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1.0 INTRODUCTION

York Research Corporation (YRC), at the request of the Emission
Measurement Branch of the U. S. Environmental Protection Agency
(EPA}, conducted stack testing at the Adelph Coors Company,
Golden, Colorado.

The purpose of the task was twofold. First, emission infor-
mation was desired on a baghouse control system for a low
sulfur coal boiler. Secondly, a comparison was desired be-
tween the proposed in-stack filter sampling, Method 17; and
the out-of-stack filter train, Method 5, upon which emission
regulations are currently based. The facility selected for
this testing is a coal fired boiler equipped with a baghouse
dust control system to remove the particulate from a corner
fired coal burning boiler.

Field testing was performed June 6, 7, and 8, 1977. The
project was coordinated through the following Coors personnel:
Mr. Mike Wallace, Environmental Engineer; Mr. Bob Lang,
Manager of Engineering; and Mr. Dennis Capps, Power Plant
Manager.

Mr. Dennis Holzschuh, Emission Measurement Branch (EMB},
coordinated and observed the field test program. Mr. Reid
Iverson, Industrial Studies Branch (ISB), and Ms. Carol Specht
(ISB) obtained boiler operating data during testing. Mr.
Roger Johnson (YRC) directed the sampling activities. The
following York personnel obtained the field data:

Mr. Paul Wade -- Test Engineer, Console Operator

Mr. Louls Clark -- Technical Assistant, Assistant to
Console Operator

Mr. Jim Olsen =-- Test Engineexr, Opacity Observer
Mr. Bill Cesearo -- Technical Assistant, Coal Sampling
1
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Samples were also obtained by Coors test personnel throughout
the sampling program. The Coors testing d4id not interfere in
any way with the purpose of this project. The Coors tests
were for compliance purposes of the Adolph Coors Company.

2.0 SUMMARY OF RESULTS

Table 2-1 summarizes the results of the particulate tests and
opacity observations. The "in-stack" refers to the in-stack
filter as per EPA Method 17. The "total" refers to in-stack
plus out-of-stack filter catch and probe wash. The out-of-
stack weight gain fluctuated from 2.1 to 20.3 milligrams.

The effect of this fluctuation on the resultant emission rate
was an increase of an average of 0.004 1lb/mBTU. This increase
ranged from 0.0007 to 0.0071 1lb/mBTU or 0.7 to 7.1 percent of
the new source performance standard of 0.1 lb/mBTU.

The emission rates were calculated by "F" factor computations.
The integrated Orsat train for test one developed a leak which
invalidated the oxygen value for test one. The average oxygen
content for tests two and three was used for this computation.

Opacity data was obtained by a certified opacity observer.
No visible emissions were recorded as "N", and less than 5%
opacity was recorded as zero. This data was averaged for
six minute intervals (24 observations), and the resulting
data sets were averaged and reported in Table 2-1. With
the exception of occassional readings of 10%, all readings
were zero (<45%) or N.

The particulate samples were analyzed by atomic absorption
spectrophotometry. Table 2-2 summarizes the percent by weight
of each of six elements and sulfates for the in-stack and out-
of-stack samples. For the elements analyzed, the composition

of the sample appears similar with the exception of magnesium,
sodium, and sulfates. The sodium fraction of the out-of-stack
sample is consistently larger, and the magnesium fracticon of

the in-stack sample is consistently larger. The percent sulfate
content of the out-of-stack sample was consistently larger than
the in-stack sample.

3.0 DESCRIPTION OF PROCESS

Process parameters were monitored by Mr. Reid Iverson and Ms.
Carol Specht of the Industrial Studies Branch. This data is
not included in this report. The process, in general, is a

- pulverized coal-fired boiler equipped with a fabric filter
-~ dust collector. Figure 3-1 schematically describes the pro-

cess. Coal is loaded into dual hoppers for subsequent
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pulverization and transportation to the burners. The boiler
is tangentially fired boiler with pulverized coal being fed
into each of four burners. The rated capacity of the boiler
is 250,000 pounds of steam per hour.

The tests were run during normal boiler operations. Soot

blowing was incorporated into the testing cycle during test
three. .

4.0 PROCEDURES

The methodology for this sampling program was designed to
meet the specifications in the task order.

4.1 Location of Sampling Ports

Particulate samples were extracted at the cutlet of

the fabric filter dust collector. The location of the
sampling ports along with the disturbances upstream

and downstream are described in Figure 4.1-1. The
sampling location is 4.6 diameters downstream from a

bend in the duct (dimension "A" in EPA Method 1)}, and

1.6 diameters upstream from a bend in the duct {(dimension
"B" in EPA Method 1).

4.2 Sampling Procedures
4.2.1 Particulate

The particulate emissions were measured according
to proposed EPA Reference Method 17 modified to
include an EPA Method 5 filter configuration as a
backup filter. 1In this method, a preliminary
velocity profile was conducted so that a sampling
nozzle of an appropriate diameter could be selected.
The sampling equipment was Research Appliance
Company's STAKSAMPLR as described schematically

in Figure 4.2.1-1.

The in-stack filter was a glass fiber filter
followed by a stainless steel probe and backed up
by a glass fiber filter in a heated sample box.

The gas sample was drawn in through the nozzle,
particulate was removed at the in-stack filter

with the gas stream then passing through the heated
sample probe to a heated filter box. The filter




Figure 4.1-1
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out of the stack was maintained at a temperature
of 3200F, +20°F, to remove any remaining particulate
matter from the gas sample. The gas then flowed
through an ice-cooled impinger train and silica
gel which guantitatively removed all water from
the gas stream. The gas then flowed through a
leakless pump, dry test meter, and calibrated
orifice. The dry test meter integrated the total
volume sampled while the orifice pressure differ-
ential was monitored and adjusted to maintain

isokinetic sampling.

At the conclusion of the test, the sampling train
was leak checked at the nozzle with a 15 inch
mercury vacuum. The probe and filter assembly

were carefully removed to
area. The weight gain in

the sample recovery
the first three impingers

was measured, and the contents of the impingers
discarded. The silica gel was weighed on a triple
beam balance with the weight gain recorded. The
filter was removed from the in-stack filter holder,
placed in a petri dish, sealed with plastic tape,
and labeled. All loose particulate matter and

acetone washings prior to
collected and placed in a

a Teflon liner in the cap.

was also removed from the
dish, sealed with plastic
probe brush and/or rubber
remove particulates which
the probe and glassware.

which was collected after

the in-stack filter were
glass sample bottle with
The out-of~stack filter
holder, placed in a petri
tape, and labeled. A
policeman was used to
adhered to the walls of
The particulate matter
the in-stack filter was

placed in a separate sample bottle, sealed with
plastic tape, labeled, and placed with the other

samples.

Samples were labeled with

York three part labels

as well as labels provided by the Emission Measure-

ment Branch of the EPA.

Coal samples were analyzed

and forwarded to the Emission Measurement Branch.
Particulate samples were analyzed gravimetrically,
then analyzed by AA spectrophotometry. The AA
procedure consumes the sample in the analysis.

4.2.2 Laboratory Analysis

In the laboratory the filter was transferred from
the sample container, desiccated and dried to a
constant weight. The acetone washings were trans-

ferred to a tared beaker,

evaporated to dryness




desiccated and dried to a constant weight. An
acetone blank, obtained from the wash containers
during sample recovery in the field, was analyzed
as the acetone wash samples.

After the gravimetric determination had been made,
the particulate matter was digested with hydro-
chloric acid and analyzed by atomic absorption
spectroscopy. The in-stack and out-of-stack
particulate samples plus a blank in~stack and out-
of-stack filter and an acetone blank were analyzed
for sodium, potassium, magnesium, iron, titanium,
and copper. Sulfates were determined colorimetrically.

4.2.3 Traversing

A preliminary traverse of the duct for velocity and
temperature was conducted before particulate sampling
began. Additional traverses of velocity and
temperature were conducted during the particulate
sampling as regquired by the EPA Reference Method 17.
Samples were extracted from four ports with eight
points per port for a total of 32 points. Sampling
time was four minutes per point for a total sample
time of 128 minutes. The Appendix contains the

field data.

4.2.4 Molecular Weight Determination

Stack gas samples were withdrawn through a stain-
less steel tube attached to the particulate sampling
probe, through a condensor, diaphragm pump, rotameter,
and into a tedlar bag. An integrated sample over
the entire test was collected by adjusting the
rotameter to extract a proportional volume of gas

at each point tested. At the conclusion of the
test, three Orsat determinations were run on each
bag to determine the carbon dioxide and oxygen
content of the gas stream. The gas analysis data
sheets are included in the Appendix.

4.2.5 Moisture

Moisture was measured during each of the particulate
runs according to the EPA Reference Method 17. The
preliminary moisture was estimated. The results of
each particulate run was used for subsegquent moisture
estimates.

10




4.2.6 QOpacity

Opacity was read according to EPA Reference Method 9.
Mr. James Qlsen read the opacity during each run.
Observations began at least one half hour prior to
the test and continued one half hour after each

test. Mr. Olsen was recertified on April 5, 1977,

by the Colorado Department of Health.

4.2.7 Coal Sampling

Pulverized coal samples were obtained ten minutes
before the start of the test run and at half hour
intervals until the test run was completed. The
individual samples were combined to obtain a
composite sample for thecoal burned during the
test. A coal sampling device provided by Coors
was used to collect the samples out of two ports
on each of four pulverized coal streams. An
ultimate analysis was conducted on the coal for
moisture, ash, sulfur, carbon, hydrogen, oxygen,
nitregen, and the gross heat value for each test
run. ASTM Method D3176-74 was used for the
ultimate analysis of the coal.

Calibration
4.3.1 Pitot Tube

The "S"-type pitot tube used for the test was
calibrated against a standard type pitot tube

in a wind tunnel prior to the test. The calibra-
tion data is included in the Appendix.

4.3.2 Particulate Sampling Equipment

The orifice and dry test meter were calibrated
prior to the field test with documentation available
at the time of testing. The dry test meter and
orifice calibration data are included in the
Appendix.

4,3.3 Temperature Sensor
The thermocouple used for measuring the stack
temperature was calibrated in boiling water and

in the ambient air against a ligquid thermometer.
The calibration data are included in the Appendix.

11




5.0 DISCUSSION OF RESULTS

Tables 5-1 and 5-2 summarize the results of in-stack particulate
tests in English and Metric units respectively. The "partial"
refers to in-stack filter only. "Total" refers to in-stack
filter plus acetone washes. Table 5-3 summarizes the out-of-
stack plus in-stack results. Table 5-4 summarizes the mass in
milligrams per sample of six elements and sulfates. Table 5-5
summarizes the ultimate analysis of the coal samples.

In general, testing went smoothly with the exception of a leak
in the integrated Orsat sample train during test one. The
cause of the leak was determined and repaired, and subseguent
runs proceeded without difficulty. The average of test two
and test three was used for computational purposes whenever
Orsat data was needed.

The temperature of the out-of-stack filter was maintained at
3200F, +20°F, for all tests. The temperature was monitored
at a temperature well in a 90° elbow immediately following
the filter holder.

Visually, the particulate samples appeared very similar.
Analytically, the results point out a tenfold increase of
weight on the out-of-stack filter from test one to test two.
The out~of-stack filter catch for test three is equal to the
average of the first two tests. There were no deviations from
standard sampling and sample recovery procedures to account for
this difference ¢of in-stack vs. out-of-stack particulate con-
centrations. Soot blowing occurred during test three for the
first hour of the test. Test three reflects an overall increase
of particulate sample weight of about 25%. The emission rate
for test three was still well below the new source performance
standard for particulate material.

The Appendix to this report contains the computational formulas
as well as the calculation forms for non-computerized calcula-
tions. Point isckinetics were computed and are included in

the Appendix of this report.

12
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TABLE 5-3

PARTICULATE RESULTS
OUT-OF-STACK PLUS IN-STACK

Test Number 1l
In-Stack Total Wt. 94.6

In-Stack + Out-of-
Stack Total Wt. 96.7

In-Stack + Out-of-Stack Results

English:
Grains/scfd 0.01931
Grains/acf 0.00918
lb/hour 14.21
1b/mBTU 0.0336
Metric:
mg/nm3 44.18
mg/am3 21.01
kilogram/hour 6.45
kilogram/106
calorie 0.0606

15

70.2

90.5

0.01774
0.00852
13.21

0.0316

40.60
19.51

5.99

0.0569

110.1

122.1

0.02470
0.01178
20.60

0.0428

56.51
26.95

8.04

0.0771

Avg.

91.63

103.1

0.0206
0.00983
16.01

0.0360

47.10
22.49

6.83

0.0649
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TEST
NO

TABLE 5-5

COAL ANALYSIS

COAL ANALYSIS, DRY BASIS

¢ ss
64.00 0.57
62.96 0.54
65.02 0.47

1.

1.

17

N

46

45

.45

%0

17.889

19.58

20.40

11.76

10.78

8.10

BTU/LEM

11,058

10,771

11,290
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PARTICULATE CALCULATIONS
DEFINITIONS OF TERMS

Volume gas meter, meter conditions, dry (Ft. 3)
Barometric pressure (IN.HG)

Average orifice pressure differential (IN.H,0)
Average meter temperature (Deg. F)

Volume of moisture collected (ML)

Velocity head (IN. H>0)

Stack Pressure (IN. HG)

Pitot tube coefficient from calibration of pitot tube
{Dimensionless)

Stack temperature (Deg. F)

Crossectional area of stack (FTZ)
Diameter of nozzle (Inches)

Time of test, (MIN)

wWweight of probe, cyclone and filters (MG)

Total weight (MG)
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PARTICULATE CALCULATIONS

The following are the basiec equations used in calculating
final data as found in the final suwmmary.

1.

Volume of dry gas sampled at standard conditions - 70°F,

29.92" Hg, ft.

. + A5
Vingtg = 177 * Vm[Pp f;‘ﬁ>-FT3

(T + 460)

Volume of water vapor at 70°F and 29.92" Hg, Ft.3

- = pp3
Vg, = 0-0474 x V, = FT

% Moisture in stack gas

100 x Vy,
@1 = 235 = %
Vmstd + VW

gas

Mole fraction of dry gas
Md=100—%’1
100

Average molecular weight of dry stack gas

_ (% CO, x_uu (%05 x_32 (O&N> x 28
M Wg To0 )t Too * 160’
Molecular weight of stack gas

MW=MUWg x Mg + 18 (1 - Mg)
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Stack velocity at stack conditions, fpm

Vg =5128.8xFg /APg x (Tg + 460) 1 Y2 tom
Pg x MW

10.

11.

12.

13.

Stack gas volume at standard conditions, SCIM

% = (T, + 560 | )

Percent isokinetic

1032 x (Tg + 460) x Vpgeg

= = 0
%1 Vs x © x Pg x Mg x (Dp)¢ %

Particulate - probe, cyclone and filter, gr/SCF

Can = 0.0154 x Mrf

— = /SCF
Vm sta &

Particulate total, gr/SCF

0.0154 x My

Cao Vo sta | E5CF

Particulate - probe, cyclone and filter, gr/CF at stack
conditions

7.7 x C Pe x M
Cat‘-'l X tan X 7s * 7d = or/CF
(T, + 460)

Particulate - total, gr/CF at stack conditions

17.7 x Cao x PS XMd
Cau = (T + 460)

= g /CF

i
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14.

15.

Particulate -~ probe, cyclone and filter, lb/hr.

Caw = 0.00857 x Cy, x Qg = 1lb/hr
Particulate - total, 1lb/hr.
Cax = 0.00857 x Cag X Qs = lb/hr



EMISSION RATE CALCULATIONS

Compute F, DSCF/100BTU; DSCM/l06Calories

10 3.64%H + 1.53%C + 0.57%S + 0.143N - 0.46%0

F . . =
(English units) GCV

- -4
Fimetric) = 1.123 x 10 “(Fgpnglish units)
g

where:

H, C, 8§, N, and O are content by weight of hydrogen,
carbon, sulfur, nitrogen, and oxygen; dry.

GCV is the gross caloric value (BTU/lb) on a dry basis.

Calculate emission rate, E

20.9
B = CF 20930,
where:
C = Pollutant concentration, 1b/ft3 or mg/m3
F = "F" factor computed in Step 1
O, = Percent oxygen by volume




COMPUTER PRINTQUTS

B.
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CLIENT : .
PLANT LBCATYGN CGGRS

.77 Y8R K RE

.":3’ s \“

UNIT TESTED: Bmu-:q 4 -~“=
‘DUCT NUMBER: BAGHOUSE. -'W
DUCT AREA:
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PRELIMINARY VELOCITY TRAVERSE
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OPERATORS Gt & Zrom U B SCHEMATIC OF TRAVERSE POINT LAYOUT
j J

/3¢ 5 7 (5:93_ Mo Toi )

TRAVERSE VELOCITY STACK (5! TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE - POINT HEAD TEMPERATURE
NUMBER | (apg), in.Hy0 (Ty), °F rsL NUMBER (Apg), inHg0 (T), °F

=
A £.33 | 339 33;{}}:’“; C 1 106.32 234
v lo.z2% 2335 0397334 1027 338
2 0.3 Y 3¢0 0.33/3 3 .27 P,
¢ 9.3 b 34 0.36/34sT 4 0.2 3¢5
S 0.37 D) 0.37/348 s 029 34s
2 .35 | 34T 10.35/35D L J¢.27 35—
3 3.9 S%c 0.39/3vg[ 7 8.19 3590
< a3 3ig |038/as 3 o3 350
B N3 T 53S 3{7/35g n ! Q.31 340
z 52U 340 lo3rfisl_x Jozl 34s
5 02§ 340 n3sf3asl 3 1027 349
w 0.2 340 0.26/3¢0 4 1030 345
< 070 34T 0 w/3¢0 s 0.3 BYS
L 0.2 3¥sT oS/l L |0 Yo 357
7 0.30 3¢5 bao/ses 7 0.3 350
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AVERAGE METER TEMPERATURE #@nﬂﬂu 20°F),°F Tnag, | | 3D
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo JO ‘70
BAROMETRIC PRESSURE AT METER, in. Hg Pb Pn | 24,85
STATIC PRESSURE IN STACK, in. Hg
(Pp+0.073 x STACK GAUGE PRESSURE in in. Hp0) Py 249
RATIO OF STATIC PRESSURE TO METER PRESSURE P 0. 998

°F T
AVERAGE STACK TEMPERATURE, Swg. | 34S
AVERAGE VELOCITY HEAD, in. H,0 g | O, 3
MAXIMUM VELOCITY HEAD, irl. HyO Apmar. |0
= 0.3

C FACTOR \LQ’] e |13
CALCULATED NOZZLE DIAMETER, in. 0. 3
ACTUAL NOZZLE DIANETER, in. n 200
REFERENCE ap, in. Hy0 0] 2_0]’5
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LAB RESULTS
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LABORATORY RESULTS

Project No. - 6479" 373

Client/Plant C¥ /A [ coonts

_Date Received

Date Reported

SPTR'C Tevbi® rocation  Ne. | Method | Results (units)

v 14011'\:“—1'4‘_\1.-.: owrede. ! - eok 17 72 -
14012 B o wn,;,‘___‘j_f__‘- erd7 | 22,3 mo
14013 DRI Swr At ‘/_ - |ePasT 2.0 0, ?i

14014nTitom Paowysal L - |cop s | 1.9 o
14015’\3LPM<&<4«1—‘59& ._E‘ /. emms/n 2.3 mci
14018”7' F.;_Te}u; our6<~f\' '77- S U VY m:/.,
Qe o > | o Y me
14018 mrer QAT s | E0p 5, Nf ..
14019’?ND W o @Q_,\\@»—»n 72— EfRF S 20,1 ™ v:
14021'“S R 1S :‘j__ 8- v 77, :\
141_022"““5’5«.?\:’2”’“‘% 137 legp v | 27,3 f**o//
TT4023F %, T 3. e o | oz g
1402470, O 3 |@n s | 9, 3 Lo

7

Quauty
CONTEOULLD

\LGAGHmnDD

Signatfff of Analyst
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Environmental Cansultants

July 11, 1977

Mr. Roger Johnson

York Research Corporation
7100 Broadway

Building 3A

Denver, Coloradec 80221

Re: Analyses results for 7-8479-33

Dear Roger:

On the attached sheets are copies of laboratory results for
samples received for YRC Job No. 7-8479-33., The raw data
sheets will be retained in our files for reference if you

have any questions.

As requested, the coal samples were forwarded to the speci-
fied EPA address.

Sincerely,

Gt Lo

Bob Kearton

York Research Corporation
One Research Drive, Stamford, Connecticut 0BS06 « Telephone: (203) 325-1371 - TWX: 710-474-3347
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I PROXIMATE AND ULTIMATE
: ANALYSIS ON SOLID FUEL

_l Job Number: 7_'_8(‘/77- 33

Date: 7/ 9:/ 77

Sample I.D.# ﬁzgzi /14003 1Jo0Y
Moisture - Surface
_I Moisture - Intrinsic
Moisture - Total /8,33 16,40 17, 5%
BTU/lb. (Dry) 1/, 05% | 10,77] 1] 290
T BTU/1lb. (as received) 7', o 3] ?}0 05 9,305
% Volatile Carbon (Dry) 37.40 q],5Y 49,90
1 % Volatile Carbon (as received) | 30,54 34,73 Hl,13
¢ Ash (Dry) 1. 76 lo. 7% g. /0
__I $ Ash (as received) ?.L0 7.0 1A%
% Fixed Carbon (Dry) 50.84 | Y268 | ¥2,00
+ $ Fixed Carbon (as received) y), 52 32,8, 34,42
% Sulfur (Dry) 0,57 0.5Y o. 47 |
_I $ Sulfur (as received) 0,47 0.45 2,39
% Nitrogen (Dry) /. Y6 ). 435 l.45
$ Nitrogen (as received) /.19 l. 2]} /.20
% Carbon (Dry) L, 00 bl LE5,0
% Carbon (as received) 52,17 S, b3 £53.59
% Hydrogen {(Drvy) Y, 32 §.469 q,54
$ Hydrogen (as received) 3.6 .03 3.87
% Oxygen (Dry)- !7,.89 1?. 5% 0. ’-/0
§ Oxygen (as received) /15,50 17, 2b !17.70

Comments:

Analyst: / Jé/a/&,

s
Approvedﬁn /()J ,<,
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DRY GAS METER CALIBRATION

DA’I;E: S—/¢-77 METER NUMBER éfﬁ '/‘0/
| rtles fox P 3
Flow Rate cFy T, CFp Ty Y
.10 CFM - | 2 \/po, &
.5 CFM 5 20,7
1.1 CFM 10 X

CF,, (Tp + 460)
CFp (Tw + 460)

" Tolerance Y = .99 - 1.01 Ideal 1.00

Drper

. // & ’,l././ 3
Rockwell Representative:_ /U~ s S (e A

/ /
Primary Standard: \LCV
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