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SUMMARY

The Office of Air Programs of the Environmental Protection Agency
contracted with Roy F. Weston, Inc. to conduct OAP particulate sampling
tests in the duct from the clinker cooler and in the kiln stack at the
Seattle, Washington plant of the Ideal Cement Company. Three sampling
runs were conducted at the clinker cooler duct and two simultaneous runs

were conducted at the kiln sfack.

The clinker cooler particulate emissions, which were controlled by a
baghouse dyst collector, were 42, 46, and 56 lbs/hr. The measured particu-
late concentrations were 0.0513, 0.0571, and 0.0698 gr/scf, respectively

(particulate emission catch of front half of train).

The kiln emissions, which were controlled by an electrostatic precipitator,
were 85.9 and 94.0 1bs/hr. The particulate concentrations were 0.0935 and

1064 gr/scf (particulate emission catch of front half of train).
The isokinetic sampling ratios were between 89.9 and 105.7 percent.

A summary of the particulate emissions data is presented in the follow-
ing Tables 1 and 2. The complete summary results of the test may be found

in Tables 3 and 4.
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TABLE 1
SUMMARY OF PARTICULATE DATA FOR CLINKER COOLER

Run number 1 2 3
Date 3-18-71 3-19-71 3-19-71
Percent Excess Air NA NA NA
Percent Isokinetic ' 105.7 105.3 101.9
Stack Flow Rate-SCFM' dry 95,699 94,971 94,100
Stack Flow Rate-ACFM wet 108,307 105,121 104,555
Volume of Dry Gas Sampled

SCF* 105.39 104.21 100.03
Feed Rate - tons/hr 103.4 102.8 104.9
Particulates

Probe, Cyclone, & Filter Catch

mg 351.0 386.0 453.3
gr/SCF* dry - 0.0513 0.0571 : 0.0698
gr/CF @Stack Conditions 0.0453 0.0516 0.0628
1bs/hr 42.0 46.4 56.3
1bs/ton feed 0.406 0.452 0.536

Total Catch

mg 374.3 400.6 462.7
gr/SCF* dry 0.0547 0.0592 0.0712
gr/CF @Stack Conditions 0.0483 0.0534 0.0641
Tbs/hr 44.8 48.2 57.4

1bs/ton feed 0.433 0.468 0.547

% Impinger Catch 6.22 3.49 - . 2.03

* 70%F, 29.92" Hg
NA--Not Applicable.
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TABLE 2

SUMMARY OF PARTICULATE DATA FOR KILN STACK

Run Number

Date

Percent Excess Air

Percent Isokinetic

Stack Flow Rate - SCFM ™ dry
Stack Flow Rate - ACFM wet
Volume of Dry Gas Sampled - SCF*
Feed Rate - tons/hr

Particulates

Probe, Cyclone, & Filter Catch

mg
*
gr/SCF dry
gr/CF @Stack Conditions
1bs/hr
1bs/ton feed

Total Catch
mg
*
gr/SCF dry
gr/CF @Stack Conditions
1bs/hr
1bs/ton feed

% Impinger Catch

* 70°F, 29.92" Hg

1
3-24-7
67.8
93.5
107,179
286,431
39.69
101.7

241
0.0935
0.0350
85.9
0.844

262
0.1016
0.0380
93.4
0.918
8.01

viii

2
3-24-71
67.8
89.9
103,085
288,505
36.68
101.7

253.5
0.1064
0.0380
94.0
0.924

281.8
0.1183
0.0422
104.4
1.027
10.04



INTRODUCTION

Under the Clean Air Act, as amended, the Environmental Protection
Agency is charged with the establishment of performance standards for
new installations or modifications of existing installations in stationary
source categories which may contribute significantly to air pollution. A
performance standard is a standard for emissions of air pollutants which
reflects the best emission reduction systems that have been adequately

demonstrated (taking into account economic considerations).

The development of realistic performance standards requires accurate
data on pollutant emiésions within the various source categories. In the
cement industry, eight plants exhibiting well controlied operation have
been selected for the emissions testing program. This report presents the
particulate emissions data for the Seattle, Washington plant of the Ideal

Cement Company.

Between March 15 and March 25, 1971, Roy F. Weston, Inc. conducted
particulate source sampling at the following locations within the plant:
1. Outlet duct from the clinker cooler baghouse collector.

2. Stack from the kiln electrostatic precipitator.

The clinker cooler performs the function described by its name; i.e.,
cools the clinker (the main constituent of cement) which is discharged from
the kiln. The kiln acts to calcine the raw materials (which are fed to the

kiln in the form of a slurry) in a wet process operation.

The following sections of this report include (1) a process description,
(2) a discussion of the testing procedure and results, (3) an abstract of

the report, (4) analytical procedures and results, and (5) sample calculations.



PROCESS DESCRIPTION

Clay, crushed Timestone and silica sand are brought to the plant by
barge from British Columbia and Post Ang]es; Washington. These materials:

are ground and blended in a rotating ball mill to a slurry.

The blended slurry is fed into the upper end of a sloping (3/8 inch
per foot), slowly revolving (one revolution per minute) kiln. This gas-
fired kiln is 500 ft. long, 15 1/2 ft. in diameter at the feed end and
tapered to 14 ft. at the discharge end with refractory lining encased in
a steel cylinder. Fuel consumption is aphroximate]y 1,240 cu. ft. of gas
per barrel of cement produced. During passage through the kiln, the raw
materials are heated to a temperature of about 2800°F to produce the element
hydraulic calcium silicates, known in the trade as "clinker ". This marble-
sized clinker material is then discharged from the lower end of the kiln at
temperatures exceeding 2000°F and fed immediately into air-quenching cooler
units which reduce the temperature of the material to about 150°F. From
these coolers, the newly-formed clinker material is conveyed to a storage

silo.

A small amount of gypsum (4.45% by weight) is added to the clinker
material and this mixture is fed into the finish grinding mill. The mixture
leaving the grinding mill is fed to an air separator or classifier where the
coarse material is returned to the mill and the finished cement (90% through
325 mesh screen) is pneumatically pumped to storage silos. Present plant

production is approximately 2,500,000 barrels of cement per year.

The control equipment of interest in this report consists of two Mikro-

Pulsaire baghouse collectors (parallel) on the clinker cooler and a Buell

electrostatic precipitator on the kiln (see Figures 1 and 2).
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The baghouse collectors consist primarily of a series of cylindrical
filter elements enclosed in a dust-tight housing. The felted filter media
is "Nomex" which is heat resistant for temperatures as high as 425°F and
is supported on a stainless steel wire frame. Dust laden air is admitted
to the housing and clean air withdrawn from inside the filter cylinders.
As dust particles accumulate oﬁ the filter elements, periodic cleaning is
accomplished by introduction of a momentary jet of high pressure air through
a venturi mounted above each filter cylinder. A continuous flow of air
through the'collector is maintained, since only a fraction of the total
filter area is cleaned at one time. The particulate matter falls during
the cleaning cycle to the hopper below where the material is removed by a

screw conveyor.

These Mikro-Pulsaire collectors are designed to operate with a pressure
drop of 7 in. of water and have 864 filter bags per unit that are 4 1/2 in.
in diameter x 8 ft. long. Each collector has six compartments and is 16 ft.
tall x 36 ft. long x 13 ft. wide with a 60° hopper below. Each collector is
designed for a performance of 99.99+ percent efficiency with a gas volume of

62,500 ACF at 350°F. The collection surface area is 8,040 square feet, which
gives an air to surface ratio of 7.79 CFM/ftZ. The approximate installed

cost of both baghouses was $425,000 in 1966. Annual bag usage is about 50 bags
($12.00 each) and labor and maintenance is approximately $600.00.

The electrostatic precipitator is of the horizontal flow type and consists
of two sections with three treatment stages in each section This unit is
designed for a performance of 99.83 percent efficiency with an inlet loading

of 12 gr/ACF at 700°F and an outlet loading of 0.02 gr/ACF and a gas volume



to the precipitatoﬁ of 400,000 ACFM containing 30-40 percent water. The
collection surface area is 151,200 square feet which gives an air-to-surface
ratio df 2.64 CFM/ftz. The Tinear gas velocity is 5.28 feet per second and

the residence time is 8.5 seconds. The particle drift velocity is 0.281 feet
per.second. There are 35 gas passages per section and each passage is 9 inches
wide, 24 feet high, and 45 feet long. The precipitator contains a total of
3,990 emitting electrodes constructed of stainless steel. The approximate

cost of installation in 1966 was $2,325,000.00 and the annual operating cost

is about $10,400.00.

DISCUSSIUN OF TESTING AND RESULTS

Schematic drawings of the sampling locations are shown in Appendix A. The
clinker cooler duct was not an ideal sampling location, however, it was the
only available location. A temperature-controlled damper was located approxi-
mately four feet in front of the sampling ducts. Immediately preceding the
damper was the fan. Three sampling runs of 144 minutes duration were conducted

in the duct from the clinker cooler baghouse.

Sampling was conducted at a total of 36 points--12 points at each of three
sampling ports. No sampling problems occurred. The isokinetic sampling rates

were 105.7, 105.3 and 101.9 percent for the three runs.

Sampling was conducted in the kiln stack 150 feet above grade. Two simul-
taneous particulate runs were conducted. Sampling was done at 12 points--three
points at'each of four ports located 90° apart. The sampling trains were operated

at ports 180° apart.

Tests at the kiln stack were begun on March 16 but discontinued due to

sampling equipment difficulties. OAP tybe unitized trains were obtained and



sampling at the kiln stack was begun again on March 23. Heavy rainfall made
sampling difficult. The sampling platform and equipment were electrified
and several members of the sampling crew received shocks. The electrical
shocks and the rain forced abortion of the sampling after five minutes of
the tests. With the concurrence of the OAP observer, the tests were con-

tinued on March 24 at the point where they had been discontinued.

Two simultaneous one-hour duration runs were completed between 11:30 a.m.
and 5:30 p.m. The sampling was extremely difficult to complete. The sampling
ports were below the stack platform top railing, and two ports were further
blocked by vertical members of the stack platform railing. The port locations
made necessary the use of two different lengths of probe to sample the three
points at each port. Operating two trains simultaneously caused further
problems due to coordination. Anything that delayed the sampling with one
train also delayed the other. The stack platform width was approximately
30 inches around the stack. The sampling equipment and the four sampling
platforms erected at ports cluttered the platform and made movement around
the stack difficult. Winds with velocities of 40 and 50 mph made it difficult

to retain heat in the sampling boxes.

When changing probes and moving the sampling boxes inside and outside the

railing and from port to port, the box temperatures decreased quickly. Fifteen

to twenty minutes were necessary to reheat the boxes after the sampling at
almost every point. After completion of the two simultaneous particulate

sampling runs, no further sampling was conducted at the kiln stack. For de-
tails of the sampling procedure see Appendix B. Data sheets and notes

recorded in the field are presented in Appendix C.
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The kiln stack emissions which were coﬁtro]led by an electrostatic
precipitator were 93.4 and 104.4 1bs/hr. The particulate concentrations
were 0.1016 and 0.1183 gr/scf. The isokinetic sampling rates were 93.5 and
89.9 percent.

A complete summary of all particulate testing data is presented in

Tables 3 and 4. According to the Federal Register, "Standards of Per-

formance for New Stationary Sources.“,l (December 23, 1971), the
stahdards for particulate emissions, in terms of 1lbs. per ton of feed to

the kiln, for cement plants are based upon measurement of the weight of
particulate matter collected in the probe, cyclone and filter section. At
the time of testing the Ideal, Seattle Plant (March 1971), these standards
had not been officially established. Thus, emissions data were obtained
measuring (a) the weight of particulates collected by the probe, cyclone

and filter alone and (b) measuring the total weight of particulates collected
(to include the impinger catch). These are reported for both schemes in
Tables 3 and 4. A sample calculation is presented in Appendix E in which

the data for run No. 1 of the clinker cooler are utilized.

Particulate samples were recovered from the sampling train and analyzed
for the elements Sb, As, Be, Cd, Cr, Cu, Fe, Pb, Mn, Ni, Sr, V, and Zn. Details
of the sample recovery procedure as well as the results of the subsequent

analyses are presented in Appendix D.

Nitrogen oxides and carbonlmonoxide grab sampling was to be conducted
simultaneously with the particulate sampling. During trial runs of NOx
sampling, a stream of water was pulled into the sample flask with the stack
gas stream. This and other eqdipment difficulties, together with a test

crew member's illness, made NOX and CO sémpling impossible.



Run No.

~Test Date

std
vw
Vw
. 'gas
i

% 1

TABLE 3

PARTICULATE EMISSIONS DATA FOR CLINKER COOLER

1
o 3-18-71
Sampling nozzle diameter, in. 0.189
Net time of test, min, - 144

Barometric pressure; in.
Hq absolute .

Average Orifice pressure 1.30
drop, in. HZO

Vo]uge of dry gas sampled, 103.81
ft” at meter conditions
Average gas meter temperature, °F 68.7
Volume of dry gas samnied at 105.39
standard conditions*, SCF '
Total H20 collected in impingers 12
and silica gel, ml
Volume of water vapor collected 0.57
at standard conditions*, SCF
% Moisture in the stack gas by 0.54
volunme .
Mole fraction of dry gas 0.99
0.03
20.95
<1
78.0
Excess Air Percent -
Molecular weight of stack gas, 29.0
dry basis
Molecular weight of stack gas, 28.9
wet basis :
Pitot tube coefficient | 0.85
Average velocity head of stack gas, 1.23
in. H20
Average stack temperature, °F L 141
Net sampling points - - ? . 36
Static pressure of stack gas in. Hg~ . 0.05
Stack gas pressure in. Hg absolute 30.28

Stack gas velocity at stack conditidns fpm 4012

" Stack area, in.2 . 3888
, Dry stacl 9as volumetric flow rate at 95,699
: .’.("..{.a,._v-'. SCF"
NEARIEIE s leie rie ey ol statk 103,307
condatwons, ACCH
Percent isokinetic 105.7
: ' 9

* 70°F, 29.92 in. Hg

30.23

2

319

0.189
144

29.88

1.29
104.06

69.8
104,21

10
0.47
0.45

0.99

0.03
20.95

<]

78.0
29.0

28.9

0.85
1.19

121
36

0.05
29.93
3894
3888

. 94,97

105,121
105.3

3
3-19-71
0.189
144
29,92

1.2

101,92

81.2
100.03

8
0.38
0.38

0.99

0.03
20.95

<]

78.0
29.0
28.9

0.85
1.7

124
36

0.05
29.97

3873

3888
94,100

104,555
101.9



» TABLE 3 (Concluded)
PARTICULATE EMISSIONS DATA FOR CLINKER COOLER

Run fo, | - . | 2 3

T Unit Feed Pate- 103.4 102.8 - 104.9

¢ Tons/hr , S

me Particulate - probe, cyclone . 351.0 386.6 453.3
and filter, mg _ .

my Particulate - total, mg _ 374.3 400.6 462.7

Ic % impinger catch I 6.22 3.49 2.03

Can Particulate - probe, cyclone, 0.0513 0.05N1 0.0698
and filter, gr/SCF*

Cao Particulate - total, gr/SCF* 0.0547 0.0592 0.0712

Cat Particulate - probe, cyclone, 0.0453 0.0516 - 0.0628

and filter, gr/cf at stack
conditions ‘

Cau Particulate - total, ar/cf at 0.0483 0.0534 0.0641
stack conditions .

C.. Particulate - probe, cyclone, 42.0 46.4 56.3

avl and filter, 1b/hr,

Cax Particulate - total, 1b/hr. 44.8 48.2 57.4

RtF rarcicuiace = brobe, Lyuiong, 0.406 0.0452 0.536
and filter, 1b/ton feed

Pet Particulate - total, 1b/ton feed 0,433 0.468 0.547

*70°F, 29.92 in. Hg, dry basis

10
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1%

Ygas

%M

%1

TABLEW

. PARTICULATE EMISSIONS DATA FOR KILN STACK |

~ Sampling nozzle diameter, in.

et time of tegt, min.

Barometric pressure, in,
Hg absolute

Average Orifice pressure
drop, in. H20

Vo1u§e of dry gas sampled,
ft” at meter conditions

Average gas meter temperature, °F

VYolume of dry gas samnled at
standard conditions*, SCF

Total H,0 collected in impingers
and sflica gel, ml

Volume of water vapnor collected
at standard conditions*, SCF

% Moisture in the stack qas by
volume

Mole fraction of dry gas

Excess Air Percent

Molecular weight of stack gas,
dry basis

Molecdlar weight of stack gas,
wet basis

Pitot tube coefficient

MAverage velocity head of stack gas,
in. ”20

~ Average stack temperaturc, °F

Net sampling points

Static pressure of stack gas in. Hg
Stack gas pressure in, Hg absolute
Stack azs velocity at stack conditions fpm
Stack arece, in.2

Dry stack gas volumetric flow rate at

) ‘o L rae . SCF"

o Cot e pate an o stack
conditions, ACFM

Percent isckinetic "

% 700F’ 29.92 in. Hq

]

3-28-71

0.5
60
29.79

1.23
38.80
57.0
39.69
347
16.45
29.3
0.71

17.0

8.0
<1

75.0
67.8
31.04

27.22

0.85
0.081

542
12

0.02
29,81
1382
29,850
107,179

286,431

93,5

2
3-24-71
0.5
;;60
129,79

- 1.72
35.39

50.9
36.68

356
16.87
3.5

0.68

17.0
8.0
<1
75.0
67.8
31.04

27.00

0.85
0.082

545
12

0.02
29.81
1392
29,850
103,085

288,505

89.9



| TABLE 4 (Concluded)
PARTICULATE EMISSIONS DATA FOR KILN STACK

Run to. L T 2
T. Unit Feed Rate- = ‘ | 10L.2 101.7
¢ Toris/hr . »
mf Particulate - nrobe, cyclone » 24 253.5
and filter, mg '
my Particulate - total, mg - 262 281.8
I % impinger catch 8.01 10.04
‘ 0.1064
C.. Particulate - probe, cvelone, 0.0935 .
an and filter, gr/SCF* '
20 Particulate - total, gr/SCF* 0.1016 0.1183
Cat Particulate - prohe, cyclone, 0.0350 0.0380
and filter, gr/cf at stack
conditions
Cau Particulate - total, ar/cf at 0.0380 0.0422
stack conditions
Co Particulate - probe, Tycisne, = 85,9 94.0
' and filter, 1b/hr,
ax Particulate - total, 1b/hr. ' 93.4 | 104.4
RtP Farvicdiawe = birobe, cycione, 0.844 0.924
and Tilter, 1b/ton feed '
Ptt Particulate - total, 1h/ton feed 0.918 1.027

*70°F, 29.92 in. Hg, dry basis

"ABSTRACT '

This source sampling report 1s one of nine §tudfes concerﬁing particulate
and gaseous emis¢ions from selected cement plant#fat varﬁcus:boattions. The
objectives of this study were to evaluate air potlutionccontrpl equipment per-
formance and efficiencies and to determine emiss{on constituents typical of the -
cement industry. Schematics of test locatfons, éie]d and pfocessed dafa. and

descriptions of sampling and laboratory analyticil procedures have been included

as part of the evaluation.
‘ 12



APPENDIX A
SCHEMATICS OF TEST LOCATIONS
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FIGURE A-1
IDEAL CEMENT COMPANY
SEATTLE, WASHINGTON
SCHEMATIC OF CLINKER COOLER EXHAUST DUCT
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FIGURE A-2
IDEAL CEMENT COMPANY
SEATTLE, WASHINGTON
SCHEMATIC OF KILN STACK CROSS-SECTION
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APPENDIX B
SAMPLING PROCEDURES

The particulate sampling train used by Roy F. Weston, Inc. fs shown
in Figure B-1. A glass or nonreactive metal probe with button hook nozzles
(whose size depended on the velocity of the gases) headed the train. The
equipment following thekprobe consisted of a glass cyélone and flask (for
certain runs a glass cyclone by-pass was used), a pre-weighed glass ffber
filter, and four Greenberg-Smith impingers. The impingers were placed in
an ice bath, while the preceding glass pieces were contatned in a hot box
mafintained at a temperature of 240°F. The first impinger was modified by break-
ing off the glass tip, the second was unmodified, and the third and fouvrth were
modified. The first two impingers each contained 100 m! of distilled water,
the third was empty, and the fourth contained a pre-weighed quantity of silica
gel. A leakless vacuum pump, a dry gas meter, and a calibrateq orifice measured
with an inclined manometer completed the train.

During samp11ng..gas stream velocities were measured by insertion of a
calibrated type "S* pitot tube into the stack beside the particulate sampling
probe. A type "K' thermocouple and a direct reading pyrometer measured gas
temperatures within the gas flow itself. Temperature measurements were made at
the heated cyclone, after the silica gel impinger, and at the inlet and'ouiiet
of the dry gas meter. Immediately after positioning on each traverse point,
readings were made and sampling were adjusted.

Each sampling location was dividéd into equal cross-sectional area. The
centroid of each area was chosen as a sampling point. The number of sampling
points was determined by the configuration of the sampling lacation (e.g.

circular, square, or rectangular) and 1ts distance from bends, constrictions,

16



fans, etc. In general, the closer a sampling location was to a bend con-
striction, fan, etc., the greater was the number of sampling points used.
After_the completion of sampling, the cleanup of the train proceeded as
follows: The filter was placed in a Petri dish. The probe, cyclone, flask,
and the front half of the filter holder were washed with acetone into a sam-
ple bottle, The volume of the first three impingers was measured, and these
impingers, the back half of the filter holder, and all connectors were washed
first with distilled water and then with acetone. The silica gel was weighed

to the nearest tenth of a gram.

17



8L

—_ 0 = o

FiGure Bl

EPA-OAP PARTICULATE TRAIN

il

PITOT TUBE
AND

MANOMETER

—PROBE
d HOT BUX7

,_CU

GLASS
FIBER
FILTER

CYCLONE

FLASK

P

THERMOCOUPLE

I

IMPINGERS IN 1CE BATH

VACUUM
PUMP

DRY TEST METER

&

ORIFICE
AND
MANOMETER




APPENDIX C
FIELD DATA AND NOTES

19



qxxx.“.xe’lxllllx

© 415 2 17 3331 5 T I7LI LS
)

=
¥ 127y eyt

1;4/1;_‘ /,J Y91 i

~ Iy PN

20

i

/18

- J’M& Mw
;3 by I«S
. 9 g 5" )
3 /5 /P S
4 2/ /. 43','
5.27 Hd 67
(33 7

= 7:?'/7 ’



PRELIMINARY FIELD DATA

Stack Geomet :
Phnt_(’lw_gzﬂéz&
Test No.
Locatfon (Ea. é= g%
Date 2/ -2

A, Dist. from inside of far “9 to outstde of
near wall, fn., = [ 7

B. Wall thickness, in., = 2 ”
Inside diamahen of stack = A-B 74

'

]
an @Wf “bate__ B¢ ~ >y
sompttng Voestton__ (sl oodl

STACK DATA FOR NOMOGRAPH:

Lmersi_ /4O twp

2. Avg, mater tempt (amdbient + 20° 7 O

c Stack fres -72 ﬁxﬁiﬂ»,?‘ 3. Hofsture (volume) é —é 1
omments : =
::;t’?:go:a;;ﬁ:gc;g::;section 4, Avg, static press.@ P) ZS in. uzox.on a4 4 0.5/ in, Hg.
Calculations:
T 5. Bar. press sampiing point 30, 23 tnMg &+ _pS  (static press in.Mq) =
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Z 7. 2% 1n. Hg.

6. Bar press of meter ZZ 2? in, Hg.
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IR 3 T O, /
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- PRESURVEY - PROCESS INDUSTRY & POMWER PLANTS

_NAhc OF COMPANY W W DATE OF PRESURVEY ___2 ~J)Fw>)

ADDRESS_ S &0 0 Zeid 2l _Je Uy STATE ZM%&
NAME OF CONTACT ﬁ_ﬁw Tf{E ﬂ’/a‘f ?7191, pHokE P B 7 8025

PROVIDE FLOW DIAGRAM OF EACH PROCESS TO BE SAMPLED, INCLUDING FEED COMPOSITIONS AND

RATES, OPERATING TEMPERATURES AND PRESSURES, PRODUCT RATES, AND FROPOSED SAMPLING SITES:

Groesne - oo W

fibn— e .
ﬂaﬁ M\J q’bﬂd/.)[a.regc_[ﬁr

of dach  [v00°F | 34740 [yo9e00

A N

Clidee ool | B0630713-8 /5900
|9 |25 .

— — 5 0 R 3g,4°°
il gppsn | BE27 | 3751 pes

| wTSW, ‘5200 éij.? 3 Jé M/ ,?BL/%
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PROVIDE DIAGRAM OF EACH SAMPLING SITE. INCLUDE THE FOLLOWING lNFORHATIO&:

DIMENSIONS TO NEAREST OBSTRUCTION IN ALL DIRECTIONS FROM SAMPLING
PORT. .

COMPLETE DESCRIPTION OF ALL PORTS INCLUDING ALL DIMENSIONS. DESCRIPTION

OF ANY UNUSUAL FEATURES ABOUT ENVIRONMENT; HEIGHT, ODORS, TOXIC CONDITIONS,
TEMPERATURE, DUST, ETC.

, L it — Srcelnd] .
Wwﬂﬂ,%ﬂ/
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OPERATING HOURS OF PLANT PERSONNEL 2 ‘/A / /a;) 7%«;% /M
2, -

OPERATING SCHEDULE FOR EACH PROCESS TO BE SAMPLED _Znw_

ARE PROCESSES BATCH OR CONTINUOUS? Ka—',,[u/m»L

LIST FEED RATES AND COMPOSITICN FOR EACH PROCESS

LIST ANY CONTROL EQUIPHENT, IHCLUDING SIZE %é»\ F S /m—f / Jﬂﬂfﬁkl)

- L4

 LIST CXPLCTED CONMETITUENTS OF STACK GAS FOR EACH SAMPLING SITE ZYL)

et gt vt e = -

STACK DATA: HEIGHT 2SO . WIDTH /92 /3 DIAMETER 1.0/72/3

____0.D. AMOUNT OF INSULATION WALL THICKrESS 24 "o
MATERIAL OF CONSTRUCTION M GAS TEMPERATURE @ Y06 ° 3
PRESSURE & — G um M4 O WET BULB TEMPERATURE <

AVERAGE PITOT TUBE READING

4
DISTANCE TO KEAREST UPSTREAN RESTRICTION /44 TYPE OF RESTRICTION
I4
DISTANCE TG NEAREST DOMASTREAHM RESTRICTION_/ /0 TYPE OF RESTRICTION M.A:Wu Aot
ARE PORTS EXISTING? /LF~VES, 1z B ¥ F”
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SCAFFOLDING OR OTHER MEANS OF SUPPORT PRESENT?

T e ‘
LZ_/_/NO WHO WILL PROVIDE IT? M

SOURCE OF ELECTRICITY AVAILABLE? /27/75 MAXIMUM AMPERAGE PER CIRCUIT '2 a

| {7 N
DISTANCE /S 2~ 203 WHO WILL PROVIDE EXTENSION CORDS? M\/ M

LOCATION OF FUSE BOX

PARKING FACILITIES AVAILABLE FOR TRAILER OR VAN? ot
SIGNATURE REQUIRED ON PASSES? /)"/f)— 7 WAIVERS?

NEARBY RESTAURANTS AND MOTELSM‘ — Lﬁ%@ L m«@ ) Mnm.jwz
Zln{;%/«,_cﬁw, Wo, ;206 7¢2 03037
A(ﬁgg»é Do Wz > 75%8

A
LIST ANY SPECIAL SAFETY EQUIPHENT OR RULES 7old/l// M

'SURVEY BY (f%
COMMENTS : '
Plark s, scslont conditiin fan oo

MM

/'”7
Na«t-% o plert s |
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APPENDIX D
LABORATORY PROCEDURES

The following is a detailed outline of the laboratory procedure used
in determining the weights of particulates and water collected in the various
segments of the EPA-OAP sampling train.
A1l glassware used for evaporation and residue determinations in the
following steps was prepared for use by the following procedure. The
beakers were first soaked in 40% nitric acid for several hours. They were
then washed and rinsed with distilled water followed by oven<drying. After
drying, the beakers here desiccated to constant weight and kept in a desiccator
until used. Beakers were weighed to + 0.1 mg.
A. Filter
1.) Preparation
The filters are oven-dried @ 105°C for a minimum of four
hours, and then desiccated to constant weight. Filters are
weighed to + 0.1 mg. After weighing, the filters are placed
fn plastic petri dishes until used.
2.) Particulate weight determination
Filter and any loose partficulate matter are.transferred to
a tared glass weighing dish, and desiccated to constant weight.
The weight gain is then recorded.
B. Acetone washings prior to filter
1.) The acetone washings are received in glass bottles and their
volume is measured, They are then transferred to the tared

beakers pfepared as described above.
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2.)

3.)

The acetone washings are allowed to evaporate to dryness
at ambient temperature and pressure. The beakers are covered
with ribbed cover glasses to facilitate evaporation without
allowing dust or other foreign matter into the beakers. When
dry, the beakers are desiccated to constant weight. Beakers
are weighed to nearest 0.1 mg.

A blank of the acetone (measured amount) is evaporated also
as described above. Any residue resulting from this blank is
used to correct for the amount of acetone used in the washings.

The net weight is the required particulate residue.

C. Impinger water plus water rinsings

1.)

2.)

The volume of impinger water has been measured in the field
and recorded. Final volumes of these samples are measured in
the laboratory in order to determine the volume of washings used
and to correct for this water using a blank (by.the same proce-
dure used in part B-3 above).

At this point an organic extraction of the impinger water is
in order. However, this step was omitted since no organic material

was considered present.

D. Acetone washings - back

1.)

The volume of acetone washings is first measured and then the
liquid is transferred to tared beakers (prepared as above) and
allowed to evaporate to dryness at ambient temperature and pres-
sure. Upon drying, the beakers are desiccated to constant weight,

A blank of the acetone used is also evaporated any corrections due
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to fhe acetone are made if necessary. Beakers are weighed to
nearest 0.1 mg.
E. Silica gel

1.) Preparation

The silica gel is placed in a wide mouth plastic bottle
and capped. The bottle plus silica gel is then weighed to the
nearest 0.1 gm,
2.) After sampling, the bottle plus used silica gel is weighed
to the nearest 0.1 gm and the weight of water collected is deter-
mined.

Results of the sample recovery procedure are presented in Table D-1 wherein
totai particulate weights are reported for each run. These values were obtained
by adding the weights of the probe, cyclone, filter and impinger catches.

An emission spectroscopy analysis was conducted on the particulate samples
collected. from each stack to determine the concentrations (ug/g) of the follow-
ing elements: Sb, As, Be, Cd, Cr, Cu, Fe, Pb, Mn, Ni, Sr, V, and Zn. The results
of these tests are presented in Table D - 2, In general, of the components
tested for, 1fon was present {n the highest pfobortion (reaching concentrations

as high as 3.3%), followed by zinc, strontium and lead.
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TABLE D - 1
RESULTS OF SAMPLE RECOVERY PROCEDURE

. Clinker Cooler Kiln Stack
Description of Sample Run 1 Run 2 Run 3 Run 1* Run 2
RFW # 1419 1423 1427 c——— 1430
1. Filter Filter # F56 F65 Fe7 cm—- cme-
Net wt, Im- 0.0077 0.0297 0.0197 0.159 0.1643
2. Probe, Flask RFW # 1417 1422 1426 —e—- 1429
Cyclone Acetone Beaker # N7 122 119 e 110
Front half Wash Net wt. gm 0,3433 .3569 0.4336 0.082 0.0892
Filter holder
Total ' 351.0 386.0 453.3 24 253.5
3. Impinger Hzo + HZO wash RFW # 1416 1420 1424 -=--= Note:Impinger
Imp, conn, Beaker # water lost in
back 1/2 filter holder transit.Value
assumed to be
that forRunf# 1
Net wt, éblank)
gms. 0.0153 0.0047 0.0031 0.021 0.021
L, Impingers, Connectors RFW # 1418 1421 1425 —e—- 1428
back 1/2 filter Acetone Beaker # 124 104 105 - c——- m
holder wash Net wt. gm. 0.0080 0.0093 0.0063 ———- 0.0073
Blanks "20 RFW # 1414 1415 m—-
Beaker # 121 120 -——-
Net wt.gm. 0.0024 0.0025 cem- 0.0023 -———-
Sample Volume 420 435 500
mi. .
Total Particulates, mg 374.3 400.6 462.7 262 281.8
(obtained by adding weights
l,2;§and

* See TABLE D - 1 (Continued)
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- Reply to

- Attnof: ETB, DAT

Subject:

To:

TABLE D - 1 (Continued)
ENVIRONMENTAL PROTECTION AGENCY

R ﬂf Date: Apr‘ﬂ 20, 1971

Particulate Analysis of Samples Collected at Ideal Cement, Seattle, Washington.

Gene Riley

Sample : “Particulate, Mg Location
Impinger water 21 Kiln stack
Probe, cyclone, flask | 82

& filter holder

Filter - | 159

Total - 262

Water blank (Seattle) 2.3 Mg/500 ml

Water blank (Tijeris) 2.1 Mg/500 ml

The sample results reflect correction for the blank. The above sample
was one of a pair of samples collected simultaneously by Roy Weston
Company. They are analyzing the companion sample for comparison with
the above results.

“Sevoacl Olaf

Howard L. Crist

Chemist

Emission Testing Branch
Division of Applied Technology
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TABLE D - 2
RESULTS OF EMISSION SPECTROSCOPY ANALYSIS

Samplie type Particulate Particulate
Sample location Clinker Cooler ' Kiln
and run No. ' Run # 1 Run # 1
Sample weight, mg 374.3 : 262.0
Volume of gas 105.39 39.69

sampled, scf

Concentration, ug/g

Sb 100 < N0
As < 192 < 276

Be 2 2

cd 40 170

Cr 850 100

Cu 500 200

Fe 33,000 15,000
Pb 300 4,000
Mn 400 200

Ni 500 200

Sr 2,000 < 276

v <4 60

In 4,000 8,000
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U MPENDIXE
SAMPLE CALCULATIONS.
Example: Run No. 1 on Clinker Cooker (for data, see Table 3, page ) f

1. Vo\ume'of dfy gas sampled at standard conditions: 70°F, 29.92 in. Hg, SCF

17.7 x 'vm (pb" .rFi"l(_) 17.7 % 103.81(30,23+1.30 )
= ' 3.6 . R g
vmstd ) (7, + 460) . (68. 744507 105.39 SCF

e

. 2. Volume of water vapor at 70°F and 29.92 in. Hg, SCF

v, =0.0874xV =0.0474 x 12 =0.57  SCF

gas
3. Percent roisture in stack gas
100 x V” . _
e azs _ 100 %0.57 _ 0.54
v +v.  105.39%0.57
"std qas

4, liole fraction of dry gas

100 130

5. Average molecular weight of dry stack cas

W o o 24 y 22, o x e ) o 281
I.Wd =\ :\,02 X TiTy ) + (0:. X jm, + [: (,‘JCO + /”2) )x"ro—o‘
28 )

LM 32 B}
(0.03 * ) * (20.95% o5 ) * ( 78 * yom ) " 29,0

€. !olecular veight of stack gas

MH = B, x Ty 418 (1 - 1) =290 x0.99 + 18 (1 - .99 ) =« 28.9

7. Stack gas velocity at stack conditions, fpm

- 1
Vv, = 8,360 %7 (T T ’—TZ"2°TWT"

5

1/2

-

8,360 x 27.{_.,.___.__1{_.,..,...,_ = 4012 fpm
‘130.28 © 28.9



10.

1.

12.

13.

14.

* J0°F, 29.92 in, Hg

SAMPLE CALCULATIONS, RUN 0. 1, CLINKER COOLER(Continued)

Stack gas volumetric flow rate at standard condifions*, SCFM ‘
0.123 x V' x A_ x My x P 0.123 x4012 x 3888 X0.99x30, 28 SCFY

ot T

S L0 O U ) 95,699

Stack gas volumetric flow rate at stack conditions, ACFM

o, = 08695 x 0o x (T + 460) . .05645 x95,699 x(141 + 467) 108,307 ACFH
d 30.28 * 0.99 -

Percent isokinetic

1,032 x (T_ + 460) x V -
ul = ; Mstd . 1,032 x (141 + 460) x105.39 _ y05,7%

Vo x Ty x P x My x (D) 4012 x 144x30,28x0,99x(0.189)°

Particulate: probe, cyclone and filter, gr/SCF* Dry Basis

a = (0.0154 x -WT-—— = 0.0%¢% 351 0“0 0513 ar/SCF
Mstd

varticulate tatal, rr/S(F* Nry Pagiq

C,p = 0.0154 x vr"*“ = 0.0158 x _378.3 4 0eayqr/SCF
Mstd 105.39

Particulate: probe, cyclone and filter. ar/CF at stack conditions
17.7 x €, x Po x My 17.7 x0.0513x30.28x0.99
= = 0.0453 gr/CF

Cat = (T, + 460) B 13T+ 4007

Particulate: total, gr/CF at stack conditions
17.7 x € x Po x My 17.7 x 0,0547 x 30.28 x 0.99

= =

Cau T 160) = =&+ %¢0) : ® 0.0483  gr/CF

Particulate: probe, cyclone, and filter, 1b/hr

Cow © 0.00857 x C_ . X QS 0.00857 x0.0513jx 95,699 =42,0 1b/hr

Particulate: total, 1b/hr ;
Cax © 0.00857 x C., x @ 0.00857 x0,0547 X 95,699 = 44,8 1b/hr

Particulate:,. prohe, cyclone, and filter, 1b/ton feed

.oooavw o 42,0
P “7;“". ToT 4" 0.406 1b/ton feed
Particu]at&: toeal, b/ ton
c 44.8 _ |
_T_ai. =103.8 = 0-433 1b/ton feed
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APPENDIX F
TEST LOG

Table F - 1 presents the actual time during which sampling was conducted.

Table F - 1
Sampling Log
(Clinker Cooler)

Run Date Sampling Port Began Ended Elapsed Time (min)
) 3-18-7 A 13:20 14:08 48
B 14:19 15:07 48
C 15:16 16:04 48
2 3-19-72 o 09:14 10:02 48
' B 10:10 10:58 48
A 11:14 12:02 48
3 3-19-71 A 14:22 15:10 48
B 15:16 16:04 48
C 16:13 17:01 48
(Kiln Stack)

1 3-23-71 E 10:25 10:30 5
1(cont.)3-24-71 E- 10:50 11:00 10
: N 12:30 12:40 10
N 12:50 12:55 5

W 14:00 14:05
W 14:15 14:25 10
S 16:00 16:10 10
S 16:20 16:25 5
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TABLE F - 1 (Continued)

"Run  Date - Sampling Port  Began  Ended  Elapsed Time (min)
2 3-23-71 W 10:25 10:30 5
2(cont. )3-24-71 W 10:50 11:00 10
S 12:30 12:40 10
S 12:50 12:55 5
E 14:00 14:05 5
E 14:15 14:25 10
N 16:00 16:10 10
N 16:20 . 16:25 5
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