSURE= 1s62 INJHG.
FINAL VOLUME= 29.67 IN.HG

TINITIAL TEMPEWATURES 77.0 DEG. FARRENREIT
FINAL TEMPERATURE= 8540 DEGe FAHRENHEIT

NOX CONCENTHFATION= 9.48t-06 POUNDS/SCF sDRY (AS

NOZ2)

REPLICATE NOe= 2
FLASK VOLUME= 1992.,0 ML

ABSORBANT VOLUMF= 26.0 ML
INITIAL PRESSURE= 1459 IN.HG

FINAL VOLUME= 29.57 IN.HG
INITIAL TEMPERATURE= 78.0 DEG. FAHRENHEIT

FINAL TEMPERATURE= 85.0 DEGe FAHRENHEIT

L NO0Y CONCENTRATION= 7,70E-06 POUNDS/SCF,DRY(AS

NO2)

. REPLICATE NO.= 3

FLASK VOLUMF= 2040,0 ML
ABSOOBANT VOLUMF= 25.0 ML

INITIAL PRESSURE= 162 INJHG
FINAL VOLUME= 29.47 INJHG

INITIAL TEMPERATURE= g2.0 DEG. FAHRENHEILT
FINAL TEMPERATURE= 864V DEGe FAHRENREIT

NOX CONCENTRATION= 9.15E-006 POUNDS/SCF ¢DRY (AS

NOZ2)

REPLICATE NO.= 4
FLASK VOLUME= 1694.,0 ML

ABSORBANT VOLUME= 26.0 ML
INITIAL PRESSURE= 1.68 INSHG

FIMAL VOLUME= 29.37 IN.HG
INITIAL TEMPERATURE= 80.0 DEG., FAMRENHEILT

FINAL TEMPERATURE= 83.0 DEG. FAHRENHEIT

NO2)

NOX CONCENTRATION= 7.87E=086 POUNDS/SCF sDRY (45

NOX PFSULlélAXEE&ﬁE.OF 4 _REPLICATES) -

POUNDS/SCF sDRY=_8.5SE=06

|
I
i
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I
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i
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1

POUNDS/HOUR= 1l.,28€ 0} . _ . . o —

— - pPM(VOLUME) = 7,29E 01 (&25 DEG C.)
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APPENDIX D
CARBON MONOXIDE TEST RESULTS
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TABLE D-1

SUMMARY OF CO TEST RESULTS

" Date " Time C0, ppm
June 11, 1974 1500 - 1700 15
June 12, 1974 : 1030-; 1230 SBQ
June 13, 1974 930 - 1130 30

The following graph is the calibration curve for the NDIR Analyzer.
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APPENDIX E
OPACITY TEST RESULTS
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" The relative opacity of each of the six stacks was determined by
EPA Method 9. The opacity determinations were conducted for two hours
on each stack during the particulate tests. Two certified EPA-9
observers read each stack except Stack No. 5, which was read by one
observer. The results are summarized in Table E-1.
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APPENDIX F

FIELD DATA
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/i 32.3 28.Y
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18 82.9 73,8 =
7 85,8 76.4
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2( 2./ a).0
22 Y. S 83.2
73 - 9.8 85.2
2¥ | 9.9 - §7.0
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PARTICULATE TEST NO, / | \

I. Total Water Collected

Silica‘ GCel Impingers

. Final 529
Initial 300
Net '-'( z 2 | .
Total = Z65 wl

II. Conversion of Water Collected to gas at Meter Conditionms
“(for gas meter intermally corrected to 70°F)

Pm = Pb + Po/13.6 = 2909 + 04¢L /13.6
= jginre
W= 1415 x ml/Pm = 1.415 x 2657 29.0¢

_T_-_ . E&Cu.ft_ ke ‘_‘_

111. Percent Moisture of Flue Gas : /
| 199,14

— -\ ’
Cwive v = 12K (2634 12,86) (4,416
= v

‘es% 2 i3

_ _ ZMENTY P,

‘IV. Relative Density of Flue Gas ‘ : ?T?{-

From Fyrite Analysis: . o

Cop = % Vol, dry
09 = % Vol, dry
Ny = ZIVOI, dry

pEtermination of Average Molecular Weight of Flue Gas

H20 = 18 x =
€O, = 44 x x =
0 = 32 x x =
N2 = 28-x X =

Relative Flue Gas Density

6d = /28.95 =
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PARTICULATE TEST NO.

V. Average Flue Cas Velocity

ps = 2909 -0¢ /13.6 = 2907 in.Hg

. ) 2 34 .
vs = 2.9 x Fs x ;[29.92 xfg x ‘J;-avg;
. Ps x Gd . .

» - 7 :
. = 2.9 x 0.8 x _[29.92 x7%7 x 30 (-,r.f'-’ =

a-’,.ai x / ’ . )

. 1477 ft/sec '
VI. Actual Flue Cas Flowrate
v = Vs x Area x 60 = x Sq.ft. x 60

= . ACFM

VII. Wet Meter Volume Converted tr.; Stack Condi.ti‘ons'

1 ?‘1"6 cu,.ft.

747
_ 530

E R G .
o . . +

MWm = Vv + Vm = + =

Mys = MVmxPmxTs = (216 x27/4 =x

.= 7-?7-'[3 cu, ft. ‘

VIII. Dry Meter Volume Converted to Standard Conditions

vo x Pn/29.92 = 156.> = 29.1C 429,92

- am .. a.

Mvstd =
] = 181.57 bscF
' 1X. Weight of Particulate Collected
™ .
l ,Gross
Tare rtom—,
' Net
\
. ' D = TOTAL = granms
'._ }__ A
..
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PARTICULATE TEST_NO.

X. Dust Concentration

Grains/ACF = 15.43 x D/MVs = 15.43 x /
= grains/ACF
Grains/DSCF = 15.43 x D/MVstd = 15.43 x A

= grains/DSCF

-

XI. Emission Rate.

. Pounds/#r = D x V x 60/MVs x 454
. = x x 60/ x 454
l = "~ 1b/hr _
rEN Pomds/Mii_i_;on Btu = 1b/hr / x IQG'Btu/hr
l h,, " - 1b/million Btu
: iII. Percent Isokinetic Sampling : .

30"-5.6 x Mvs/vs x t x a?
305.6 ng?-\iﬂ;.l.jxr.—ﬁ x (-9)
.47,% « ”

%

- .- .
1

- —



! - STW TESTING, INC. 7.
l Field Test Data o
- - e P .7_9 -
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- Date £-11~7Y4 .S Stack Pressure ¢ E
. % Rdn No. -7 7 Nozzle Size —2‘:-” =i %
l -7 STA C?'(‘ >3 R . . - Heater Box Setting =

s Probe Heater Setting
Rw. = 3 oY 4 H

raverse| Sampling|Stack{Velocity Pressure Gas |Gas Sample[Sample|Temp. of Gas|Temp. of Gas

Point Time |Temp. Head |Differential|Sample| Temp. at Box Impinger Impinger
.| Number | (Min) oF (&Pg) Across Volume| Dry Gas | Temp. Inlet Outlet
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e STW TESTING, INC.
l Field Test Data
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PARTICULATE TEST NO.

1. Total Water Collected

Silica Gel Impingers

Final Ll :]_7'
Initial ’77 O o

Net ll ( 5 Z
Total = l 7 3 ml

II. Conversion of Water Collected to gas at Meter Conditions
(for gas meter internally corrected to 70°F)

Pm = Pb + Po/13.6 = 24,49 o+ 074 113.6
- =249 imHg ~ .
W = 1.415 x ml/Pm = 1.415 x 173/ 24,¢$”
T = '_'s.. Ocu.ft. --‘-- '-‘_. '-- ) . . — ’ .
II1. Percent Moisture of Flue Gas
. \ 175 3%
whiv + vm) = a_qg gMo+ 165,13)
= q. 79 rd . .
| === 0= ¢ (41605 )
IV. Relative Density of Flue Gas i ar.
From Fyrite Analysis: : 'w x Tie b4l
cop = % Vol, dry b, 643
0p = % Vol, dry -
N, = % Vol, dry 12,565 = 2%
] + 6697 -
Determination of Average Molecular Weight of Flue Gas 126,73
H20 = 18 x =
COZ = 44 x x =
0 = 32 x x =
NZ = 28 x x = . .
-""T'h‘
Relative Flue Gas Density
o Gd = /28.95 = L _

i N
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PARTICULATE TEST NO.

V. Average Flue Cas Velocity

29,01~ 0% /13.6 =2997 in.Bg

2.9 x Fs x f29.92 x Ts x ‘JP—avg.
o Y Ps x Gd '

2.9 x 0.83 xVE9.92 x2-3 = (7] _\v,-";;;; = 27,20

can? X 00 -

.Ps

Vs

1%, ftr/sec

VI. Actual Flue Cas Flowrate

V = Vs x Area x 60 = 0 0x Sq.ft. x 60

= ' ACFM

-‘ -‘ - -‘I -I - : - - -
. .

ViI. Wet Metef Vvolume Converted to Stack Conditions

i MWm = Vv + Vm = + = cu.ft.
MVs = MVmx PmxTs = 7538x _2%/5 x _ 933
. Ps 530 24,09 530

. . 7q0!40cu. ft.

B

VIII. Dry Meter Volume Converted to Standard Conditions

Mvstd Vvm x Pm/29.92 = S /129.92

= DSCF

R
.
I

I1X. Weight of Particulate Collected

Gross
Tare

Net

D = TOTAL = grams

l




PARTICULATE TEST NO.

X, Dust Concentration

Grains/ACF = 15.43 x D/MVs = 15,43 x /
= grains/ACF

Grains/DSCF = 15.43 x D/MVstd = 15.43 x /
= grains/DSCF

XI. Emission Rate

D x V x 60/MVs x 454

T e

= 1b/million Btu

an .

XII. Percent Isokinetic Sampling

2 = 305.6 x MUsfis x t x d2)

2
305.6 x2904/13.1 x 240 x (.5)°)
93,5 =

Il G - EE

B OGN D Gl Il
L]

- Pounds/Hr =
= x x 60/ x 454
= 1b/hr
Pounds/Million Btu = 1b/he / % 108 Btu/hr
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L ’/\ Probe Heater Setting &) & .
Rr\m = 3) 6% H i
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- STW TESTLING, INC.

Field Test Data

Qo= 50 yY#
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- e

Heater Box Setting 2%
Probe Heater Setting 2% “

-

averse|Sampling|Stack|Velocity| FPressure Gas |Gas Sample|Sample|Temp. of Gas|Temp. of Gas

Point Time |Temp. Head |Differential|Sample| Temp. at | Box Impinger Impinger
A Number | (Min) °F (APg) Across Volume{ Dry Gas | Temp. Inlet Outlet
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PARTICULATE TEST NO.

I. Total Water Collected

Silica Gel Impingers

Final 560

Initial %‘ﬁ‘

32.0

Net

ml

Total

II. Conversion of Water Collected to gas at Meter Conditions

(for

Pm

- W

gas meter internally corrected to 70°F)

= b +(po/13.6) = + /13.6

= in Hg

= 1.415 x ml/Pm = 1.415x  /
cu.ft.

I11. Percent Moisture of Flue GCas

wiiv + vm)

/ +
%

IV. Relative Density of Flue Gas

From Fyrite Analysis:

co, = % Vol, dry
0p = Z Vol, dry
Np = % Vol, dry

Determination of Average Molecular Weight of Flue Cas

H2° = 18 x =
C02 = 44 X x =
0 = 32x x =
N, = 28 x 'x =

Relative Flue Gas Density

Gd = ©/28.95 = __ .




STW TESTING, INC.

l 0l 37 Field Tes‘t I‘)jta
g woug 77 APPSR e
“ Plant o4 % . o :’Z; Y g Amb. Temp. 74 " F
l : Location ,¢04 ~.o0 ' ’ - Bar. Pressure 29 2/
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eater Box Setting 5
% SECIT b l‘f R."_ = -3, 4 2 H Probe Heater Setting ¥
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STW TESTING, INC.

Field Test Data
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PARTICULATE TEST NO,

1. Total Water Collected

. Silica Gel Tmpingers
Final . 55 7
Initial ~30p
Net 22.0 ;257*7

Total = ml

II. Conversion of Water Collected to gas at Meter Conditions
(for gas meter internally corrected to 70°F)

Pm = Pb +(po/13.6)_ = + /13,6
= in Hg ' T
W = 1.415x  ml/Pm = 1.415x /
- cu-fcl- o o T N
1I1. Percent Moisture of Flue Cas
= I +
= y A .
- —]
1V. Relative Density of Flue Gas
“From Fyrite Analysis:
cop = % Vol, dry
0 = % Vol, dry
Np = % Vol, dry

Determination of Average Molecular Weight of Flue Gas

H20 = 18 x =
COp, = 44 x x =
0, = 32x x = _
= 28 x x = :

Relative Flue Gas Density

e L __Cd_ = /28,95 = - - o

l vwffov + vm)
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Field Test Data
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STW TESTING, INC.
Field Test Data

Plant Ma? Yz In-acs} A —(.,7$ -/ Amb. Temp. 76
C

Location "&-G'F‘// Fn ~J_£ii,_:——/-—5—"—- - ?éBar. Pressure &<7.( 7
Date (-i3-"7¢ 505 5 7./ o7 o Stack Pressure

s

- L

Run No. Syac X 3 _ ~ 29 Nozzle Size &'/
5,4‘.'7'1‘_[70/'7 ' . '5’2"'-;.—:_ a3 Heater Box Setting
Ll . o = 71 3|— Probe Heater Setting
R 2 34T 025 P56
I raverse|Sampling| Stack Velocity| Pressure - | Gas |\|Gas Sample| Sample| Temp. of Gas| Tewp. of Gas
'™ point Time |Temp.| Head |Differential|Sample| Temp. at Box Impinger | Impinger
_| Number | (Min) OF (aPg) Across Volume| Dry Gas | Temp: Inlet Outlet
Meter Fe3. Meter OF op oF
(AH) In. #y0 F . : :
Nfer 7T 1120 ©| ————""—""" o7 0% | ————— ————
l { T2 o oS TL 1220.9 g5 12720 —_—_ 72
' ks 10 | 5%n) e 9% 1243 T4 1275 . £
>3 (&S| 1asl e ez liR27] =5 280 — | 6 cC
-y 20| 2%5 1, 05 | — &322z A Y - GO
i 5 3¢ Zgevl.oh T (oo L& o e (XS
/2 EDIERNSLY J, 72 1G4l ¢ 4 2Zal <= ¢ =
- S Al ned. o215 1 |, & uGubil 95 270 | _— Le
| 3 S5 | 2A 07 v  ligwd °4 270 | o ——— | €0
o 11> o129 s / b7 (5598 (&0 1290 et &
7 ‘Lol 191,063 [.9 = Bl 24 [0 2 So0 e AL
i 71 G5 .oe S |- 64~ %471 (o0¢ 290 (- o
: [2 16 | TEI | rvw sy [- 5% 1293 oo - | 27 =~ Wz
{ 3 » 2-—0 ‘ZSD i é 2 {s ‘3'2-4" 1C2‘Hf1 [() o QXL} _/ L“’ £
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L& o] 29018 il Lo 12 3. [c <, PN o :
‘ (< 5G| 2o, 0181 175 (G5 3l Jps | 2%6 i pr=) :
L 72v 551 L | O%4 1.1 < iYLt Lo 2%¢ - €4 '
B e 0 2914R9 . % Tone | 11O 278 /7 G
F 2T Tod 2o.p25 1L AT Y s €5
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PARTICULATE TEST NO.

1. Total Water Collected

Silica Gel Iwpingers

Final 390.8 589
Initial 35e.8 o &
Net 38.0 _ 25 7
Total = ml

II. Conversion of Water Collected to gas at Meter Conditions

(for gas meter internally corrected to 70°F) ... - i -
pm = Pb +(po/13.6) = + /13.6 .
= . in Hg = _ e 2T .
Ww = 1.415x wml/Pm = 1.415x [/ -
cu.ft. T : o ; T

111. Percent Moisture of Flue Gas

whiv+wm) = -~/ .+
: = A .

—_—

IV. Relative Density of Flue Gas.
From Fyrite Analysis:

% Vol, dry

Coy =
0, = % Vol, dry
Ny = % Vol, dry

Determination of Average Molecular Weight of Flue Gas

H,0 = 18 x -
cop = 44 x x =
0 = 32x x =
Ny = 28 x X - = e L
L .

Relative Flue Gas Density

Gd = /28,95 = o -

.
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l ! Field Test Data o
. Plant M7r b lo Lepé Lame €Eeo Anmb. Tenmp. 73 F
l Location 2y, Tl Bar. Pressure z?‘t’,
Date O/Il/) o Stack Pressure ‘z’.' "
Rea—bla . Nozzle Size %2 ,_-/,;m '
I 342,_,[( £ L Heater Box Setting 1—-(0_,
( Probe Heater Setting 2.9 ©
Y R = 3.8V R
I raverse|Sampling| Stack{Velocity| Pressure Gas |Gas Sample|Sample|Temp. of Gas|Tewp. of Gas
Point Time |Temp. Head |Differential|Sample| Temp. at Box Impinger Impinger
- | Number | (Min) OF (APg) Across Volume| Dry Gas | Temp. ‘Inlet Outlet
l Meter Fe3. Meter oF oF oF
] (AH) In. H0 OF ' '
St L 19Ty — 1720/ 2. l
l pzy 20 | 2.79C 0510 1 .05 94 ~0 | 260 — 20
"o 25 35 | 270ues] v .00 (7984 7y | 2 d — O
l 2 qo_ 2okl 2y, I, 29 | 50242 9y | e — 7
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" Field Test Data o awem
- _ 3°~=
. Plant M RLAE HELD Lime ce- Amb. Temp. 7
' '+ Location € 2y T d Bar. Pressure £7. 2 /
Date G{I -5/7 : . . .- Stack Pressuref27 L/
- Nozzle Size & ¢~ “./ . '
57‘:.-‘:/ é " Heater Box Setting , =~ <
Probe Heater Setting ....5"0 ;

.5;»%@«%’5 - ec/))\“ o g

raverse|Sampling| Stack Veloclty Pressure Gas |Gas Sample|Sample| Temp. of Gas|Temp. of Gas
Point .| Time |Temp. Head |Differential|Sample| Temp. at | . Box Impinger - Impinger
| Number (Min) oF (aPg) Across Volume| Dry Gas | Temp. Inlet Outlet
Meter Ft~. Meter oF oF oF
(AH) In. H,0 OF :
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PARTICULATE TEST NO.

I. Total Water Collected

Silica Gel Impingers

Final 290.% Sty
B
Initial 652 _ 3 e
37.5 219
Net
Total = ..ml

II. Conversion of Water Collected to gas at Meter Conditions
(for gas meter internally corrected to 70°F)

Pm = b +(Po/13.6) = + /13.6
= in Hg :
W o= 1.415x ml/Pm = 1.415x [/

= - ecu.ft.

111. Percent Moisture of Flue Gas

Vvﬂv + Vm)

o +
%

IV. Relative Densitv of Flue Gas
From Fvrite Analysis:

Cop = % Vol, dry
0p = % Vol, dry
Np = % Vol, dry

Determination of Average Molecular Weight of Flue Gas

H,0 = 18 x =
Co, = 44 x x =
0y = 32 x x =
N, = 28 x x =

Relative Flue Gas Density
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Page |

Test site MAKBLEHAD L ME
pate |l JYUNE 974
Time [2:30
Sample No. ONE Sampling Location STACK NO. §
Sampling Train SO, -
Pump Temp. (°F) i LB°
f
Sampling Rate, %/min .0
Sampling Time_(min) ES
% CO2 me HZO Staﬁk'Temp. (°F)
%0, " Vol. Sampled (2) |
% CO ? H20
Sample No.
Sampling Traiﬁ
Time (min) | Sampling Rate (2/min) | Temp. °F | aP" | Dry Test Meter (A%)
0 e L8 |12.s| 1Z27.5%
5 |.0 70 |25 i27.70
10 .o “7c [2.8] [27.40
15 .0 70 23] j28.10
20 0.9 70 |25 128.30
25 | . | 7] 2.0 | 28 5
30 0.7 73- |25 128 .1 |

- }s ‘ . ' ) . - o
' IR EE T A N G N E BN I G B B EE (| .

" WALDEN RESEARCH CORPORATION




_ Page A
Test Site MACB D U ME
pate /| LON=_ /7729

l - Time
I Sample No.___ ONE Sampling Location S[ATIE Ap &
I Sampling Train 507 -
o Pump Temp. (°F) i 72°
l f
L Sampling Rate, £/min__ /.T/ /-0
l ~ Sampling Time (min) '_L_'S
l % CZO2 me H20 Stack Temp. (°F)
i 3 02 ~ Vol. Sampled (2)
% CO 4 H20
Sample No.

"~ Sampling Train

;E &aE Em

Time (min) | Sampling Rate (¢/min) | Temp. °F AP;' Dry Test Meter (A3)
3S_ = | .0 72 |2S| 128 92
l9'7 M s |.P 1 722 |25 i29.¢c1 =~ S‘OF
|.o o 2 (O 72 |2.5] 129.90/ (f@ﬁc\
] 22 45 1.0 73 1251 129.2] coss/
}in ZEs LO 3. R.S| 129,30 < sTol%
i; o 1F = _ [.O 23 R3S 129. 30 STAL—
ﬁ'ﬁ St 1.O 73 RS (29.39 .
I:Zl M g5 .2 )3 2.5 ‘129 49 <=S5T0”
26 (M___¢ [0 [ 73 RS) (29, 49 = sTALT
b1 = .0 722 25| 12455

dafi___ T e T 5 75| 129, Co a—etD

WALDEN RESEARCH CORFORATION —
W CO, NoT  Shffef H’E*ze\x: ~) 0 ' o




Page_L
Test Sife‘ﬁ&"}l-a'}:jx) LIAJG;
pate 1l- JUNE 19
Time 2.0 ;r'}

‘ sampling Train

Twe -
So,

Sample No.

Pump Temp. (°F) i
f

1.
Sampling Rate, &/min_ [~ .

~ Sampling Time (min) g'rd '

SampTing Location \5‘;\‘5‘9( N ¥

NoTe: \SJHO;‘.E' ‘ RoM -ﬁeﬁuﬂﬂ"
FRCEY comeg T AWAY
wWisbs “ABout 20‘,}PH.
- . L

L A%

!‘

-

I ’
-

zZ CO

Coh

o mH0 Stack Temp. (°F)_2 79
30, Vol. Sampled (%) '
% €O % H0_
Sample No. - NoTE: TEIC LTpéh D (S

Sampling Train

30 MIN eI LT

| ' - ..
»
.

MANGeK  Beiesy Toe GiGH.

'; Tin;é (min) | Sampling Rate (%/min) | Temp. °F | AP" | Dry Test Meter (A3)

00 PH__o L 73 12.5| 1Z29.¢<
i‘;os Py_s S S 28] 1333

w20 PM__10 .o <8 |2.5| 130.01
Esrﬁ' PM 15 BN 76 2.:.'3' |20 .21
[‘!.20 fM__20 .o 77 25| 430-42 —
428 (M _2s [.O 27 28| 130.6%2
u&o PM 30 $0 79 |25 130. 83

WALDEN RESEARCH CORPORATION




_ Page {
Test site MARBLEHSAD LIME
pate |2 UNE FA74

Time_ 1l :00 AM

Sample No. THLEE Sampling lLocation S TA<K- NO, Z
Sampling Train \S‘Oz '

Pump Temp. (°F) i )

Sampling Rate, &/min .0

~ Sampling Time (min)

% C0, me H,0 _ Stack Temp. (°F)_28°
. 20, Vol. Sampled (f-) o

2C0_______ %HO

Sample No.

Sampling Train

-l U e N A O B N .

I o Time (min) Sampling Rate (2/min) | Temp. °F AP“. Dry Te;t Meter (A3)
llooﬁ""’ 0 [.O 7 |2.5]  150.9)
lnosm 5 .0 72 |2.5 13 ). 09
l 1o A 4o .0 73 28] {31.30
I (8 M 15 .0 73 |2.§ 131 .5 |
|Il 120 A 20 [, 0 74 12.5| (31.7% —
L :25AM 25 (.0 12 - |2.8]  13]. 94
l 11:30 30 [-© 728 2S5 13218

l ' ' ' WALDEN RESEARCH CCRPORATIGN -




Page 2
Test Site MALALEHRAD LIME
Date (2. JON= 974

Time_ || : 30 AM
sample No. T HLEE Sampling Location STACK  No. 2
Sampling Train ~f;C>;__ | |
. Pump Temp. (°F) i S
I | "
B Sampling Rate, 2/min__|.©
l Sampling Time (min) '
l' % (o, me H,y0 i ' - Stack Temp. (°F) 280
' 4 02 Vol. Sampled (2)
_ Z CO - H20
Sample No.

Sampling Train

Time (min) | Sampling Rate (&/min) | Temp. °F | AP" | Dry Test Meter (A3)

20
35 |.0 72 |2.5| 132.83

40 (.0 A 74 12, 132.54
a5 '
_ %0 L _ | R

Ss - ' '
éo

WALDEN RESEARCH CORPGRATION

T I N B EaE e .




Page 3
Test Site MALLSH=AD LIME
Date [2. UNe 979

Time_[:S® FPM
Sample No. oVl Sampling Location STHCK ANO. X
Sampling Train ﬂsoz
Pump Temp. (°F) i TR
. f -
Sampling Rate, 2/min [.Q
Sampling Time (min) '
%00, me Hy0 | _ Stack Temp. (°F)
- %0, Vol. Sampled (%) |
% C0 b4 H?_o
Sample No.

Sampling Train

Time (min) | Sampling Rate (2/min) | Temp. °F | aP* | Dry Test Meter (A3)

J:So M | [.O 72 2.5 |32 .83

[:S5(H 5 | B <43 |25 133.09

202 4 |.O 1 78 28] 132.28

2:08 Iy 15 O 717 2.5 183 .4s

2:\0 P4 5 o4 ™ 8| 2.5 P
2.8 K 35 o 81 2.0 133 .89

2:20 30 ' | il 83 2.5 134.07

WALDEN RESEARCH CORPCRATION




O . - Page_f__
. Test Site MARAEHAD M
pate 12 JVNS 1974
Time.2:2S PM

Sauﬁp'le No. Fovk Sampling Location STACK NO. 2

Sampling Train <SO.3
Pump Temp. (°F) i B

f .

Sampling Rate, &/min (.0

Sampling Time (min)_____

Sampling Train

' % CO2 m H20 _ ' - Stack Temp. (°F) .
. %0, ' Vol. Sampled (%)

%2 CO % H,0
- Sample No.

Time (min) | Sampling Rate (2/min) | Temp. °F | AP | Dry Test Meter (A3)

0

- I - B BN EE IR En B S B B .

2125 PM_35

/.0 8 |25 139.26¢

220 M40

0.9 81 2.5. 134.4s

45
—0
35

&0

NoTE ©

Il T IR T I

| ¢5Prﬂ.e‘-ll~$¢| STol P eV FHCT&’{ “fo HIM-.Bgﬁu‘JE\
FIRST uPnGer (1Sofboft ) - BUBBUAG Teo

HhaGh.

WALDEN RESEARCH CORPGRATION |



: o Page_ ! _
I Test Site MALRUEHSAD ¢IME
" ) pate_J3 JUNE 979
Time 4125 AM |

I : Sample No. Fivwe Sampling Location \S T e NO . R
I' Sampling Train SO, ' |

: Pump Temp. (°F) i
I St
o Sampling Rate, 2/min_ I, 0 '
l ~ Sampling Time (min) 40 |
l‘ - Z co, me HZO : _ ' .~ Stack Temp. (°F) 280
l . %0, Vol. Sampled (2) '

% CO _ % HZO

l ) Sample No.
l : Sampling Train
. Time (min) Sempling Rate (zlmi.n) Temp. °F AP" | Dry Test Meter (A3)
. q:25 AM o |.O 72 2.5 _/-3‘/. B8A
" 9230 M_s | .o 73 RS 135.03
I 9:35 M 10 |.0 76 2.5 135.23

q 40 M 15 1.9 78 |25 135,44 .
' Gl"]SAM 20 - ’0 ' g0 2.8 128 .64 - —
i q:85° AM 25 1.9 83 12.S| 135.87S

C[:SSAM 30 : |. 0 &S |2.§ |36.09

| WALDEN RESEARCH CORPGRATICN |




- Page_ A __
Test Site MARBLEHEAD LJHE
Date 15 JWNE 479
Time  {0:00 AM -

Sample No.__- (IVE  sampling LocationSTACK NO. X
Sampling Train SO, S o ‘
Purp Temp. (°F) 1 8s . NOTE:  AGAN TEST™ CoacLLOSO
f_ - ' Pue 1o &ercessive
Samp'hng Rate, ¢/min_ ). O O ' BUBBLNG OF | SofLoPruec
~ Sampling Time (min) 40 - T IN lHlathGee ##* |
10, _ome HZO . stack Temp. (°F)_ 289
.3 0, Yol. Sampled (2) | | |

%z CO % 1,0

IIII§ B I R IR T IR R B .

! . .
- - ;i - : -Jj - i ’ ' b
[ _ .

Sample No.

Sampling Train

Time (min) Samp]ihg Rate (&/min) | Temp. °F | AP" | Dry Test Meter (A3)

810500 fi .3/ d.gs 88 2.5 136.29

(0:0S ¥ ?’5’ [.O0 88 2S5 136.5 1  ST®A.
AN 45

%o . ' -
. 2 - .

S

30

WALDEN RESEARCH CORPGRATION |




Page |

Test Site MALBLEHaAD> LIME
pate [D UNE 1974

Time (042 fwM

Sample No. SIX Sampling Location < TASK- N0, A
Sampling Train SO, : o _
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Point of Observation:

Distance to Base of Point of Discharge, fesat
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Background Description
[S

L4

Weather: Clear l: Overcast |_; Partly_‘c_loudy‘lj Other

Wind Direction Wind Velocity, mi/hs
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Plume Description: .-

l Detached: . Yes C -No l:
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i : _Color: BlackD White l: Other

>
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Background Description sKY

\'leatherf Clear E Overcast ':’ ‘Partly Clc-mc'!y @’ o (.3-thar

Wind Diréction sw . Wind Velocity, mi/hr _e= 1S

Plume Description:

D_etached: Yes '— | No l—

Color: BlackD White E Other BonE VIS¢BLE

Plume Dispersion Behavior: Looping D Coning Fanning D
| ~ Lofting E_-I Fumigating D See Comments D
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Distance to Base of Point of Discharge, feet ol 14 4

Height of Point of Discharge Above Ground Level, feet _ 39

Background Description __SKY

\'leather Clear D Overcast . P.arily Cloudy E Qther

Wind Direction Wind Velocity, mi/hr __2* I®

Plume Description:

Detached: Yes E NoD

Color; Black j Whi!er— Other __ NOWE wis5pL£

Plume Dispersion Behavior: Looping E Coning Fanning.
Lofting D Fumigating D See Comments D
Estimated Distance {feet) Plume Visibie (Maximum) (Minimum)
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STANDARD SAMPLING PROCEDURES
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A. PARTICULATE SAMPLING (EPA METHOD 5)

The selection of sampling sites and the number of traverse points
for particulate sampling was performed in accordance with EPA Method 1,
Federal Register, December 23, 1971. There are two 3" sampling ports on

each of the six stacks. They are located 90° apart, 2' from the outlet and
6' from the inlet. The stacks are 7'4" in diameter and therefore required
the maximum number of traverse points (48). Samples were taken at each of
the 48 points for five minutes per point or a total of 240 minutes (four
hours) for each run. '

Preliminary pitot traverses were performed on June 10, 1974, in
accordance with Method 2, Federal Register, December 23, 1971, to determine
the stack gas velocity. Measurements of the velocity head using a Type S
(Stauscheibe) pitot tube and inclined manometer and stack temperature using
a thermocouple were recorded and are presented in Appendix F. The stack gas
molecular weight was determined by three 4-hour integrated Orsat gas analyses
simultaneously with the particulate tests as indicated in Method 3, Federal
Register, December 23, 1971. The stack gas velocity and the volumetric flow
rates were calculated for each test in Walden's computer program and‘presentéd
jn the summary results. The equations used to calculate the stack gas velo-
city and the volumetric flow rate were Equations 2-2 and 2-3, respectively,
of the Federal Register, December 23, 1971.

Percent moisture in the gas stream was determined by a wet bulb -
dry bulb technique. A 3/4-inch standard pipe fitted with a standard "tee"
and a connection to a pump was inserted into the test port. A dry bulb
thermometer with rubber stopper and a wet bulb thermometer were placed in
the tee. The proper temperatures were obtained by regulating the rate of
flow at 1.5 cubic feet per minute to obtain a flow of at least six hundred
feet per minute in accordance with tables computed from U.S. Bureau of
Standards data. —

The particulate sampling train was a Joy Manufacturing Emission
Parameter Analyzer with a 13-foot stainless steel probe. A six-foot glass-
lined probe was not long enough to completely traverse the duct diameter,

[ ENS
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therefore, the EPA Project Officer granted approval for the ﬁsé of a
stainless steel probe. The control unit contained the temperature and
pressure instrumentation, vacuum source, temperature-compensated dry gas
meter, and interval timer. It should be noted that the computer data sheets
indicate the meter temperature to be 70°F due to temperature compensation
within the control unit. The design specifications of this particulate sam-
pling train comply with standards set forth in APTD-0581. EPA approval was
also granted for the use of stationary impingers connected to the traversing
probe and heater box through flexible Teflon tubing. The sampling train is
shown in Figure G-1. ' ‘

The variations from Method 5 as described in the Federal Register
were the addition of one hundred milliliters of water to the third impinger

- and the use of a stationary impinger box connected to the heated filter box
... through Teflon tubing. Normally, the third impinger is left empty, however,
- the ‘addition of water did not alter the sampling methods or results as the

water was eventually evaporated in a beaker for the determination of particu-
late matter in the residual water fraction.

Due to the low velocities (about 15 feet per second), inclined
manometers with a range of 0 - 0.25 inches H20 were used. Nomographs were
not used for the adjustment of the sampling rate, rather the equations that
serve as the basis for the nomograph were calculated. A direct reiationship
between the stack velocity head (4Pg) and the pressure differential across
the orifice meter (AH) was determined and used for sett1ng the 1sok1net1c
sampling rate. The relationship is as follows:

[(z .9) ;>0 ) (60) (v) (D)2 (1-B) (Tm)] 2

= AH
4(144) (15)"2 (0.c.F.)
where:
STD P.C.F. = Pitot correction factor (dimensionless)
D = Diameter of nozzle, inches
B = Percent moisture in gas stream
Tm = Meter temperature, °R *
Ts = Stack temperature, °R .
O.C.F. = Orifice correction factor
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Also, a meter rate formula was determined and used to maintain isokinetic
flow by checking the flow rate at 15-second intervals. We have found this
approach to be quite accurate as the two equations serve as a check for each
other. The meter rate formula is as fol1ows:

= Tm, Pb % Ps )
My -'(P.C.F.) x V. X 60 x T X Pp - P * An x (1 %HzO).

g.
where:
Mr = Volumetric flow rate, ft3/min.
P.C.F. = Pitot correction factor (dimensionless)
Vavg. = Average velocity, ft/sec
Tm = Meter temperature, °R
Ts = Siack temperature, °R
Pb -~ = Barometric pressure, in. Hg. ,
-Pg = Stack static pressure, in. Hg."
Pm = Vacuum at meter, in. Hg. '
An = Area of nozzle, ft2
%H20 = Percent moisture in gas stream

The stack gas molecular weight was determined by three 4-hour

integrated gas analyses collected simultaneously with the particulate tests.

.An Orsat was used to determine CO» and Fyrites were used to determine CO2
and 02. The Orsat scale is only capable of reading up to 21%. Since the
0, is read together with the C02, a reading above 21% (16.5% 02 and 7.0%
€02 = 23.5% total) was obtained and therefore, Fyrites were used.

Three and one-half-inch diameter glass fiber filters were des-
sicated for 48 hours and weighed to the nearest 0.5 milligram on a Satorius
Model 2742 analytical balance prior to the test period. Also, approxi-
mately two hundred grams of silica gel were weighed to the nearest gram .
and placed in storage bottles for use in the field. The sampling train
was prepared by placing a preweighed glass fiber filter into a pyrex glass
filter holder with a heating system capable of maintaining a minimum temp-
erature of 225°F. One hundred milliliters of distillate water was placed in
each of the first three impingers and preweighed silica gel was placed in

-

£illden
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portions of chloroform were individually added to a separatory funnel con-
taining the water washings from the impinger catch. The extraction was
completed with three 25 milliliter portions of ethyl ether and both the

ether and chloroform extracts combined in a tared beaker. The extracts were
evaporated at 70°F under a hood and then dried, dessicated, and weighed.

The back half acetone washings were treated in a similar manner as the front-
half acetone washings.

———

B. SULFUR DIOXIDE SAMPLING (EPA METHOD 6)

.”;'

Six sulfur dioxide tests were run at the outlet in accordanc'e
with Test Method 6 as described in the Federal Register, December_' 23, 1971.

I The sampling period was to be four hours, however, carry-over from the

) first impinger containing isopropanol occurred prior to the end of the

l test. To avoid carrying over the sulfuric acid fraction into the sulfur
- - - dioxide fraction, the tests were terminated at this point. The sampling

1 system consisted of a Walden-built control module containing the temperature
- and pressure instrumentation, vacuum source, dry gas meter, rotameter,

yil and drying tube, three midget impingers, one midget bubbler, a three-foot
i

heated glass-lined probe, and a pitot tube. The sampling point was chosen ,
as the average velocity point and proportional gas sampling was easily
maintained as only minor variations were noted in the stack gas velocity
during these runs. Leak checks were run prior to each repetition b_y plug-
l ging the probe inlet and pulling 10 inches Hg. vacuum. A leakage rate
less than one percent of the sampling rate was found for each run.-

The sampling reagents were prepared prior to the tests and added
to the sampling trains at the test site. Eighty percent isopropanol was
made up by mixing 160 milliliters of isopropanol to forty milliliters of
) deionized, distilled water. Three percent hydrogen peroxide was made up
1 by diluting two hundred milliliters of thirty percent hydrogen peroxide to
two liters with deionized distilled water. The hydrogen peroxide was pre-
pared fresh daily.
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Fifteen milliliters of eighty percent isopropanol was poured into
a midget bubbler and fifteen milliliters of three percent hydrogen peroxide
was poured into each of the first two midget impingers. The final midget
impinger was left empty. The sampling system was set up as shown in Figure
G-2. Quartz wool was packed into the probe end and crushed ice placed
around the impingers.

Sample collection was performed bj adjuéting the sample flow rate
proportional to the stack gas velocity. Since the sample is taken at a
single point, variations in velocity were minimal and the sample flow rate
was maintained at the original settfng of one liter per minute. Readings
were taken every five minutes during the tests. Upon completion of each
sample run, the train was purged for 15 minutes with charcoal filtered ambient
air. The. contents in the midget bubbler were discarded and the contents in the
midget impingers were stored in glass Wheaton bottles along with the distilled
water washings. ' et

The sulfur dioxide samp1és were_returnéd to the Walden labs for
analysis. The concentration of $S02 in the samples was determined by the
Barium-Thorin titration method described in the Fedéra] Register. The
procedure calls for the samples to be diluted to fifty milliliters with
deionized water. Since some sample volumes exceeded fifty milliliters,

.all samples were diluted to 100 milliliters and twenty milliliter -aliquots

were obtained and diluted with eighty milliliters of certified reagent grade
2-propanol. Four drops of thorin indicator were added and titrated with a
standardized barium perchlorate solution (0.0103N) to a pink end point.

Two titrations were perforhed per sample and an average value determined.

The reagents used in the S0, analysis are as follows:

(1) Barium perchlorate solution (0.0100N). Dissolve 1.9500 g
barium perchlorate [Ba (C104)2 + 3 H20] in 200 milliliter
deionized water and dilute to one liter with reagent grade
2-propanol.
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(2) Thorin indicator 1-(p-arsonophenyazo)2-napthol-3,6-disulfonic
acid. Dissolve 0.20 g disoldium salt in one hundred milliliter
distilled water.

C. NITROGEN OXIDES SAMPLING (EPA METHOD 7)

Twelve nitrogen oxides samples were collected at the outlet in
accordance with the Federal Register, December 23, 1971, Method 7, and a
modified draft procedure provided by the EPA. Four samples were obtained
on Jﬁne 10, 11, and 12 during the four hour particulate tests.

The sample collection flasks were two liter, Pyrex round bottom
flasks with short neck and 24/40 standard taper opening encased in a pro-
tective foam covering. The absorbing solution was made up by adding 2.8

milliliters of concentrated sulfuric acid to one liter of distilled water

with a graduated pipette. Twenty-five milliliters of absorbing solution

was added to each flask pr{or to sampling and then the flask valve stopper
inserted with the valve in the "purge”" position. The sampling system

was assembled as shown in Figure G-3 and the heated probe was located at the
average velocity point for that port being sampled. Al1 ground glass joints
were greased with a high vacuum, high temperature chlorofluorocarbon based
stopcock grease. The flask valve and pump valve were then turned to their
"evacuate" positions and evacuated with the pump on. Upon evacuating the
flask to three inches Hg absolute pressure, the pump valve waé turned to

the vent position and turned off. A leak check was made for the next minute
by checking for fluctuations in the mercury level in the manometer. The
flask volume, temperature, and barometric pressure were recorded and the
flask valve and pump valve turned to their “purge” positions. The probe

and tubing were purged with a squeeze bulb. The pump was then turned to
its "vent" position and the flask valve to its "evacuate” position and the
difference in mercury levels in the manometer recorded. The flask valve

was immediately turned to its "sample“,position and the gas was allowed to
enter the flask until pressures in the flask and samp]e-]ihes were equal.
Finally, the flask valve was turned to its "purge" position and the flask
shaken for five minutes.

£ilalden



|
.

i

e

1

l’-
I‘.

-- 7.-~ . PROPOSED RULE MAKING - L
"ﬁf . - .
7
1. FRId i B E N -
EEOURD-GLASS SOCET, ) ﬂAsL_14f H )
N . 5 NO. 1275 : :
' paskswan s, -
S-WAY STOPCOCK: -
THOPE. 3, PYPEX, .
2o BXEE, 8o 00 *
STANDAYD TAPER GROUND-GLASS
3 SLEEVE NO. 2440 SOCKET, 3 N0, 125
) . PR -
- ) £02I%5 FLASK «
- - . 2 LITI2, POLAD-30TTON, SHORT NECR,
- RITH § SLESVE NO. 2000

Figure G-3.

Nitrogen Oxides Sampling System

-
L4
-
-
- d—

£ifalden



A
i

b

: - " N [ o X i - -

Sl

'
.

The following day (approximate]y 24 hours) the contents of the
flasks were shaken for two minutes. The flask was then connected to a
mercury filled U-tube manometer, opening the valve from the flask and re-
cording the flask temperature, pressure and the barometric pressure. The
flask contents were transferred to glass Wheaton bottles for shipment to
the laboratory. The flasks were rinsed with two five milliliter portions

of deionized distilled water and the rinse water added to the storage bot-
tles.

The concentration of NOy samples were measured co]orimetricai]y
on a .Beckman Spectronic 20, using the phenoldisulfonic acid (PDS) procedure.
The procedure calls for a blank and a set of standards to be processed
with the samples. The results of the colorimetric analysis are then used
to calculate the sample concentrations. '

After shippihg; sodium hydroxide was added to the contents of the
samples and the blank until the PH was 9-12. Each sample was quantitatively
transferred to a two hundred and fifty milliliter evaporating dish, evapo-
rated to dryness on a steam bath, and cooled. Next, two milliliters of
Phenoldisulfonic acid were added such that it made contact with all of the
residue. One milliliter of deionized water was added and the samples were
heated on the steam bath for three minutes, with stirring and cooling.
Twenty milliliters of distilled water were added to the samples and concen-
trated ammonium hydroxide was added dropwise until a PH of 10 was reached,
as determined by pH paper. Each sample was then transferred quantitatively
to a one hundred milliliter volumetric flask and diluted to the mark with
deionized water. A set of standards and the blank was prepared by pipeting
0.0, 1.0, 2.0, 3.0 and 4.0 milliliters of the potassium nitrate working
solution into a two hundred and fifty milliliter evaporating dish. To .each
sample, ten milliliters of deionized water was added and then sodium hydroxide
(IN) was added dropwise until a PH of 9-12 was reached. They were then
diluted volumetrically to 100 milliliters and analyzed spectrophotometrically
at 410 nm using the blank as the zero reference.

/lz’:%,b’en;
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The reagents used in the analysis are as follows:

(1) Phenoldisulfonic acid. Dissolve 25 g of pure white phenol in
150 milliliters concentrated sulfuric acid on a steam bath.
Cool, add 75 milliliters fuming sulfuric acid and heat at
100°C for two hours. Store in dark stoppered bottle.

(2) Potassium nitrate standard solution. Stock soln. Dissolve
exactly 2.1980 g dry potassium nitrate (KNO3) in deionized
water and dilute to one liter. Working solution. Dilute 10
milliliters of stock solution to 100 milliliters with deionized
water. One milliliter of working solution is equivalent to
100 ng NO2. '

(3) Absorbing reagent. Add 2.8 milliliters concentrated H2504 to
one liter deionized water. Mix well and add 6 milliliters of
3% hydrogen peroxide.

(4) Sodium hydroxide (IN). Dissolve 40 g NaOH in deionized water
and dilute to one liter.

D. CARBON MONOXIDE SAMPLING (METHOD 10) o STt

CO0 was measured according to EPA Method 10 by Honeywell Corporate
Research using a Honeywell NDIR CO Analyzer. The bag samples represented
approximately 2-hour accumulations and were run on three consecutive days.

The instrumentation for the measurements at Marblehead Lime Company
was housed in a mobile van. The bag samples were collected through a probe
and condenser sampling from a port near the top of the stack (about 80' high).
A three-channel Honeywell NDIR Analyzer was used in this study. Although CO,
C02 and CHy channels were available, only the CO channel was monitored.

After analysis of the bag sample on the Honeywell NDIR Analyzer, the
CO concentration in the stack was determined from Equation 10-1 of the
Federal Register, Volume 39, No. 47, March 8, 1974, page 9320.

T l
— I

EPA Method 10 specifies that for both integrated (bag) and continuous
sampling, the sample must pass through a volume of silica gel and another of
ascarite immersed in an ice bath (to remove Hz0 and C02). Tests with the
Honeywell NDIR CO Analyzer have demonstrated rejection ratios greater than
10* for both Hy0 and CO3. ‘Therefore, passing the sample through silica gel

o ——
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and ascarite is unnecessary. In fact, passing the sample through the ascarite
caused considerable technical difficulty. After about an hour of sampling,
the ascarite formed a hard ball around the inlet tube to the ascarite con-

tainer, causing a severe flow festrictiqn.
"E. OPACITY READINGS (METHOD 9)

The relative opacity of each of the six stacks was determined in
accordance with Method 9 of the Federal Register,-December 23, 1971. The
opacity determinations were conducted for two hours on each stack during
the particulate tests. Two observers read each stack except Stack No. 5,

which was read by one observer.
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Date

6/11/74

6/12/74

- 6/13/74
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TABLE 2
NOy METHOD 7 RESULTS*

MARBLEHEAD LIME COQ.
GARY, IND.

$-74-000 715

- 716

77
718
749
750
751
752
77

. 172

773
774

pgms NO»

145.86

132.0

138.8
146.7

143.1
1431

118.1
107.4

279.1-

221.9
268.4
225.5

*Method description followed was a draft procedure from L. Xatzman
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* Average of duplicate determinations on the same sample

Sample

P
onal
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TABLE 4
SO, METHOD 6§ RESULTS

MARBLEHEAD LIME CO.
GARY, IND.

S-74-000-719
720
753
- 754

775

776

.

g - eg SOp*

. 0.379
0.212
0.390
0.327
0.375
0.226
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