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1.0 EXECUTIVE SUMMARY

Pollution Control Science performed particulate emission

' tests on the Ducon scrubber which controls particulate emissions

from dryer #1 at the Anheuser-Busch brewery in Columbus, Ohio. A

total of five tests were made on dryer $1 at two operating rates.

The emission tests scheduled for dryer #4 were cancelled because
of operating problems with the dryer.

The results of these tests are as follows:

-

_ PROCESS INLET" OUTLET
RUN # CONDITION (1b/hr) | (1b/hr)
1 MAXIMUM 29.2 22.3
2 MAXIMUM 23.1 - 16.1
3 | . NORMAL 14.3 3.1
4 MAXIMUM 22.2 18.8
5 NORMAL 10.6 2.6

1
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2.0 INTRODUCTION

Pollution Control Science,Inc. Wwas retained by
Anheuser-Busch to perform particulate emission tests on two grain
dryers at the Anheuser-Busch brewery in Columbus, Ohio. The
tests were conducted to determine compliance with OEPA
regulations restricting particulate emissions from stationary
sources. Particulate emission samples were taken at the inlet
and outlet of t_hé -Dugon scrubber which controls particulate
emissions from dryer #1. The dryer was operated at two
conditions during the test period. Three tes-ts were conducted
while the dryer was at its maximum rate of 28,000 1b/hr and two .=
tests were made while the dryer was running at its normal rate of
approximately 18,000 1b/hr. The test protocol also called for
three tests to be conducted on dryer #4, however operatlonal
Problems were encountered with the dryer and the tests were
cancelled until a later date. The sampling was conducted during
the week of October 31, 1983.

In addition to particulate emissions rates, measurements
were also made of stack gas fl-ow rate, temperaturé, moisture, and
dry molecular weigh_t. |

Mr. Don Defi;—:: and Mr. Gerald Moeslein of Anheuser-~-Busch
were in attendance "during the field sampling and pro-vided PCS
with process samples and process rate data. Representatives of
the OEPA were on site periodically to witness test procedures and

to verify process operations.

2 POLLUTION CONTROL SCIENCE, INC.




3.0 PROCESS DESCRIPTION

Anheuser-Busch operates four rotary grain dryers to dry
spent grain from the brewing process. Dryers #1, #2, and #3,
identical Heil units, are used as the primary dryers. Dryer #4
is an older Aeroglide model and is used as a standby unit only.
The dryers fire natural gas or fuel oil depending upon
availability and economic considerations. The primary fuel is
natural gas and the dryers were firing natural gas during the
test periods.

The rated capacity of each dryer is 28,000 lb/hr, however

during normal operations, Anheuser Busch restricts the process

“_i 1y
’ ) oy
Ay

rate to approximately 18,000 1b/hr to meet the terﬁperature
requirements of the Permit To Operate.

Process emissions from the dryers are initially exhausted
through a cyclone and heat recovery system. After emerging from
the cyclone, the gas from each dryer passes through individual
but identical I.D. fans and Ducon multivane, type L gas
scrubbers. |

The mist eliminator vane in the top of these scrubbers
d‘lrects entrained 11qu1d droplets against the sides of the
scrubber. The w::;r droplets with trapped partxculate matter
coa.l-esce on the walls of the scrubber and drain to the bottom of
the unit where the slurry is removed through the sludge outlet.
The action of the eliminator vane on the gas stream induces

cyclonic flow in the exhaust stack. Previous tests confirmed the

presence of cyclonic flow in the outlet stacks. The scrubber

POLLUTION CONTROL SCIENCE. INC.
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liquor flow rate during the test pPeriod ranged from 100 to 112
gallons per minute (gpm) at a pressure of 6-8 psig.

The inlet sampling site was located 8 feet 4 inches (2.3
diameters) upstream and 11 feet (3 diameters) downstream of the

nearest flow disturbance. The outlet sampling site was located

"17 feet 10 inches (3.2 diameters) upstream and 20 feet 5 inches

(3.7 diameters) dowhstream of the nearest flow disturbance.
Diagrams of the inlet and outlet sampling sites are included in

Figure 3.1 and 3.2.

4.0 SAMPLING AND ANALYTICAL PROCEDURES

The sampling and analytical procedures used in this test -

series conform to the i:equirements of USEPA Reference Methods

published in the Federal Reqgister, 40 CFR 60, and subsequent

revisions.
The following procedures were used:

a. Measurement Sites
Location of measurement sites and the number of traverse
points were determined as specified in USEPA Reference
Method 1, "Sample and Velocity Traverses for Stationary
Sources," -

b. Flow Rate and Temperature
Stack gas flow rate and temperature were determined using
USEPA Reference Method 2, "Determination of Stack Gas
Velocity and Volumetric Flow Rate (Type S Pitot Tube)."
Velocities were measured with type 'S' pitot tubes and
temperatures were measured with. thermocouples. '

c. Dry Molecular Weight :
Dry Molecular Weight was determined using USEPA Reference
Method 3, "Gas Analysis for Carbon Dioxide, Oxygen, Excess
Air, and Dry Molecular Weight. Several grab samples were
collected during each test and analyzed directly with Fyrite
combustion gas analyzers.

POLLUTION CONTROL SCIENCE. INC.
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d. Moisture
Moisture content was determined using USEPA Reference Method
4, "Determination of Moisture Content in Stack Gases."

e. Partic:late
Particulate emissions were determined using USEPA Reference
Method 5, "Determination of Particulate Emissions From
Stationary Sources." The probe and filter temperature were
maintained at 248° + 25 .

The "alignment approach" was used to compensate for cyclonic
flow in the outlet stack. This method was published in a paper by

the Texas Air Control Board which appeared in Compliance Testing

Quality Assurance Procedures Workshop, Selected Papers on

Particulate Sampling In Cyclonic Flow," USEPA, JULY, 1980. A
copy of this paper has been included in Appendix C.

' The alignment approach requires rotation of the sampling ST
nozzle and pitot tube into the angle of flow and weighting the
sampling time by the cosine of the flow angle at each traverse
point. The angle of flow is established by inserting the pitot
tube into the stack at each traverse point and rotating it until
the null position (zero manometer deflection) is obtained. The
pitot tube is then rotated 90° and the velocity pressure is
measured. The angle between this position and the ;normal“ pitot
tube alignment is the angle of flow. .This angie is measured with
a degree. Lndlcq_\;‘;_‘g level and recorded during the preliminary

velocity traverse. (A copy of the preliminary travermals
included in Appendix A). Isokinetic sampling is performed by
rotating the nozzle and pitot tube into the flow angle and

sampling in a normal manner for the calculated sampling time.

POLLUTION CONTROL SCIENCE, INC.




5.0 TEST RESULTS

The process weight rates presented in Table 5.1 were
determined by Mr. DeHart. The conveyor which carries product to
the dryers was opened for about 20 seconds allowing the grain to
drop out onto the floor. The product was recovered and weighed
to the nearest pound. Two measurements were made before and
after each test and the results were averaged to arrive at an
average process rate expressed as pounds per hour. (Only the
‘Pre-test weights were made during the fourth test because of
operating problems with the dryer at the conclusion of the test).
Samples of the grain at the inlet and outlet of the dryer and .--
also samples of the wet grain were taken and analyzed for %
solids (by weight). The results of these analyses appear in
Append.ix D. It should be noted that no concentrate was added
during the test period. |
| The flow rates and other stack gas conditions measured at
the #1 scrubber sampling sites are summarized in Table 5.2 and
Table 5.3. The flow rate measured at the outlet site was
consistently greater than the flow rate at the inlet sampling
s.ite.. _- Air flow measurements taken in cyclonic flow conditions
may not be as Etate as flow measurements uﬁder laminar flow
conditions ,.and in this case the inlet air flow data may be more
representative of the actual conditions .in the scrubber. Some of
this increased air flow could have entered the scrubber through
the adjustment damper located downstream of the inlet sampling

site. However, considering that the damper has weighted louvers

and has an area of about one square foot when fully open, it is

8 POLLUTION CONTROL SCIENCE. INC.
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difficult to invision the large measured air flow discrepency
entering the scrubber through this damper.

The flow rate at the scrubber inlet averaged 33,383 acfm
(16,083 dscfm) at 219°F and 36.2% water vapor at the maximum
process rate. The outlet data at the maximum rate showed an
average flow rate of 34,617 acfm (19,920 dscfm) at 160°F and
32.5% moisture. The discrepency between air flow measurements at
the normal operating rate was even greater. At the lower process
rate, the average measured air flow at the inlet was 32,443 acfm
(20,938 dscfm) at 211°F and 16.1 % moisture. The outlet flow
rate was 39,597 acfm (28,384 dscfm) at 133°F and,i7.8% -moisture;

The emission rate data at the maximum process rate is 7

Wi \

presented in Table 5.4 and the data from the normal rate is
summarized in Table 5.5. While operating at the maximum raﬁe,
the average particulate concentration at the inlet was 2.56 E-05
lb/dscf or a mass emission rate of 25.0 lb/hr. The particulate
concentration at the outlet under these conditions was 1.59 E~05
15/dscf or a mass rate of 19.1 lb/hr. These data represent an
average removal rate of 24%.

The emission rates that were measured while operating at the
normal process rate of 18,000 lb/hr show dramatic increases in

A

the efficiency of the scrubber. At the lower rate, the inlet

concentration of particulate matter averaged 9.93 E-06 lb/dscf or
a mass rate of 12.5 1lb/hr. The average concentration at the
outlet was 1.68 E-06 lb/dscf or 2.9 1b/hr. Based on these data
the scrubber removes 76.8% of the particulate. However, if the

mass emission rate at the outlet is calculated on the basis of

12 POLLUTION CONTROL SCIENCE, INC.

S




"3NI "JINIIIS TOYLINDI NOILNTITOd

e 14y/q1 ‘®@3e1 UOTSSTWS pajloIjuocsun = puv

IU/qr ‘S3eI UOTSSTWD BTQEMOTI® = ¥ 3I8uym ‘N 0Z°0 = ¥ :23ex UOTISSTwWsS pajloijuooun uo @mmmmn

1y/L ‘3ubrom

ssedoxd = 4 pue 1y/q] ‘S3EI UOTSSTWD = §J alaym .hw.o?: 0Ty = a4 :3ybtrom ssasooad uo paseq,,
0T 6T S0-3 65" T ZTITT°0 001’82 FOVIIAY

vy s €2 8°81 S0-3 8S°T SOTI"0 020‘LZ y-0-1
9 ¥ 8° vz 0y 91 S0-3 BE°'T 6960°0 08z'62 Z-0-1
6°S 0° b2 s REAS S0-3 08°T Z9Z1°0 00082 1-0-1
ITTLIN0
0°S2 S0-3 95°Z Z6LT 0 001’82 AOVHEAY
- _— zee S0-3 Z£°Z €29T1°0 020°L2 p-1-T
- —— 1°¢2 S0-4 Lp°Z 0ELT 0 082’62 Z-I-1
-—- -—-- Lib =%z S0-3 68°Z z20Z°0 000’82 1-1-1
y LJATNT

4
(Iu/qr) (14/971) (14/qT1) (30sp/qT) (30sp/ab) u‘ (IY/971) INNY
LYY NOISSIWE HTEYMOTTY LYY NOILYNINIONOD IHOI M LIS
NOISSIWA SSTI0A4
SSYW '

dLYY ONILVYAd0 WOWIXYW IV SNOISSIWA ALYINDILYVd J0 XNYWWOS P°S a1qeg

™M
—




R

e

‘AN | 'IINIIIS 10 LNOD NOILNTT0d

Iy/q1 ‘93ex UOTISSTUWS peiToIjUOCOUn = I pue 1y/qT ‘e3ex
uoTSSTWS STqeMOTTe = ¥ SI3Uym ‘n pz°0 = ¥ 931 UOTSSTUW? pe1Iox3uodun uo pased q

ay/l ‘Iubtem ssaooad = 4
pue I1y/ql ‘©3eI UOISSTWS = § SI3YA .hw.o?mu oIt = T :3ybrom ss@001d uo pSSEE
6°¢ 90-d 89°T 8IT0" 0 SvL’ST IOVHIAY
172 £°91 9°2 90-3 16" 1 90100 0€9’ST G-0-1
6°C ¥°91 1°¢ 90-3 G8° 1 0ET0°0 098‘ST €-0-T1
A IATLOO
s Z1 90-3 €6°6 $690°0 syL’ST FOVMIAY
--- -——-- 9°0T 90-9 SE€°8 ¥8S0°0 0€9'ST 6-I-1
--- -—-- I A 50-3 ST°T 9080°0 098‘ST €-I-1
4 T3INT
o tIW/Aan) (Iy/at)  (3IU/9T) (30osP/9T) (3osp/ab) (Iy/qT1) #NNY
219y NOISSIWA HTGYMOTIV qLVH NOILVHINIONOD LHDIAM JLIS

NOISSIWH $s300¥d
SSYW

JIYY ONIIVHEAO TYWHON IV¥ SNOISSIWA FLVINOILUVL JO KMYWWNS 6°6 FTEVL

14




tﬁe inlet flow data then the average mass rate is 2.1 lb/hr or a
scrubber efficiency of 83.2% which meets the compliance
restrictions of OEPA.

The balance of this report contains the field data sheets,
the laboratory data, calculations, process rate data, calibration

data, and a copy of the cyclonic flow sampling procdures.
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) P cS /Cl" NOMOGRAPH DATA

client _(Andueipon. Buach  en_ 35 -0 10

Plant source K | il

City CMUA/ Run No.
Operator Fm
Barometric Pressure, in. Hg P, 29.33
Stack Static Pressure, in. l-l20 Pg -Q0,17
Calibrated Pressure Differential '

Across Orifice, in. H20 . AHe X3
Average Meter Temperature (Ambient

+ 20°F), °F T_ avg 90

Percent Moisture in Gas Stream

by Volume By ‘JO
. Meter Pressure, in. Hg '
R (P, + 0.073 x AH) P 29.70
b e m
Absolute Stack Pressure, in. Hg _
(P, + 0.073 P_) P A4
9 s
Ratio of Absolute Stack Pressure to P
Meter Pressure s/Py 0.99
Average Stack Temperature, °F Tg ars
: avg.
Average Velocity Head, in. H20 | Apavg 0.67
:\v-\ ) . . _
h_il Maximum Velqcitm. in. H20 © BP x !
K L]
S C Factor : Qe
L ' .
Calculated Nozzle Diameter, in. Q.275
Actual Nozzle Diameter, in. O.}JD
Reference ap, in. H,0 _ o Q. H6

Pollution Control Science, Inc.
8015 Menning Road, Mismisburg, Ohlo 46342
(513) 866-5000/ TLX 2098-48
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ,rQ - , Sample Date /("/" ?3
City _ColumpBug OHIg Run No. _ /= T~~ / |
Sample Recovery Person O THomas Recovery Date /{~/—-¥3
Filter(s) No. S00s 8@_{ -,

) MOISTURE

Impinger Number

1 2 3 4 5 | Total
Weight, gm S
Final 775. 0| %33, 6 [5/7.3 [£97.5
Initial S%Y. 6 S33.6 94Sy%./ 0. 9
Net 190.4 | 2900 | 59.2 2.6 $61.2-] -

Color of Silica Gel (OHWSE€n — P ' o
Description of Particulate on Filter _ DAek Brows

RECOVERED SAMPLE

Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse ) _ Liquid Level
Container No. Marked

_ Acetone Blank o ) ' Liquid Level
Container No. S Marked

Samples Stored and Locked

Remarks

Date of Laboratory Custody

Remarks

6/80 | POLLUTION CONTROL SCIENCE, INC.




"ONI'I3NAIIS T0HINDID NOILNITOd

.

Z9 | 5L | €5 hT] — Lit] 210357 | 057 X2'0 1081597 03¢ SR
L7 1 £L ¥G | CRZ | — 75 AET o777 Q077 §€ 0 \hELL S Kik<41 EER
75 T I T AS 1T LA — (ot E[ £ ¢ 007 (007 | S0 BLE TR _SFL0 ] 00t T
(L] A5 Tgsrx - LT T°Z] 027 | 027/ ' <7 7
{9 9oL | 95 | 292 — ocel L2 527 | &27 g 58 97
25 1 9L ] Lo | 09| — | % TZ| OF7 [ Oh7 Iz 3
T 5T @ﬂl _ = lerrl oFlos/TosT ooz T3
79 &L $9 | OSY _ < W ! W% i S %_w A L
i zC ST | ANT - IaX>24 _ 57 T
| A% /L 5/ A& -_ I L7 3A % | Sh'Z ST7 5
A9 | LD /9 kX<l — erl FJL | SCZ | 5C% o'qf I
[ $2 [ F7| ¢5 [ AFE ] — ITc | P 3¢ | 59¢ A ¥
| ¢ 7 &5 m AY = ITC | (7| 35 | 352 73 T
ST | ©5 hé = S6l | LFl SCE ] ST 37 -1
0§ YL WO | poarra| sqord | woeas | Bu, | Temjov | pextssq = 2
roraw| TeaeW dug . e i |
dung OCH MY O"HudV | _oq cron| " 2 "SUTH “ON
1, ‘sainjeradusy : SOTITIO IS | FesH £ WW:M A wTL wTy, IUTOd
*ssa1d ~33Td A3TOOT3A Tces ¥00TD [bBuricureg | 9SI9ArI]L,
sen A1g IR |
TTANO0OWNERL YIONTINT ——— SIINNTW _S'C AMIAT YIvd QUOOEM
TIANODOWITAL NANO | <~ J0 | I
FTIANCOOWITHL MNIS <00¢ (S)daENIN YALTIA
BH, 0F @ WD /000 3Ivd WYAT ISAL-1S0d o~ (L0 — (50 'BUNSSMd OLIVIS
B, 0°'S7 9 WD /00'¢ A VAT ISAI-Td mé. 95 b DNSSd ORALINONYE
@L\.Vl_q av ‘am 07°p ¥OILOYd D . a, ¢9) DANINIIINAL INITENY
\ Ar00°] X L't *Hy waIaw R =i JOLVYAdO
F8 0 d5 5 -on FEAL IOLId _ 2-1 -/  IEHnN NH
| —uts JIFAON XOd HALIAN 55 9h s 9D _ S UAT - . LIV FIXL TIdWYS
/ ]
T MIDAN XO8 TIIHYS ¢s) \\wd\ £y 2y K oV EEhod - I9ra
@4 % 'TENISION TINSSY _ . T OV 2d9¢99NyIs NOLIVOOT ONTIdWYS
5, VAN SNOISNEWIQ YOVWIS OO0¢’g "a'I TIZZON _ _ 0/0°58 Na  £8-E-f! AR
QY YIYhd | 5 3dAL ONY HISNTT F60dd : # OSNY -~ AIShI K (VY INVId

p , YI¥ad dTdI1d hr..m_mm& NOISSIWA : p




"IN(°3INIIIS TOHLINOI NOILNIT0d

L0t ey sy Logk "D a5 IS0 AN X0
“Tlm , : ]
J sC 23 | OS¢ -~ |, 0tt hCT | pUT ILACD |, TUTER [N g'0% | el
. \ 1

—~C | /3 | 57 [¢0¢& = |[Per| 3% |0¢'F o228 090 |[L3C L 50/ | 009 | </
7L L | £9 = 2K .mw_M ON’E [ Op72 TI70 ST )

JC | LC 77 [ 158 | -— T 'S | OPF [ OF &2 X770 o0 035 oF
L 1L 1T 55 T 95T - LZT 2T [0 &E | o F XL ¢ <ES )

/C Tl 95" | €97 — S| 19 9 .wqdwl.lxm&..mlﬁ . o5 | X

/L | SL AS IinT — LEY | T 51 05°F os'e Hh70 10SL EL e Sih L
O | gf | €T | J2¢ — T A°A| Co® co'e TSV 9Ly SLELiVieor & O3h ]
LT 1 6L 09 | Lhr — OTE | ¢ O0F | 00& TS0 TodT" AL . < 2h z

L2l (O QS | QST - IR Tz | (757} OL'| (X} N Q'0Ah 2

5 JA €S [ 95T — Ttz | '~ 0L°] 0577 o<’'0 S7TE - J
ng uy Ino . OSE

o390 1 dup { TS3TTI| Bqoagd | ¥oeds | 6H, | Teraoy | pexrsag

umnoe z .
5 ONm :mﬂ_ O z..% 1 Wa » o aH—.H qN -mﬁH._.uz "ON
a, saanjeaadugg, 2OTITIO I533xy | . PESH £ .u \MEM & T, T, Jutod .
*Ssaxd "J3Td Ato0oT9A mMmHu \QM MOOTD burtdueg | @sI9neIy,
hnlh © ~¢ aovd E4[2i T aiva T 0/03F (U Nd T z_T<T wdEwWnn No¥ SLY ﬁ-l INVId -

|‘|‘g




PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

m
Plant /4'-/3 Sample Date [~ &3
City ColumpBus Run No. J I sty
Sample Recovery Person T:hq | Recovery Date_j|- (-3
Filter(s) No. So003 Bax D
MOISTURE

Impinger Number

1 2 3 4 5 Total

Weight, gm.

Final 793 s2e8 | §268 (Y68 & | (05 F

nitial>¢> ' == | 55¢.3 [459.5 | 653.3

Net 2l 270.5 :7:_3 1.9 5109 o
Color of Silica Gel A/ Qand .
Description of Particulate on Filter Jvuyu; 'jilqujﬂ

(\ 0

RECOVERED SAMPLE

Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse Liquid Level
Container No. Marked
Acetone Blank ‘5_ Liquid Level
Container No. Marked

Samples Stored and Locked

Remarks

Date of Laboratory Custody

(\ | Remarks

6/80 POLLUTION CONTROL SCIENCE, INC,
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant AG : - Sample Date /(~2-87]
city __(olumbue, o4 Run No. 4-T-3
Sample Recovery Person [f7] Recovery Date //-7-83"
Filter(s) No. S00/( Box. I
MOISTURE
Impinger Number
1 2 3 4 5 Total
Weight, gm _ : : ‘
Final 96,0 5138 | 4707 | 233
Initial G573, | 554, 3 Hod § o84 &
Net ‘ /ZZ,Z- /7-; I«? f{( /ch/ .
Color of Silica Gel ’[& EXPIRED

Description of Particulate on Filter

RECOVERED SAMPLE

Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse Liquid Level
Container No. Marked
Acetone Blank - Liquid Level
‘Container No. Marked

Samples Stored and Locked

Remarks

Date of Laboratory Custody

Remarks

6/80 _ POLLUTION CONTROL SCIENCE, INC,




F}

NOMOGRAPH DATA

- pes/qir

client _A & | PN

§S.010

Plant Cola i La; Source SceuBperR. Ud. | IULET

City C;)[um b s . J I Run No. | - T-4
Operator Fotesdows
Barometric Pressure, in. Hg Py _27.25
Stack Static Pressure, in,. H,0 Pg -0.1)
Calibrated Pressure Differential
Across Orifice, in. H,0 & Hg 2 277
Average Meter Temperature (Ambient o
+ 20°F), °F ' T, 3V9 75
Percent Moisture in Gas Stream 3,
by Volume : Byo &
Meter Pressure, in., Hg
(P, + 0.073 x AHg) P 29-4C
_ - m
Absolute Stack Pressure, in. Hg .
(P t 0.073 P_) . p 29.(9
g 8 _
Ratio of Absolute Stack Pressure to P .
Meter Pressure S/Pm Oﬁ iz"
Average Stack Temperature, °F Ty L20
avg.
Average Velocity Head, in. H,0 Apavg. 7
Maximum Velocity~tiead, in. H,0 AP x.
C Factor 0.63
Calculated Nozzle Diameter, in.
Actual Nozzle Diameter, in. .39
d:-43

Reference Ap, in. H,0

Pollution Control Science, Inc.
8018 Manning Rosd, Miamisburg, Ohlo 45342
(813) 886-6808/ TLX 288-348
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

e
plant __ fuheqser Busch __ Sample Date __ /-3~ 3
City Colee MlsblSI, aH Run No. [ - T - L]‘
Sample Recovery Person 'Fi’M | Recovery Date_()-3-§3
Filter(s) No. SO(L3 /30/(_ e K’iq/LET)
MOISTURE ) .

Impinger Number

1 2 3 4 5 Total
Weight, gm :
Final 77T, 7H2.3f3 4[8’4‘? }70}5;'7
Initial 509y | 514.Y 40,1 | (§56.7
Net 2017 .8 | 245.9 (1,2 22,0 Y579

Color of Silica Gel '/z EX Pl 2 =D -
Description of Particulate on Filter

RECOVERED SAMPLE

Filter Container No. ’ Sealed

Description of Particulate on Filter

Acetone Rinse ' Liquid Level
Container No.’ Marked
Acetone Blank Liquid Level

Container No. o Marked

Samples Stored and Locked

Remarks

Date of Laboratory Custody

h - Remarks

POLLUTION CONTROL SCTENCE, INC.




NOMOGRAPH DATA

m

_ pcs/air

Client ﬂﬂ/‘?n(_lf‘[ﬂ' /31.()6—[ PN X:\:, of0
Plant Source _# i W
City C’:/uw[;u.x_ Run No. (- T-5
Operator .y vk eey)
Barometric Pressure, in. Hg Py 2% 39
Stack Static Pressure, in. H,0 Py —0. D)
Calibrated Pressure Differential

Across Orifice, in. H,0 A Hg 2:27
Averagé Meter Temperature (Ambient _

+ 20°F), °F__ ‘ T, avg 25
Percent Moisture in Gas Stream

by Volume B 16 .

AR A S
Ab?g;uieofgggkpzﬁ'essure, in. Hg : Ps _ Qﬁ-,‘z_‘-(
Ra;igegfpﬁgzglllg:e St‘ack Pregsute to | Ps/Pm Oqu
Average Stack Temperature, °F . T, 220
avg.

Average Velocity Head, in. H,0 AP vq. 07
Maximum Velocity.iead, in. H,0 .Apmax.
C Factor | ' ' [ 02
Calculated Nozzle Diaﬁeter, in.
Actual Nozzle Diameter, in. 0.2417
Reference ap, in. H,0 ‘ 4.6

)

Pollution Control Science, Inc.
8015 Manning Rosd, Mismisburg, Ohio 45342
{513) 868-5508/ TLX 788-348
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ,44//(69( SCF - 5!4&(;[: Jve Sample Date /(-3 —~ 3
City Cih o boucs ). Run No. [=F- 5
Sample Recovery Person . {:hﬂ Recovery Date //-3~43
Filter(s) No. . So /(Y Rax 1[“),_&7.
MOISTURE
Impinger Number
| 1 2 3 4 5 . Total
Weight, gm . o
Final 2082 |56/.0 | 4é4Y | 702, 6
Initial 36,0 2/ | S¥3,/ | <4519 | 683%.0 |
LK (22,21 1§.9 25 | 136 (57T | .
Color of Silica Gel 'fe EX P/ RED ‘ |
Description of Particulate on Filter TA?) ~ S0mGS AMA1E
FRAGCMENTS '

RECOVERED SAMPLE

Filter Container No. . Sealed

Description of Particulate on Filter

- Acetone Rinse Ligquid Level
Container No. Marked
Acetone Blank - _ Liquid Level
Container No. Marked

‘Sampleé Stored and Locked

Remarks

Date of Labaratory Custody

Remarks

6/80 POLLUTION CONTROL SCIENCE, INC.
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fﬂ\ )

9

pes/Qir 00 e

client _ (Inhovnen. Prneh PN 35 -010

Plant ' Source _ H [ GuiZ_.l;
City C{SeJ.Um,Q!‘-Ul | Run No. -0 -1

Operator CT

Barometric Pressure, in. Hg Py 3%5}
Stack Static Pressure, in. H,0 Pg ~ .59
Calibrated Pfessure Differential _

Across Orifice, in. H,0 AHe 1,7
Average Meter Temperature (Ambient

+ 20°F), °F _ T, avg 90
Percent Moisture in Gas Stream

by Volume ‘Bwo A9 °20

Meter Pressure, in. Hg ) '
(P, + 0.073 x AHg) | Py RN

Absolute Stack Pressure, in. Hg

(P, & 0.073 ) P, 29.%49
Ratio of Absolute Stack Pressure to P
Meter Pressure s/Pm Q.99
Average Stack Temperature, °F T, 160
: avg.
Avérage-Veloclty Head, in. H,0 _ Apavg. ) Q.7
Maximum Velocity*“W&¥a, in. H,0 - .Apmax. 3.9
C Factor | Q.6
Calculated Noz_zle Diameter, in. ‘ gl
Actual Nozzle Diameter, in. ' 9-30‘1
- Reference ap, in. H,0 | | 040

Pollution Control Science, Inc.
8015 Manning Road, Mismisburyg, Qhio 45342
{513) 808-5508/ TLX 288-348
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ﬁ’-/j Sample Date (/~/— ¥3
City Coluomgos , O D Run No. /[~ 0O~/
Sample Recovery Person Recovery Date 02//325
Filter(s) No. So/77 Roy 3
MOISTURE
Impinger Number
1 ' 2 3 4 5 Total

Final N9/.61¥3Y.17 |Sl6. s Y20
Initial 5739 159.9 1946.9 | &enny /
Net 218.2 | 2428 [ 6.6 9.6 | sso.ﬁﬁé
Color of Silica Gel _()SepD : -
Description of Particulate on Filter Dark Briwa

RECOVERED SAMPLE
Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse Liquid Level

Container No. Marked (e
Acetone Blank Wl Liquid Level
Container No. ' Marked
Samples Stored and Locked
il
Remarks
Date of Laboratory Custody
Remarks 7 22/ 3
6/80

POLLUTION CONTROL SCIENCE, INC.




R :

pcs/ir

Client Gmm - Bupch PN 5 -0

Plant Source ) OQUTLET

City M OH Run No. [ -0 -2

Operator Olaxa
( 8

Barometric Preséure, in. Hg- Py 29.29
Stack Static Pressure, in. H,0 Pg -0.33%
Calibrated Pfessure Differential

"Across Orifice, in, H, ‘ AH@ 1.2
Average Meter Temperature (Ambient :

+ 20°F), °F T, avg 35 .
Percent Moisture in Gas Stream . ¥ :

by Volume B 52 %e '

WO ==

Meter Pressure, in. Hg ' '

(P, + 0.073 x AHy) P 29, %

, m

Absolute Stack Pressure, in. Hg

(P, % 0.073 P_) P 29.a7

g . s A

Ratio of Absolute Stack Pressure to P :

Mete_r Pressure S/Pm O‘qor
Average Stack Temperature, °F T, 160

_ avg.
Average Velocity Head, in. H,0 Apavg 3. 65 .
Maximum Veloci§™Wwam, in. H,0 ‘Apmax a.2¢
C Factor Q.56
-l .

Calculated Nozzle Diameter, in. _ Q.27
Actual Nozzle Diameter, in. 3.302
Reference aAp, in. H,0 Or’“‘LL

2

Pollution Control Science, Inc.
8015 Manning Road, Miamisburg, Ohlo 45342
[513) 666-5008/ TLX 208-348
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant H -3 Sample Date //-—Z-r_‘/357
Ci L Z (—o -

ity Colummn I3US,, OH/IO Rup No. {(— 0O -
Sample Recovery Person };/V) _ Recovery Date /[-2-83
Filter(s) No. Soo0 ¢ Box 3

MOISTURE

Impinger Number

Date of Laboratory Custody

1 2 ' 3 . 4 5 Total
Weight, gm . (496.0)]
Final ¥33 & | 79¢.7 |¥60,> |(F 6 F-
Initial SEL? | S2.¢ [448 .4 |66S5.€
Net - 272.0 | Q1A | 1,9 26,7 51%%?
Color of Silica Gel 7A¥_4¥nnt '
Description of Particulate on Filter SLAacH

RECOVERED SAMPLE

Filter Container NoO. Sealed

Description of Particulate on Filter

Acetone Rinse a Liquid Level
Container No. Marked

~ Acetone Blank W Liquid Level
Container No. : Marked

Samples Stored and Logégd

Remarks

Remarks

el ",/ wfpy 2

- 6/80

POLLUTION CONTROL SCIENCE, INC.
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant A S Sample Date  /)-21-f 3

City Cobuwnpus Run No. /-0 "'3

Sample Recovery Person 'F%ﬂ | Recovery Date //[LLKS

Filter(s) No. 5003 Ed)@_’:‘)
MOISTURE '

Impinger Number

1 2 3 4 5 Total

Weight, gm

Final 710 |550, & | 42,8 | 720,0
Initial s, 5582 | 60,3 | 704, 2

et /699 | 23,6 75 | Il ¥ zoa&g%
Color of Silica Gel ’/_3 EXPIRED |
Description of Particulate on Filter BROMN — YL pusT

RECOVERED SAMPLE

Filter Container No. Sealed

Desctiption of Particulate on Filter

Acetone Rinse Liquid Level
Container No. . Marked
Acetone Blank. W=~ Liquid Level
Container No. . Marked

Samples Stored and ng&ed

Remarks

Date of Laboratory Custody

Remarks

Clisskel]_uferfi> 20

6780 | POLLUTION CONTROL SCIENCE, INC.
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant (Imhovson  Euoch Sample Date /¢ /3/21
9 I
City Ca‘fwméwsfdbﬁ Run No. /-0 -¢Y

Sample Recovery Person

F. mwdcum-«', C . JSowg Recovery bate [[/3/83

A2

Filter(s) No.

MOISTURE

Impinger Number

1 2 3 4 5 Total
Weight, gm
Final 720.9 | 77¢.9 | 4571 | %79
Initial S4. Y 1580.7 444.3 63!.6
Net 219.5 | 196.2 EX /8.3 $06.8 k.-

_ 482.5 : -
Color of Silica Gel 3/% Qﬂhﬁtﬂ _ , ’

Description of Particulate on Filter

RECOVERED SAMPLE

Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse
Container No.

Liquid Level
Marked

Acetone Blank
Container No.

Liquid Level

=< Marked

Samples Stored and Locked
-

Remarks

Date of Laboratory Custody

Remarks

6/80 POLLUTION CONTROL SCIENCE, INC.
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

A5

Plant Sample Date 1//5/9'}
I— [4

city Clpmlsuss Run No. [-0-5
Sample Recovery Pexrson (Z.CAgnaaf Recovery Date'{ﬁﬁszéb
Filter(s) No. v SOLS

MOISTURE

Impinger Number
1 2 3 4 5 Total

Weight, gm (1935)
Final 736.4 | 6064 | 447.7 | 68/
Initial Skl | SEP. 7 | H446.2 | 651.0
Net 4.3 (7.7 1.5 17, ¢ 210.6 |
Color of Silica Gel Va, Lpemt .

Description of Particulate on Filter

e

RECOVERED SAMPLE

Filter Container No. Sealed

Description of Particulate on Filter

Acetone Rinse

Liquid Level
Container No.

Marked

Acetone Blank
Container No.

Liquid Level

namiii Marked

Samples Stored and Locked

il

Remarks

Date of Laboratory Custody

Remarks

I Sy

POLLUTION CONTROL SCIENCE, INC.







APPENDIX B g
Laboratory Data : E -

POLLUTION CONTROL SCIENCE, INC.



Frrvml VAL NTEDUVULIED
' POLLUTION CONTROL SCIENCE, INC,

Date Received: /—/r/-/r/X} LAB Chargeable Time To:

Sample No.: Purchase Order No./Invoice No.:

client: (e, - -Bupeh pate Report Mailed:

Page__[ of .5
# 37435 R & [-T-
T M # 5005 ) £92 . 6 me
. /e
Q-OLGSY'LD- Sl L
| |a1use Rure #  (-0O-1
I jj_ﬁal-_iz(_, P o 50’7 D HV&'.S’Q«; .
2745 1 R, & I-T-2
Jalh & 5003 ) Y42 /s

37YgE Lo & i-0-2.

JJCM# .5004 7 3/'1'6_/’1(%
d,coiwu_ ,Q;EQIJ:E&.M

.

l 314549 7€Lm_:¢:t |- I-3

' j—LQz_t_-M_«#: S5 0qQ) /3?.5’_“;_
GCQ/LBY\__Q., -&&mﬁzﬂ;.ﬂp’ Nl

« Copy of Analytical Results Sheet To: :
Requested Analytical Results COMPLETION Date By

AETTI————— e e S I e [ ek g o mm——w - ke —




* POLLUTION CONTROL SCIENCE, INC.

Date Received:

LAB Chargcable Time To:

Sample No.: Purchase Order No./Invoice No.:

Client: OMJQU_.AQSL- “ﬁlwfj\-— Date Report Mailed:

| Page_ 2 ofL
37490 Run . 1-0-3
| T # so0a 237 o
Qeobeve. uman J | o
3749/ Run 3 &= | /-7
| :YULQ/LL/L #= 50/3 7 -?57-01715

=

l 27Uq A /au/n_‘tf: ["O'L/ :

T 0l 3 SOl -) .,3.5.5.7',“0?
Acolrne, Jrae '

27493 P ¢t  I-T-5

gd”]n H 55"!’. . /f/.?mdc\

| |12292f  Rum e  1-G-5

| | :—(L.LQJ:LL o \50"5 4.3 25,
Qecdora. Jumpg j

Copy of Analytical Results Sheet To:
Requested Analytical Results COMPLETION Date By

e —————— -




e T I I B N Y G B S NI N W R )

- POLLUTION CON_T_[LO_I__ SCIENCE, INC.

Data Raocelved: LAB Chargnable Time To:
Sa-mpla No.: Purchase Order No./Invoice No.:
Client: Date Report Mailed:
Pege_2>_ of >
37995 _ _
aCQL&Vw_. ‘/Q:‘QCL/Y\JO’L O.000 7 ﬁ?%%
3749,
v AB# |/ 3 937 °lo__s0cibs
I”" 32497 AB # 2
| ,\ 7527 254 _ a/o S0
HMoyag A8 # 3 | S
! 242 2 E )
| {37497 AL # 4
332 7%
21500 AB # S
243 76
37004 pb_ 4 ¢ [
323-7 7p
37500, A6 w7
3é&2 70
27503 [/ s 2 -
25.9 76 -
| {32209 A # 9
23.4 %0
. 31505 NB__# i0
33.572 '
I 37506 AL # I %. 45

Copy of Analytical Results Sheet To:
Requested Analytical Results COMPLETION Date By

— - — e i cm ot m——— —— e n — -




R 2 Y N B WG R B |

. POLLUTION CONTROL SCIENCE, INC

Dite Received: LAB Chargrable Time To:
Sample No.: Purchase Order No./Invoice No.:
Client: Date Report Mailed:
Pege_{  of S
137507 AB # 2
6 Sote 22,2 0/'0
37508 AB # 13
Y2-2 2
37509 | AL # 1Y
| 75.¢ %
3750 AB H 15
| 22.3 2% _ -
375 AD  w /6 | o~
397 % |
237512 AD H 17
549/ %
37513 AB  + Iy
' 28 %
132514 AB__# 19
‘ 235./%
37515 - AB  # 20
5770
3756 Ap 7 Ll
2595
27517 B # 25
32/ 2%
37518 A8 # 46
| 96.5 7o

Copy of Analytical Results Sheet To:
Requested Analytical Results COMPLETION Date By

m s m ot e s  aas e e ————————
E——————— .




e N T B i PR T i T |

'PALLUTION CONTHO_L SCIENCE, INC,

Date Racelved: LAB Chargeable Time To:
Samplae No.: : Purchase Order No./Invoice No.:
Clignt: - Date Report Mailed:
' Page j of 5
37519 B # 27
_ 25 .62,
| 31520 AB # 23
79.8 %
3752 1 AL # 29
| 28.52,
37522 AL _# 30
'- 2902
I
e
g
N

Copy of Analytical Resuits Sheet To:
> Requested Analytical Results COMPLETION Date By




m)A M"' s 1 ', 1 !_ hJ m
710D 5 ANALYTICAT PARTICUI AT DATA

P.!.ant Borbtecaon Pioed Run No. /1-X -7
Cl_ty LY /-’-1:(‘) ) - PrOject l\b. A2 o
Density of Acetone (pa) G 7oy g/ml

Liquid Tevel Marked
Sample Type PCS Sanple No. and/or Container Sealed

Ncetone Rinse 2Ov8 s

Y

(Filter (s) No.

Acetone Rinse Volume (Vaw) 655 ml
Acetone Blank Residue Concentration (ca) 0.0009 mg/g
Date and Time of wt, ,, AN B ‘&&AA _ Gross Wt. ,o0q £of. mg
Date and Time of wt, /LR R B. 30 9 nay Gross Wt. 08 Re g Z; mg
Date and Time of Wt. Gross we. — mg
Average Gross Wt. ,, B9c9:-7 mg
Tare Wt. /o 5%/. 8 mg

Less Acetone Blank, Wa = Ca Vaw Pa= (g.c0o07 ) ( 655 ) (o- 7852 ) =

Weight of Particulate in Acetone Rinse A2

Filter(s) No. L0085

Date and Time Dessicated 218 87 IL&")_:M«
!/

Date and Time of Wt. i~ 1583 T 20 8m Gross Wt, 25 %, .3 mg
Date and Time of Wt. ~ ;- /¢ 63 S 2044 Gross We. 5o 9 g mg
Date and Time of we., — Gross wWt. mg
Average Gross Wt. 7 s 8./ my

Tare We. 3 ¢ 3.0 my

Weight of Particulate on Filter (s) 345/ mgy

.. Welght of Particulate in Acetone Rinse 2225 mg

Total Weight of Particulate s9a.( my

mass of residye (mg) 0./ '
Note: Ca = vol. blaﬂrxpa = (r7¢) (0‘797") = 0.-o0ge 7 mg/g

In no case shall a blank residue greater than 0.01 mg/g be subtracted from the
sanple weight.

Remarks :

Analyst Signature Loonnd Lo Moceliy Reviewer

Blank Data, page No. ] - D( Page / of 71

POLLUTION-CONTROL SCIENTF. ING.




EPA MIFITIOD 5 ?\N]\LY'}'_LCJ\L PARTICULATY DATA

Plant .4 imen ~ Aliae £ Rin No. .1 - 2
City . Cor Cotnenin b Project No. % - /o
Density of Acetone (pa) O %52 _ g/l

' Liquid Tevel Marked
Sanple Type PCS Sample No. and/or Container Sealed

Acetone Rinse 3 7¢4%)

|

Filter (s) No.

Acetone Rinse Volume (Vaw) bos™ : ml

Acetone Blank Residue Concentration () o ovoe7 mg/qg

Date and Time of wt. 27 kA B! 30am Gross We. gy 5257
Date and Time of Wt, N-tp- &3 3:30.9mM Gross Wt. 245, <. g
Date and Time of wt. Gross Wt.,

Average Gross Wt. 2 “47245.8

mg
g
g
mg
mg

Tare We. T 455,17,/

Less Acetone Blank, Wa = Ca Vaw pa = (0wee? ) ( Lo ) (a.;erz_ ) =, 3
Weight of Particulate in Acetone Rinse 2 /49,y
Filter(s) No. 0oz |
Date and Time Dessicated 1/- K -8 -/,zfgo_n
_ -

Date and Time of We. _ ,,_, s .02 B.209n Gross Wt. v .5 mg
Date and Time of wt. b 83 S 20 mMng Gross Wt. ¢ mng
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. b Y5 3 mg

Tare Wt. 39 2, & m3

Weight of Particulate on Filter (s) _252.7 mg
Weight of Particulate in Acetone Rinse /4, Y mg
Wl Total Weight of Particulate Y21 mg

mass of residue (mg) o/ ' :
Note: Ca = vol. blank (mi) x pa = (125 (o0 7652) = o.0007 my/q

In no case shall a blank resid greater than 0.0l mg/g be subtracted from the
sample weight. B : -

Remarks :
. Analyst Signature Conel - 032:? : ﬁevieuer
Blank Data, page No. // Page 3 of //

3
POLLUTION CONTROL SCIENCE, INC.

. - i ae e m wam .- - _——




LA METIOD § ANALYTICAL PARTTCULATI, DATA

Plant 2, A ecomenn = Beimed Rin No. [ L -3

Ci ty _ 4 (,"(.L-Ly_bh[m"h'j . Pro_](_‘Ct No. _ SNy Y
Density of Acetone (pa) YT - G/l

- Liquid Tevel Marked _
_ ' Sanple Type PCS Sample No. ___and/or Container Sealed

_ Acetone Rinse 3 29%9

v !

- Filter (s) No.

- Icetone Rinse Volume (Vaw) & o 6 ml

- Acetone Blank Residue Concentration (ca) o.000 7 my/q

- ~ Date and T.ime of Wt. 2/ ‘-/;93 _ - 304,11 Gross Wt. 94 £29, '
Date and Time of wt. 2tE-83 T304 m Gross Wt. 9 429y

- Date and Time of Wt. Gross Wt.

Average Gross Wt. 94 L 29, Y

: Tare Wt. ¢6 vgs ,
- Less Acetone Blank, Wa = Ca Vaw pa = (o.cocy) ) ( Sy ) (' 00952 ) = .3

- o Weight of Particulate in Acetone Rinse _1¥37

= =
- Filter(s) No. SO06/
= Date and Time Dessicated _,,. g. ¢, J2 30 L
7 .
Date and Time of we. Jf-/5 93 .20 A p . Gross Wt. 43 5 2 mg
- Date and Time of Wt. it = rb 3 B 2o Gross Wt. 935, 5 mg
Date and Time of wt. : Gross wt. mg
B : : Average Gross Wt. %13 7, 4 mg
- Tare Wt. 3 Ya2.2 my
- Weight of Particulate on Filter (s) 7.9 g
) Weight of Particulate in Acetone Rinse 193, 9 my
‘ : Total Weight of Particulate- / Y99 mg

mass of residue (my) o
Note: Ca = vol. blansi@ x pa = - (175)(078%2] = _0.0007 mg/g

In no case shall a blank residue greater than 0.0l mg/g be subtracted from the
sample weight.

Remarks :

Analyst Signature Mm'éjr\ Reviewer

Blank Data, page Na. /! : Page S __of 4

-
) POLLUTION CONTROL SCIENCE, INC.

T e = —r—— L ———— e —— e .. -



A'A METIIOD 5 ANALY'TICAL PARI'TCULATY DATA

Plnl‘t ‘ ?ll _/1.('11_.I £, [JL,_.,_QL rh’n m- /‘I - ‘/
City Coloen {oger Project No. Ty osn
Density of Acetone (pa) O-2Ts5T _ g/ml

- —

Liquid Level Marked
Sample Type PCS Sample No. and/or Container Sealed

Acetone Rinse 3 79 2/

¢t

Filter (s) No.

Ncetone Rinse Volume (Vaw) b ¥S ml

Acetone Blank Residue Concentration (ca) o.00c) mg/g

Date and Time of Wt. /1502 . Gross Wt. a¢307.9
Date and Time of Wt. /- /4 a3 D30 AN Gross Wt. g4y 353 7
Date and Time of Wt. Gross Wt.

Average Gross Wt. PY308.8

Tare Wt. By 06,8
Less Acetone Blank, Wa=CaVawpa= (0.cco?) ( 4g5 ) (o-7a52) =

2o
_ ‘ i Weight of Particulate in Acetone Rinée

Filter(s) No. $ o0/ 3

Date and Time Dessicated 1/-% % 3

22 -3 c:'fa e

Date and Time of We.. ,,. /1583 FI28 AiS Gross We. 4y 2z, g mg
Date and Time of Wt, - 53 3. 20 gat Gross Wt. o |4 mg
Date and Time of wt. Gross Wt. mg

Average Gross Wt. 4 v /.9 mg
Tare Wt. 3¢ ¢. 4 my

Weight of Particulate on Filter (s) 25953 mg

Weight of Particulate in Acetone Rinse 20/ ) g

- Total Weight of Particulate 4s2 0 mg

mass of residue (mg) o.l
Note: Ca = vol. blank Jegaiw x pa = Q)S‘)Lb-m;L) = - o0.c0027 mg/q

In no case shall a blank residue greater than 0.0l mg/g be subtracted from the
sample weight.

Remarks :
Analyst Signature _ o, , ./ »2, 20 ety Reviewer

Blank Data, page No. 7 { Page 7 of ’/

POLLUTION CONTROL SCIENCE, INC.






I'PA MIFTTIOD 5 )'\NI\L“_:_’_'[‘[CJ\L PARCTCUTNIY DATA

Plant ——g-:f-..‘.":'_./;-‘.dd-hl..“_ll__.__df fod L_/L un No, /- Z e
City -l tay Project: No. i By /e
Density of Acctone (pa). o g s o ' g/ml

—

Liquid Tevel Marked
Sanple Type PCS Sample No. and/or Container Sealed

Acetone Rinse 30 92 3
( ¢

Filter (s) No.

Acetone Rinse Wolume (Vaw) 430 _ ml

Acetone Blank Residue Concentration (ca) a.000 ) Mg /g

Date and Time of Wt. /. e o= 9_‘3£ﬁd4 Gross We. /08 3/9.6
Date and Time of Wt. /] 1682 '3 /2 m Gross Wt, /0 R3(9.3
Date and Time of Wt. ] Gross Wt.

Avetage Gross Wt. . ¢ 3/%.5

mg
mg
g
mg
mg

Tare Wt. /0§ 209.Y

Less Acetone Blank, Wa = Ca Vaw pa = (6ooc?) ( w3e ) ( o-J|SL ) = P A

Weight of Particulate in Acetone Rinse (1 6.9
Filter(s) No.  § o,y
Date and Time Dessicated ,,- - g3 _;/2:3(;,,,.,\_
4
Date and Time of Wt. /-5 -¢ 1 $:20 Am Gross Wt. o 4 9.7 mg
Date and Time of Wt.  ,/-/p 23 204 m Gross Wt  y 29, s my
Date and Time of Wt. Gross Wt. mg
Average Gross Wt. 929 b my
Tare Wt. 3 D7 / m3
Weight of Particulate on Filter (s) Ho. 5 my
Weight of Particulate in Acetone Rinse /10.9 mg
. ~ Total Weight of Particulate /)S5LYy ng
mags of residue (mg) ' o/
Note: Ca = vol. blank (5%5 = (/%) (e 295) = 0 ¢en mg/g
In no case shall a blank residue greater than 0.0l ng/g be subtracted from the
sample weight. .
Remarks :
Analyst Signature ctrnal Loe Mmeerby Reviewer
Blank Data, page No. 1/ Page 7 of y/
7

POLLUTION CONTROL SCIENCE, INC.




VA MITITOD 5 ANNLYTICAT, PARITCUI AN DA

p]_ant I8 Ml‘ CLeofry © 14.41“4]\_ : Run No. /- o --/
City LAty (o prOjQCt No. KA a0
Density of Acetone (pa) o795 2 g/ml

i

_ Liquid Ievel Marked
Sanple Type _ PCS Sample No. and/or Container Sealed

Acetone Rinse 37986

Filter (s) No. o

#cetone Rinse Volume (Vaw) 592¢ ' ml

Acetone Blank Residue Concentration (ca) O.000 7 mg/q

Date and Time of Wt. _,,. 4754 B30 Ary Cross Wt. Joo 944, | mg
Date and Time of Wt. 7 ¢ @3 F 30 M se Gross We. 0094/, 06  my
Date and Time of wt. Gross Wt. mg

Average Gross Wt. ,coe9, // __mg

Tare We. /0093, ¢ mg
Less Acetone Blank, Wa = Ca Vaw pPa= (ocee7 ) (595 ) (.o 2954 ) =

Weight of Particulate in Acetone Rinse 19 . ;
5 SR
Filter(s) No. o7
Date and Time Dessicated -4 . ‘20
L/2-8_8R /2 30 oo
Date and Time of wt, 175 D3 T 20 Am Gross Wt, OO, Yy mg
Date and Time of Wt. ~,, /2 o3 ¥ 20 Ay Gross We. <« oo, L mg
Date and Time of wt. Gross Wt. mg
Average Gross Wt. wco. 5 mg
Tare Wt. Boevo my
Weight of Particulate on Filter (s) 97 64.5 mg
Weight of Particulate in Acetone Rinse 2 2.C mg

| Total Weight of Particulate Y w§.s

mass of resi (mg) ‘ ./ _ ) '
Note: Ca = voI, blank*xpa = (175)( o 795 = 00007 mg/qg

In no case shall a blank residue greater than 0.0l mg/g be subtracted from the
sample weight, . ' '

Remarks ;

8

. Analyst Signature Coned Yo Meprlrg Reviewer

Blank Data, page No. // OL Page ra of l/

2
POLLUTION CONTROL SCIENCE, INC.




LA MEITDD 5 ANATYTICAL PARILCULATE DATA

Plant (7, ficcacn Becac b PnNo. g .o
City Co Loenndrren Project No. ¥ s 070
Density of Acetone (pa) o ) %54 g/ml

o

Liquid Level Marked

Sample Type PCS Sample No. and/or Container Sealed
Acetone Rinse 3 79%%
s

Filter (s) No.
Icetone Rinse Volume (Vaw) }‘ ¥S ml
Acetone Blank Residue Concentration (ca) o-000 ) my/q
Date and . Time of Wt. /283 2308 Gross We. /o225 7 mg
Date and Time of Wt. /Hfb- B2 T30 AM Gross Wt. /0672 25.3 g
Date and Time of Wet. " Gross Wt. my

Average Gross Wt. oy 17545 mg

Tare Wt. , 0y .?.5'6,"{ mg

Less Acetone Blank, Wa = Ca Vaw pa = (g.oce? ) ( 495 ) (e.7852) = .3 T

Weight of Particulate in Acetone Rinse

Filter(s) No. Socy

Date and Time Dessicated ,,.g g3 LA 20 pan

Date and Time of Wt.. ,,.,5 -8 3

I w20 nm Gross Wt. b2 . ¥ mg

Date and Time of Wt. - /¢ 83 L 520 o Gross Wt. $93.3 mg
Date and Time of Wt. 1 - Gross Wt. mg
Average Gross Wt. 46 ¢ 3./ g

Tare Wt. 3 P $, 2 my

Weight of Particulate on Filter (s) 293% gy

Weight of Particulate in Acetone Rinse 18.D gy

Total Weight of Particulate 3 /2.6 mg

mass of r*’ (mg) e/
Note: Ca = vol. blank ) x pa = (1r75)( 0.7852 ) = _0.¢co07 mg/g

In no case shall a blank residue greater than 0.0l mg/g be subtracted from the
sample weight,

Remarks :
Analyst Signature Coas 2 Boa /_;zg%'i‘ Reviewer
Blank Data, page No. 71 ‘ Page 1% of 4/

POLLUTION CONTROL SCIENCE, INC.




. IPA 5111[][30 5 Al\l_lu\.l_.Yf_lh‘_l;(:V\[‘ PARTTQULATE DATA

e e T ———

P'l_:mt __.__L?.......l;_r_du.c..:..._‘__ﬁcc,.l-f'4- R No. /- o -3
City i Co Cernumtzen Project No. . osa
Density of Neetone (pa) O %G 2. . g/ml

, Liquid Tovel Marknd
Sanple Type ICS Sample No. and/or Container Sealed

Acetone Rinse o P 5 70

Filter (s) No.

icetone Rinse Volume (Vaw) 5'5'5‘

ml
Acetone Blank Residue Concentration (ca) o 000 ) mg/g
Date and 'I'.ima of Wt, AV L% 8. 30 Ax, Gross Wt.,
Date and Time of wt. itk B 230 p Gross Wt,
Date and Time of wt. Gross Wt.

/oY XX, [ mg

loy /2 /.7 Mg

mg

Average Gross Wt. 10912 /.7 mg

Tare Wt. jov /0 5.0 mg

Less Acetone Blank, Wa = Ca Vaw pa = (0.000)) ( s545¢ ) (' e-MS2) = o

Weight of Pérticulate in Acetone Rinse

Filter(s) No. S0 7
Date and Time Dessicated e L

/% ¥3 ¢ 2, 3o—fa='ﬂ' .
Date and Time of wt. - 4 - /58] ¥'20Ap Gross Wt.
Date and Time of wt. B -6 a3 B 2Py Gross Wt,

Date and Time of Wwt. Gross Wt,

Average Gross Wt.

Tare Wt.

Weight of Particulate on Filter (s)
Weight of Particulate in Acetone Rinse

e

Total Weight of Particulate

_ mass of residue (mg) .
Note: Ca = vol. blanillliiil) Xpa = . (;75-)(_0.795:_) =

—

-

Yi4.7 mg
4ty. 9 mg
mg
Hiy .8 mg
392.0 my
2.1.9 mg
484 mg
32.y m
n:0007 ng/g

In no case shall a blank residue greater than 0.0l mg/g be subtracted from the

sample weight.
Remarks :

Analyst Signature _w&‘_am ' ' Reviewer

Blank Data, page No. I, O(

Page VA of /!

POLLUTION CONTROL SCIENCE. INC.




FIA MITTTRD 5 ANA YLLCAL PARIICULAIY DATA

~ Plant W ITETE . IR Rn No. SRR
City Conlioed re) Project No. " 55 o, o
Density of Acetone (pa) o ¥ g/ml

- Liquid Tovel Marked
sample ‘'lype PCS Sample No. and/or Container Sealed

Ncetone Rinse 3 20y 72
/

Filter (s) No.

Icetone Rinse Volume (Vaw) 3 BO ml
Acetone Blank Residue Concentration {ca) ®.000 7 mg/g

Date and Time of Wt, y/ATAS- % 8. 30Am Gross We. /o9 /4 5.¢¥ mg
Date and Time of Wt. i /e B3 Z!'30 A Gross Wt. , 09 /2 5.3 mg
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. , o 71259 ™

Tare Wt. /09 1//.Y mg

Less Acetone Blank, Wa = Ca Vaw pa = (o0.0c0) ) ( 380 ) (o852 ) = g o
Weight of Particulate in Acetone Rinse /3.5 ¥
: _ _ ST as
- Filter(s) No. __ S p/ 7
Date and Time Dessicated 2/-¥-%13 . 22 .30 1
Date and Time of Wt. 1/ s6 813 Tz oA Gross Wt. 53 3. 3 mg
Date and Time of Wt. i tb B3 D@20 A Gross We. 732, 1 mg
Date and Time of Wt. Gross Wt. mg
Average Gross Wt. 23 3.3 mg
Tare Wt. 3?0.&% my
Weight of Particulate on Filter (s) A ya.g g
Weight of Particulate in Acetone Rinse /134 g
e Total Weight of Particulate 3567 mg
' mass of residue (mg) o/ ]
Note: Ca = vol. blank (M"%E =" (125)( 7852 ) = o008 ) mg/q
In no case shall a blank residue greater than 0.0l my/g be subtracted from the
sample weight. : :
Remarks :

Analyst Signature Case Z s N eorly Reviewer

Blank Data, page No. /( Page g of /{

POLLUTION CONTROL SCIENCE, INC.




———— 2 ANALYTICAL PARTTCUI Ay _DAIA

—_— ———— —

Plant 2&.\.&}%“-____{.5;r.«J-_c‘._/-L__.._______h_-_———-_._..________’“"‘ No. f_ o -4
CCity Lo Loy 'ec ) Project No. T, a
Density of Acetone (pa) ~ 23 5 o - g/ml
—_— 2y _— _—
Liquid Tevel Tarkeg ]

Sample Type PCS Sample No. _and/or Container Sealed

Acetone Rinse 3 77 7

Filter (s) No. . ]
/cetone Rinse Volume (Vaw) 365 ml

Acetone Blank Residue Concentration (c3) 0. 000 3 __mg/g _

Date and Time of Wt. {22868 3 E‘Bod_ﬂ Gross Wt, lod-co05. [ mg
Date and Time of Wt., L16-83 H

T 30o4m
Date and Time of We. _

Gross wt, (02 009.0 Mg
Gross wt, mg

Average_ Gross wt, ‘92009 | g

’I‘areWt.Jo/9'97_,9 mg
Less Acetone Blank, Wa = 3 Vaw pa = (o.000)) ( 3es” ) (e-7852) = -

Weight of Particulate in Acetone Rinse

Filter(s) No. __ s,

Date and Time Dessicated . T L2 :3C p g0
Date and Time of We. -/ 583 20 am —__ Gross wt. /2 .o mg
Date and Time of We. s/-7e-83 %20 Aae Gross wt. 9/2, 2 mg
Date and Time of wt. Gross Wt, mg
Average Grosg Wt. Y12,/ mg
Tare Wt. 1%0.% my
Weight of Particulate on Filter (s) 243 mg
Weight of Particulate in Acetone Rinse /1.0 mg
e Total Weight of Particulate 32.3 mg

_ mass of residue (mg) o./

Note: Ca = 3ol. blank (Ml )gpume = (175")(-0‘795?—) = Q.00 7 mny/g

sanple weight,
Remarks .

Analyst Signature Conad Fip ma:dci | Reviewer
Blank Data, page No L/ _

. Page ¢ of 4/

/e
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sl ot Lad i LAACLLLULALL DATA

Plank e\ Acemey - Lcae b Trin No. Bl
City (o Cepliron Project No. )
Donsity of Xcetone (pa) o ,¢ ¢ 2 q/ml
= Liquid Tevel Marked
Sample Type PCS Sample No. and/or Container Sealed
) Acetone Rinse 2 24955
Filter (s) No. "/ n
- Acetone Rinse Volume (Vaw) /75 ml
Acetone Blank Residue Concentration (ca) . 0007 mg/g
Date and Time of Wt. ,/-g°g 3 8: 30 Aan, _Gross We. _Jo %2552 mg
Date and Time of Wt. /- ,.. g 4 T30 pm Gross Wt. /o 8 294. 8 g
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. (o%as 3. o mg

Tare Wt. (oL1 79 .9 Mg
Less Acetone Blank, Wa = Ca Vaw pa = ( ) ) ) =

Weight of Particulate in Acetone Rinse o/

Filter(s) No. vy

i Date and Time Dessicated
Date and Time of Wt. . Gross Wt. mg
. Date and Time of Wt. Gross Wt. mg
Date and Time of Wt. ' Gross Wt. mg
Average Gross Wt. mng
1
Tare Wt. m3
v Weight of Particulate on Filter (s) mg
Weight of Particulate in Acetone Rinse mg
' Total Weight of Particulate my
h
: mass of residue (mg) 0.}
v Note: Ca = vol. blank (ml) x pa = (178) 0 7652) = 0 vot?} m3/g
X In no case shall a blan@@due greater than 0.0l my/g be subtracted from the
sanple weight.
Remarks :
1
Analyst Signature ' Reviewer
\ Blank Data, page No. /{ Page 1/ of //

POLLUTION GONTROL SCIENCE, INC.




T T

H

l | l .1 l

|

Filter(s) No. ¢ oo

Date and Timre Dessicated /E e By

Date and Time of Wt. . :. £ 2i3n Am Gross Wt. 93 2 mg
Date and Time of Wt. (o 27 2 Gross Wt. 3 73, ¥ _mg
Date and Time of Wt, Gross Wt. . _Ing

Average Gross Wt. mg

Filter(s) No. By (?5'-6/0[)'/3 "57'/{‘7'}

Date and Time Dessicated Jo-26-a3

Date and Time of Wt. LEC-2b-83 8:20 Ay Gross Wt. 394 5 mg
Date and-Time of Wt. .. 2.5 3 Gross Wt. 39%2:z2.5 mg
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. 2192, 7 mg

Filter(s) No. Seoa (r5~oto p43 ™3 7q?o)

Date and Time Dessicated 4 ,0-83%

Date and Time of Wt, _ . 26 B3 S lzodm Cross Wt. 29,9 mg
Dakte and Time of Wt. {27 %3 Gross Wt. 3 72,] mg

Date and Time of Wt,. Gross Wt, mg

Average. Gross Wt. 392 .0 Mg

Filter(s) No. o023 (”55’-4'/0 AR ‘@32497_)

Date and Time Dessicated ,, 2093

Date and Time of Wt. TRy G- 20 Am Gross Wt. 392.¢ mg
Date and Time of Wt, 10 07 . %3 Gross Wt. 392 .¢ mg
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. 392.f mg

A N

Filter(s) No. $oo ¥ Q*’"mo A8 ‘“32082})

Date and Time-DessI'xcated [ Lo B3

Date and Time of Wt, i - 26-8.3 ¥ 10AM Gross Wt. 359/ mqg
Date and Time of Wt, 0277 %3 Gross Wt.  swy.¢g mg
Date and Time of Wt. Gross Wt, mg

Average Gross Wt. 3%9, 32 mg

-— ﬁ "ﬂ '_' ‘_1 _.‘

»
F ]

POLLUTION CONTROL SCIENCE, INC.




Filter(s) No. 5"00)’ : (35‘-010 A3 f.?/‘rﬁsj

Date and Time Dessicated _ /o -,o 2 3

Date and '[‘1:me of Wt. s e B3 el d e flm Gross WE. 292 9 mq
Date and Time of Wt. Y- 2D B2 Gross Wk, 372.3.& mg
Date and Time of Wt. - Gross Wt. mg

Average Gross WL, 393 0 mg

Filter(s) No. So0ob

Date and Time Dessicated _/, ,0-8%

Date and Time of Wt. Je kG2 T ieAm Gross Wt. 387 o Mg
NDate and Time of Wt. [ L7923 Gross Wt. 3%4.7 mg
Date and Time of Wt. Gross Wt. mg
' Average Gross Wt, mg

Filter(s) No. o0 7

i
'1
' Date and Time Dessicated /e ;0:82
Date and Time of Wt. FO 2693 ?:Jﬂéﬁ"r Gross Wt. _,ZL._Z___._mg =Y
Date and Time of Wt. o727, %3 ~ Gross Wt. 2¢2.{ mg
Date and Time of Wt. Gross Wt. mg
Average Gross Wt. mg

Filter(s) No. s 00

Date and Time Dessicated jo-20-83

Date and Time of Wt, T X Ty Gross 386,99 mg
Date and Time of Wt., -~ /- 22.213 Gross Wt. vy 7./ Mg
Date and Time of Wt. Gross Wt. mg

‘ ‘ Average Gross Wt. mg

Filter(s) No. 3’009‘

Date and Time Dessicated ,n 2083

Daté and Time of Wt. 10 L6 83 T 3o A M Gross Wt. 1¢% J mg
Date and Time of Wt. m-27.9.3 Gross WL, 35¥./ mg
Date and Time of Wt. Gross Wt. mg

Average Gross Wt. mg

POLLUTION CONTROL SCIFNCE, INC.




Filter(s) No. S oo

Date and Time Dessicated SO 20 G 2

< il

Date and Time of Wk. /o ;s 853 308 m Gross Wt, 357 mg
Date and Time of wt. 1y 7 B3 Gross Wt. 3¢ 4.0 mqg
Date and Time of wt. " Gross Wt. mg
Average Gross Wt, mg
Filter(s) No. S$/o7i Aogbrengcf
4 4
Date and Time Dessicated 4O 20 "B 3
Date and Time of Wt, 1O 26-83 B3 pm Gross Wt. 38¢ 3~ mg
NDate and Time of Wt. [ 27.3 ) Gross Wt, =Sge&. 7 mg
Date and Time of wt, . Gross Wt, mg

Average Gross Wt, mg

Filter(s) No. ey ("Bs'-c/a AL~ 3y9 J.)

Date and Time Dessicated ,p-2e 02

Date and Time of Wt.  /0-26-83 . 304,  Gross Wt. 390.2 mg <
Date and Time of Wwt. IO 27-% 2 Gross Wt. 3%0.5 mg
Date and Time of Wwt. Gross Wt, mg

Average Gross Wt. 1 9o, mg

Filter(s) No. _S$0/2  lys-cio n-g = 305/ )

Date and Time Dessicated /o , 09>

~Date and Time of Wt. /o ‘2083 30 Am Gross Wt. 286.5 mg
Date and Time of Wt. 4o 2D w3 Gross Wt. zg¢4.7 mg
Date and Time of Wt. __ Gross wt, _ mg

Average Gross Wt. 396.6 mg

—Ser=e
Filter(s) No. SOsH (¢5010°08 *3 7773)
Date and Time Dessicated ,,. 20 93
Date aAand Time of WEt. 0 16-£3 Biiogdm Gross Wt. 2970 mg
Date and Time. of Wt. ,5.27.63 Gross Wt. as5. 7 mg
Date and Time of Wt. _Gross Wt., = == mg

Average Gross Wt. 3927/ g

POLLUTION CONTROL SCIENCF 1N




Filter(s) No.

Date

Date
NDate
Date

and Time

and Time
and Time
and Time

saors” ('85‘*0/6 4.3 ”3-747‘/)

Dessicated 70200

offl Wt. /O 26 83 - %30 pam Gross Wt., 375 7 mg

of Wt, 022 @ Gross Wt, ?O.Z mg
of Wt. Gross Wt. mg

Lo

Average Gross Wb, »90.8 mg

Filter(s) No. s, .. ﬁigdjbwquﬂ(

Date and Time Dessicated LO O H

Date and T@me of Wt, /0 26812 20 A Gross Wt. 2rrs mg

bate and Time of we, —l -t Groes we, “ELLT
Average Gross Wt. mg

Filter(s) No. -4 (x.s‘-o/o Hoal = 375/56)

Date and Time Dessicated /O 2082

Date and Time of Wt. /0 )6 8% ¥iio gm _ Gross Wt. 3£3 o mg

Date and Time of wWt, Gross Wt. a5+ 0 mg

Date and Time of Wt. Gross Wt, mg

Average Gross Wt. 39 4.0 mg

Filter(s) No.

/P

Date and Time Dessicated O lo 83
Date and Time of Wt. (02682 ¥ 30 A Gross Wt. @7 ¢ mg
Date and Time of Wt. 20 07.%3 Gross Wt., ,4-5.3 mg
Date -and Time of WwWt, Gross Wt. mg
ﬂ,_ _ Average Gross Wt, mg
Filter(s) No. sos 9
' <
Date and Time Dessicated , ¢ -,0- 83
Date and Time of Wt. o0 -2(-83 Flio Am Gross Wt, - mg
Date and Time of Wt. ,5.. 7 3 Gross Wt. a359.5 mg
Date and Time of Wt. Gross Wt. _ ~ mg

Average Gross Wt, mg

POLTUTION CONTRNI SCIFNCF INC,




CJCLIENT

CAMPLE
DESCRIPTION

PCS5 #

METHOD OF ANALYSIS

DATE

[{-lb R

ANALYSIS % Sobinly

CALCULATION

me/1 = dry mm x 1000

ANALYST o 4 Moeedsy

mls samnle

Page / of /
COMMENTS :
SqQLIbs
: TARE e _ Yo
SAIPLE I.D. PCS # | FLASK #] mls | 'TARE & w€F |DRY g | DRY mg |meft— [REPORTED
-0 32976 4,353 14 693/ la.97y sf 2
] 3 295) /. 3086 |F291¢ I3.00ic 95.77 *
/ 37Y99% L 305/ |9, 6577 laies 4.9 “'
{ 37v59 /. 300 F 15296 0 |a.usio 33 p)
| S 250D lr2y2) 19. 2265 |1.c872 943
3150 {2332 |9 2620 Reseg 33.7
37502 12346 1Y 5765 12,447 YN
37503 [,2383 15, 291¢ |58 75. %
30850y [.2¢9 08 b, /1227 |a.s9ss5 X3 b
3 7508 /. J-7'I5v'7 6, /235 |2.9.09 359
37506 /2529 |57 ,903 |5 eyss 964
A7 3250) F l.2517 12,9203 |3 500l 223
— A
STANDARDS
g, 137252/ / 22%b |4 .¥536 |4 0% 75.5
' 37520 Jo220C |4 65885 3,28 7%.4
59
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—

- [CLLENT
_ SAUPLE
DESCRIPTION
PC3 4
CALCULATION
METHOD OF ANALYSIS g/l =-8E¥ mz_x 1000
. mls samnle
DATE ) - )4 -p3 ANALYST ¢, mﬂmgf
ANALYSIS % Sol.of Page A of 2,
COMMENTS :
)
DOLDs
. : TARE f'd:_.’f.
SAMPLE I.D.| PCS # | FLASK #| mls | TARE % DRY ¢ | DRY me |me/1 |REPORTED
n-/% 22568 L. A5 (L |7 0555 (3.7288 v2.7
37504 /2517 6 005 15 738 EX
350 | ji2202 |9 ro95 |3.s505 213
3 25// [, 265 |4, 3/9Y Bere ' 39,7
3 75/2 l 2529 |, &l/0p IS 3517 YA
3 0573 /. 2258 |8 ver9 |a.8271 215
3 I5/Y /.2790 |5.79/7 |2.913) 35|
3 2575 129826 | 9. 4377 |40y 75. 7
2 2574 [, 22635 |¥. 6352 3.05v9 : +9. 7
3 7577 [,27290 |5, 625D la.596f 39
| 375/8 [,22/8 |9.5027 ly39s(). 2¢.5”
N > 7579 /,30'5"7 B.398/ 34240 | 15.(0
L
A-A 35520 [ 3(27 $.228Y l3.4038 | w53 4‘4*‘) o]
} 3 28/ : [ 3117 - o, /687 f.e367 99,4 ‘19‘5)“53
\p 3052 /., 3073 F.0955 l1.981b 234 \l_ )-\"-\
gy 127522 /2823 |2 7293 1. 1%k 24. 7

57
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APPENDIX C
Emission Rate Calculations
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An

Cp
Cs

C'g

EA

AH

La

Lp
Mn
Md
Ms
Pb
Ap
Ps
Qa
STD
Tm

Ts

'Length of rectangular duct, in.

DEFINITION OF TERMS

Cross-seetional area of nozzle, ft2
Water vapor in the gas stream, proportion by volume
Pitot tube coefficient (Type S = 0.84, STD. = 0,99)

Concentration of particulate matter in stack gas, dry
basis, at 68°F and 29.92" Hg, gr/dscft

Concentration of particulate matter in stack gas, dry
basis, at 68° and 29.92" Hg, lb/dscf

Diameter of circular duct, in.
Percent excess air
Particulate mass emission rate, lb/hr

Average pressure differential across the orifice meter,

in. HZO

Percent of isokinetic sampling

Maximum acceptable leakage rate for either a pretest leak

check or for a leak check following a component change;

equal to 0.02 cfm or 4 percent of the average sampling rate,
whichever is less

Leakage rate observed during the post-test leak check, cfm
Total amount of particulate matter coliected, mg

Dry moleéular weight, 1lb/1b mole

Wet mdlecular weight, 1b/1lb mole

Standard absolute pressure, 29.92" Hg

Velocity hééd measured by a pitot tube, in. H,0

Absolut_:e“hk gas pressure, in. Hg

Actual volumetric stack gas flow rate at stack conditions, acfm
Dry volumetric stack gas flow rate at 68°F and 29.92" Hg, dscfm

Absolute average dry gas meter temperature, °R

Absolute average stack gas temperature, °R

‘POLLUTION CONTROL SCIENCE, INC.




Vmc

Final weight of condenser water, gm

Initial weight of condenser water, gm

Total weight of liquid collected in condenser and silica

gel, gm
Volume of gas

Volume of gas
corrected for

Average stack

Volume of gas

sample as measured by the dry gas meter, dcf

sample as measured by the dry gas meter,
leakage, dcf

gas velocity, ft/sec

sample measured by the dry gas meter, at 68°F

and 29,92" Hg, dscf

Volume of water vapor condensed, at 68°F and 29.92" Hg, scf

Volume of water vaper collected in silica gel, scf

Total volume of water vapor condensed and collected in sj

gel, scf

Width of rectangular duct, in

Dry gas meter calibration factor

Total sampling time, min.
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2

USEPA METHODS 1 THROUGH 5 CALCULATIONS

-

Volume Metered, corrected for leakage (if >0.02 cfm)

Vmc = Vm - [(Lp - La)G]

Volume Metered, standard conditions
P + (AH = 13.6)

va

bar

Vmstd = (17.64) Vmc Y

Volume Water Vapor Collected, standard conditions

C
sg .
V.o =W, +V
vstd Yo wsg

Percent Moisture, by volume

VW
B = std
ws v + vV
wstd mstd

Molecular Weight

Mg = 0.440(%002) + 0.320(% 02) + 0.280(%N2 + % CO)

Ms = Md (1 - Bws) + 18.0 (Bws)

. N
Excess Air
-
s Ea o - 0.5 3CO (100)
~ 0.264 %N, - (30, - 0.5 %CO)

Stack Gas Velocity, average

v = (85.49) C (VAP) ave
ave P

POLLUTION CONTROL SCIENCE, INC.




USEPA METHODS 1 THROUGH 5 CALCULATIONS (Cont'd)

s

8. Stack Volumetric Flow Rate, actual conditions

0, (circular) = (60) Vg (5.454 x 10°3) a2

ave

3

Q L W (6.944 x 10 7)

(rectangular) = (60) VS

ave

a

9. Stack Volumetric Flow Rate, dry standard conditions
' P
s

Tq

Qutg = (17.64) Q. (1 - Bws)

10. Emission Rates

C o = (0.0154 gr/mg)(Mn T Vo )
4 ,std

C = (1.429 x 10" " 1b/gr) C s

Er = (60) Cs Qstd

11, Isokinetic Variation

((0.002669 V c)+(Vm - Tm)Y(P r+(AH - 13.6))1]

1l ba

60 6 VS P3 An

*I = 100 T,

E 4
<l
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PARTICULATE EMISS1oOw TEST CALCULATLONS

¢ pLant A L @)Iwbus‘,OH. SOURCE/RUN __ [ - T~ [ paTE  yifi(+

1. Leakage Correction for Volume Metered
Vme = Vm - (Lp-la)® = Vi - (Lp=0.02)8 = ( - ) -0.02) (T )

3
Ve = 45,950 £t

2. Volume Metered, Standard Conditions ,(68°F-, 29.92 in.Hq)

- Phar +AH / 13.6 | ,
W“Std 17.64 %Y ( T = 17.64 ( ;/5"75')( [.00‘( )(27.53)4'( 2:@()/13.(

m
( §3@ )

0}

Vet 4S,13] asct

3. Volume Water Vapor Collected, Standard Conditions
Impingers = V.. = 0.04707 (Vg - V;).= 0.04707 ( =

o we £m St
Silica Gel = Vwsg = 0.04797 (Wg - Wi) = 0.04707 ( ) =

,sztd= W+Vng= &&‘(07? scf ‘

4. Percvent bbiéture, By Volume

|
4

gt

Bw = = = P ]
§  Vwgeg * Vmgey (%698 ) +(4S.13( )
5. Molecular Weight, Stack Gas

Dry Molecular Weight, My

0.440 (%0D3) + 0.320(303). + 0.280 (8N, + 3C0)

0.440 (2.0 ) + 0.320(/59) + 0.280 ( &2 ).

29 //( i1b/1b - mole

I

M
Percent Excess .Air,%EA = _ -
%02 - 0.5_%C0 ] . [ ( )=0.5( ) :Jx 100
. 264 (3N2)(30,-iNEn:. ) | 0.264( ) -0.5( .
SEA = -

Mg = My (1-Byg) + 18, ) = (29,()Q=,3717) +18.0 (. 37/7) = 249§ 1b/lb-mole

6. Stack Gas Velocity, Average

. _ | ( 77
_ : Ts_ "= 85.49 (, & )(,S‘IS\)/
85.49Cp (/AP )avg PMg &4 : (29.97) (24,96 )

Vsavg

| oA g _Slacl3 ft/s
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'PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

(\ 7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)
. 2
Qa(circular) =(>0 *¥s fd /")= 60 X Vg (5.454 X 107) (d?)

144
%0 X <6437 (5.454 x 1073 ({0 )?

mor" Qa(rectangular) = 60 X V ( le) = 60 X V_ (L X W) 6.944 X 10 -3
= 60 X ( X ) 6.944 X 107>
Qa = 5(02. acfm

8. Stack Volumetrlc Flow Rate, Standard Conditions (68°F, 29.92 in. Hq)

Qqeq™17-64 9, (1-By) (—-) 17.64 35%2) (- 317) (- 27. _‘7/;/ )
Queq = /7/,(:7 dscfm

9. BEmissions

. g (5926 ) SO arsdact

c& = 0.0154 =0.0154 & ——— =0,282 X  gr/dscf

> g Vmgeq ™ (5,131 _

e Cg = 1.429 X 1074 X Ci=1.429 X 1074 ( _Q.20a2 ) = 2.89 E -Q5lb/dsct
Er = 60 Cg Qg,q = 60 (3 39E:05) (17,157 ) = A9.T _ 1lb/hr

10. Isokinetic Variation

Vi ' AH
100 TS E.OOZGGQ X V]_C + — XY Gbar + 13_5)]

Tm
60 X 0 X Vg X Pg X Ay

31

(4$550) _
100 X £E Z 0.002669( Se7.C ) + /(00‘/ )(3-?-53 + 2:&75)]

(530) 13.6
60 X ( aomli)x(a‘i.tﬂ)x(‘l‘tok)xxoq |
/ ‘ﬁ‘
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PARTICULATE EMISSION TEST CALCULATIONS

.» PLANT A7 - C‘Z/uméu:, {H SOURCE/RUN (- T-2 DATE /;Z;{f}

1. Leakage Correction for Volume Metered

vmc—vm- (p-La)® = v - (1p-0.02)6 = C )= -0.02) ()
Y2, 171 g3

"2, Volume Metered, Standard Conditions (68°F, 29.92 in.Hqg)

: Phar *QAH / 13.6 -
Vingpq = 17-64 Yo ¥ ( T = 17.64 (42.17( ) ( 1004 )(ZI.L/G)+( 9,2‘/)/}3.

_ ( 532 )
Vingeq = 41,590 _ asct

3. Volume Water Vapor Collected, Standard Conditions

Impingers = V_ = 0.04707 (V¢ ~ Vi).= 0.04707 ( g =  sof
Silica Gel = Vg =0.04797 (We - Wi) = 0.04707 (%' ) = 7o gufece

Vugea = Vi * Visg = 2Y0YY  scf

4. Pervent Moisture, By Volume

sztd' (ﬁ‘loqf ) /s
Bug = ‘ = L366Y
[ S Vosea PVnses (oo +(91,59 )

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My

0.440 (%C07) + 0.320(%03) + 0.280 (¥N5 + 3CO)

0.440 (%7 )+ 0.320(4./) + 0.280 ( 94,2 )
M = 29.¥0 _ 1b/1b - mole

Percent Excess Air,%EA =

303 ~ 0.5 %O -leoo[ ( )-0.5( ) ]x 100
[).264(%1\12)-(!02“ ) | 0.264 at -0.5(

REA = =

il :
Mg = Mg (1-Byg) + 18.0 (Byg) = (27,0 ) (1-,366Y) + 18.0 (,346y) = 25.22 lb/lb-mole

- 6. Stack Gas Velocity, Average

(¢&0 )
(2940 )(25.22.)

T -
ﬁ = 85.49 (rn_no)(.&d )

VSan ='85.4%Cp /AP )avg

0 Vsawg = .57*{/ ft/s

POLLUTION CONTROL SCIENCE, INC.




”B-‘ Cz//u»«/gm}oﬂ /'I'Z_ 1//2//‘:!"'...?

" PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

6 7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)
_ 2 , _
Qa (circular) =_(g° XVs (ad /4>= 60 X Vg (5.454 X 1073) (d?)

144
= 60 X si¢l? 5.asa x 1073 (<Y )P

LXW -3

"or" Qa(rectangular) = 60 X VelT1397) = 60 X V (L X W 6.944 X 10

=60 X ( X ) 6.944 X 10 >

Qa= 47285770 acfm

8. Stack Volmnetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

2
Qqpq=17-64 9 5 (B, ) (-—) 17.64 (32579) (1~ ,306eY) ( 27 Y )

Qtg = > ;5.5 (& dscfm

9. PBEmissions

r ( HeT.1 ) '
cg = 0.0154 2~ = =0.0158 & ———— = 0.5 gr/dscf
g Merd ™ 2(.5%0)
0 Cg = 1.429 X 1074 x c5 =1.429 x 1074 (_0, 17150 ) = 2A] E ~-Q51b/dsct
‘ Er = 60 Cg Qg q = 60 (341 E-05) (15,65¢) = ___R3.] 1b/hr

10. Isokinetic Variation

Goxoxvsxpsxan

%1

(g2.071) .
100 X _{F0 10.002669( $:0.9 ) + 1 ( {.dOC/ y(z4.v6 + 2,19
(532 ) | 1376

60 X ( aoﬁ!‘z )X(l‘iu)‘o)X( )
a ‘”' H,Q06 € - of

= 94T ¢ e
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PARTICULATE EMISSION TEST CALCULATIONS

‘ PLANT A B~ (ola wbus, 6If _ SOURCE/RUN (- T- 3 DATE (//2./§3
1. Leakage Correction for Volume Metered
Ve = Vm - (Lp-La)8 = Vp - (Lp=0.02)8 = ( ° )¢ =0.02) ()

Vm. = _37.97  ft3

2. Volume Metered, Standard Conditions (68°F, 29.92 in.Hg)

: ‘ +/\H / 13.6
Uiy = 17.64 Yoy (pbarT _ )

= 17.64 (37.(97) ( r.00¢ ) FLZP+CLY /13,6
(537

m

Vg, g = 3@ 0k7 dsct

3. Volume Water Vapor Collected, Standard Conditions -
Impingers = V= 0.04707 (Vg - V;).= 0.04707 ( ) = scf
Silica Gel = Viygg=0.04797 (Wg - Wi) = 0.04707 (521 )

sztd = vm + Vng = _T7.1/5 i scf
4. Percent Moisture, By Volume
b - Viigeg ) ( 7./59)
¢ S Wsta P Vg (3,087 )4 7059 )

5. Molecular Weight, Stack Gas
Dry Molecular Weight, Mg = 0.440 (%00) + 0.320(807) + 0.280 (3N, + %C0)

H
J
U‘
8
Hh

= 0:/65-5‘-

0.440 ( /'3 )+ 0.320¢%3) + 0.280 (294 )

M = __ 2598 1b/1b - mole
Percent Excess Air,%EA = _I | ' .
%02 - 0.5 %O _ X100 [ ( )-0.5( ) :lx 100
E.zs«t(%uz)-(%ozﬂ ) _l 0-264( & -0.5( -

$EA = :

Mg = M3 (1-Bys) + 18.0 (5;)5) = (26,9%) (1-,7655) + 18.0 (,16SS) = 27.(( b/lb-mole

6. Stack Gas Velocity, Average:

T : . H ( ¢70 )
= 85.49C, p ) 5— = 85.49 (72706) (. ) .
e VO ARV > = | ' (29.23)(27.(6)

vsalvg

O Vsavg = SOEY /s
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" PARTICULATE EMISSION TEST CALLULATIONS (Cont 'd)

.7.

Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)

2 .
Qa (circular) =(°0 X ¥& (d /4>= 60 X Vg (5.454 X 107°) (d2)

144

=60 x_ 50647 (5.454 x10°3) ( __ 440 )2

"or" Qa(rectangular) = 60 X V_ (Zyjg-) = 60 X V, (L X W) 6.944 X 10 -3
= 60 X ( X ) 6.944 X 107>

Qa = 32}207 acfm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)
: Pg ] ~ 2915

Qe q=l7-64 9, 1-B,, ) (Ts_) = 17.64 (32207 ) (1- . (6S5) ( =

Qgeq = 29 L§Y dscfm
9. Emissions

, ‘ gr 9£( 13%.% ) 0500
CL = 0.0154 = 0.0154 _— = 0. r/dscf
s g Vmgeg | ™ (36,037 ) e
. Cg = 1.429 X 1074 X 5 = 1.429 X 1074 ( _0,08D6 ) = _ 115 E-G5 lb/dscf
| Er = 60 Cg Qg q = 60 ( 1LISE-C5) (20,694 ) = 14,3 lb/hr
10. Isokinetic Variation
XY ' AH
| 6oxoxv3xpsxAn_
_ (37497) ]
=100 % _L7p lo.002669( (S2.( ) + (looy ) (2927 + 7/
( 537 ) 13.6
50 x ( oo YWD ;) x (29.23 ) x (3352 ) xi0™7

= 20/8 /% ’

POLLOTION CONTROL SCIENCE, INC.




PARTICULATE EMISSION TEST CALCULATIONS

6 PLANT _ A3 ~ Cofqun bu < SOURCE/RUN [~ T—<+ DATE y(-2-43%
1. Leakage Correction for Volume Metered
vmc = Vm - (Lp-La)B = Vi - (1p-0.02)8 = ( ° )¢ -0.02) ()
43 935 £t3

2. _Volune Metered, Standard Conditions (68°F, 29.92 in.Hg)

: Phar +0\H / 13.6
Vmeq = 17.64 Y ¥ ( T = 17.64 (43928 ( hooy ) (Z92)+( 2040 )/13..

( 528 )

3. Volume Water Vapor Collected, Standard Conditiong
Impingers = Ve = 0-04707 (Ve - v;).= 0.04707 ¢ ) = scf

Silica Gel = Vwsg = 0.04797 (Wg - Wj) = 0.04707 ( 1. ) = 23000 scf
Vwgeg = Vi * VWSg = _ 23,060 scf
4. i’ercent Moisture_, By Volume
b = st 22000 L pzun
Bus = + Vi =
wsta * Vmseq (23 1066 )+(43,35% ) |

5. Molecular Weight, Stack Gas
Dry Molecular Weight, Mq = 0.440 (3CO3) + 0.320(%05) + 0.280 (3N + 3C0)

0.440 (3.2 ) + 0.320¢%2) + 0.280 ( 25.6 )
2920  1b/1b - mole

M

Percent Excess Air,%EA =

-leoo[ ( )-0.5( ) le 100
)_l 0.264( )Mo -0.5(

Mg = Mg (1-Byg) + 10.9W,) = (29.20) (1-3¥72) +18.0 (,3y)2) = 25,3/ lb/lbmole

6. Stack Gas Velocxty, Average

/T ' ?saon H/ L e )
= 85.49 (
Vsayg = 85-4%Cp - 6/AP )avg ( 2949 )(&S,3])

So0.&1( ft/s

vsavg =

[ )
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"PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

. 7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)
2 |
Qa(circular) = 0 XM (<14 /4)= 60 X Vg (5.454 X 10-3) (d@2)

144 _
=60X €0.§/ (5.454 X 10~3) ( Yd. d )2

"or" Qa(rectangular) = 60 X V (144w)' 60 X V_ (L X W) 6.944 X 10 -3

| = 60 X ( X ) 6.944 X 107
Qa= 32(§F acfm '
I

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

) )
Qg q=17-64 @, 1-B,) (?2—) = 17.64 (32/8F) (1-,34y72) ( ";(Z‘_;;f )
Oerq = /5.?39[ dscfm '
2yl 22

9. Emissions

"Mn (4570 )
CL = 0.0154 &= =0.0154 & ————— = 06d) gr/dsct
° Mg Umgeq " (43.35¢)
A
@ Cg = 1.429 X 1074 X €5 =1.429 X 1074 (_0.163) ) =232 €~ OS5 lb/dsct
Ey = 60 Cg Qg q = 60 (3.32 €-09 (15934 ) =__ 4.2 Ib/hr

10. Isokinetic Variation

100 T, E .002669 X V1. + ___ XY (bar e ):\

eoxoxvgxps,xzs.n

31

(42525
100 X @79 lo.002669( « k4.5 ) + ( (oo ) fh.2S  + 2:40
— S Sek \ 13.6

50 X ( (o0 SN[ ) X (29.(9 ) X (47075 ) x8™Y
?27.5 s
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PARTICULATE EMISS10N TEST CALCULATLIONS

6\ PLANT AR~ Cofymbees SOURCE/RUN _ /~T -~ DATE _[/-3-~£3
1. Leakage Correction for Volume Metered
Vi, = vm - (Lp-La)e = v - (Lp-0.02)8 = ( * )~( -0.02) ()
mc 1.560 ft
2. Volume Metered, Standard Conditions (68°F, 29.92 in.Hg)
Phar *Q\H / 13.6
Vg g = 17.64 Y Y ( - = 17.64 (%, 660 ) ( looyf ) 2%30)+( (95 )/13.¢
m
| . ( 53/ )
3. Volume Water Vapor Collected, Standard Conditions
Impingers = Ve = 0-04707 (Vg - vi). = 0.04707 ¢ ) = scf
Silica Gel = Vwsg=0.04797 (We - Wj) = 0.04707 ‘}157. = 2359 scf

Vugeq = Vi *+ Vwsg = 2399 scf
4. Percent Moisture, By Volume
o st _ 123597
Vst * VMses (2,399 )4(39.646)

5. Molecular Weight, Stack Gas
Dry Molecular Weight, Mg = 0.440 (%C07) + 0.320(%0;) + 0.280 (N5 + 3CO)

=,/S6Y

]

0.440 (3.7 ) + 0.320(122) + 0.280 ( 79.¢6 )
29.20  1b/1b - mole '

]

My

Percent Excess Air,%EA =

l: 302 - 0.5 %CO -lxloo ( )=0.5 ) ;Jx 100
0. _ ‘

254(%1\12)-(%02-“ y 4 Lo.2saq H -0.5(

SR g

$EA = _ : .

Mg = My (1-Byg) + 189 = (29,20) (12/50¥ ) + 18.0 (ISVY ) = 274$ 1b/1bmole

6. Stack Gas Velocity, Average

( &7/ )
' Tg

v = g85. 49c P ) = 85.49 (.7&5'6) (& \/

Savg p VA 9 PdMg f 2924 (2 y$)

G VSavg = SI.SE /s '
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A5 (-I-5- 1//3/4‘—_3,

" PARTICULATE [MISSION TEST CALLULATIONS (Cont'd)

.__ 7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)
2
Qa(circular) =(°° X™¥s (rd /4>= 60 X Vg (5.454 X 1073) (42)

144
60X S.<f 7 (5454 x10-3) (Y40 )2

"or" Qal(rectangular) = 60 X V ( 3 4w) =60 X V_ (L X W) 6.944 X 1073

| = 60 X ( X ) 6.944 X 107>
Qa = _3A, 619 acfm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

. PS ) MI)‘/

[y ¥
Queq = 2L,/ 91__ dsctm

9.. Emissions

- (1514 )
c4 = 0.0154 & =054 & ——— =_0.05 Z4 gr/dsct
= ng Vmgeq ™ (39.8495) gr/dse
‘ Cg = 1.429 x 1074 x cg = 1.429 x 104 ( _©O.058% ) = £.35 €-0C lb/dsct
By = 60 Cg Qg q = 60 (£.2580%) (21,19y ) =_ 10, Ib/hr

10. Isokinetic Variation

_ Vm , _bH
100 T, E.oozsss XVl + . XY Gbar * lB.G)]

T
60 X 0 X Vg X Pg X An

31

(%, £¢0) '
100 X (7( 10.002669¢ (ST ) + EL ( foof ) (2930 + LT
- 13.6

0 x ( 00 TN, ST) x (2924) X B.356)%/0°
28.0 1
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PARTICULATE FMISSION TEST CALCULATIONS

(\ PLANT Qm)\m.uw'\_ ~ Blu.n.t_}\- SQURCE/RUN =~ | -Q -1 DATE || /] [§3
1. Leakage Correction for Volume Metered
Vmc‘-'vm— (I-P'La)e=Vm_ (1{)‘0-02)6= ( )_( "0-02) ( )

Vime = ___56.061 £t

2. Volume Metered, Standard Conditions (68°F, 29.92 in.Hg)

Phar +Q\H / 13.6
< T _ = 17.64 (56.061)(0.999) 453)+(2.43 )/13.¢

m
( 549 )

Ving,q = 1764 Uy ¥

/

= 4,352
3. Volume Water Vapor Collected, Standard Conditions
: v
Impingers = V. = 0.04707 (Vg - V;). = 0.04707 (530.6") = 24.975 scf .
Silica Gel = Vygg=0.04797 (Wg - W;) = 0.04707 ({4.4” ) = 0.923 scf
Vwgeq = Vo + Vusg = _25. 8957 scf
4.  Percent Moisture, By Volume
, ' : v
L Vug, ) ( 25.8399) -0 323/
Bug = v, + Vm - W] A :
h Ystd std (25.299)+( 5¢.352)

5. Molecular Weight, Stack Gas :
Dry Molecular Weight, Mg = 0.440 (3C0) + 0.320(30;) + 0.280 (3N + 3C0)

0.440 (2.8 ) + 0.320(479) + 0.280 ( 79.3 )

]

Mg 29. IC,/ 1b/1b - mole

Percent Excess Air,%FA =

30 - 0.5 %0 __ -|xmo[ ( )=0.5 ) ]xloo
0.264 (N2 (30~ gt ) 0.264( ) ~0.5( |

$EA =

Mg = My (1-Byg) + lsﬂ-,) = (2946 )(1-0.323) + 18.0 (0.323) = 25,56 lb/lb-mole

6. Stack Gas Velocity, Average

- ol y ( 20Y)
- gs. S = 85.49 (0.%Y)(0.113)
Vsavg = 85:4%p /AP avg PeMs ‘9 (29.51") ( 25.56Y

46427 fr/s

R

VSavg h
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PARTICULATE EMISSION TEST CALCULATIONS (Cont.'d)

7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)

_/60 X-¥e (1 a2/4\ |
TR

Qa (circular) 60 X Vs (5.454 X 107%) (@2) ({o5- F)

=60 X 4G 42’ (5.454 X 10-3) ( ©§ (o.541)
"or" Qa(rectangular) = 60 X V ( 144"") = 60 X V_ (L X W) 6.944 X 1073
= 60 X ( X ) 6.944 % 1073
/
Qa=_ 36,199

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

10.

P,;
= - — ) = - 22.51
Qstd 17.64 Qa(l Bws) (Ts = 17.64 (36,!‘35) (1 0._3.'13 ) ( Y )
= v
Qstd 20 S 74 Y _dscfm
Bnissions
( 4us.5 )
cs = 0.0154 2= =0.0154 & — "~ = 0.126a" gr/dscf
g Vmgeg N ( 8§4.38a) -~ — /
Cg = 1.429 X 1074 X C§ = 1.429 X 10~4 ( 0,1a6a ) = 1.30 € -05 lb/dsct
Er = 60 Cg Qg 4 = 60 (L¥OE-05) (20 574 ) = 22,37 b/
Isckinetic Variation
OH

31

xy(bar

100 T E 002669 X Vig ¥ ——

13.6

#0)

<-3ox'oxvsxps,,xza.n

( 96.061

]

1100 X G20 E.002669( S550.a) +( Fm

60 X ( 5.3 TR v ) X (29.51) X (

105.{.‘/ 3

Il

)
(0,99 ) 29.53 + 2-43
) 13.6

)
4974 g-04

chuled ofofss
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PARTICULATE EMISS10t TEST CALCULATIONS

(M pant _Ombeusen - Bupeh  source/nun 1-6-2 DATE 17 /3

1. Leakage Correction for Volume Metered

Ve = Vm = (Lp-La)8 = V, - (Lp-0.02)8 = ( )= =-0.02) ( )
Vpe = __50.5§5 £t |

2. Volume Metered, Standard Corditions (68°F, 29.92 in.Hg)

Phar HAH / 13.6)

Vmstd 17.64 %Y ( 5 = 17.64 (50.59.5)(0-"‘!9 )(Qq-qG)*'( 1.9 2 }/13.¢

m B
y ( 537 )
Vg = _49.694"  dsct _
3. Volume Water Vapor Collected, Standard Conditions /
Impingers = V. = 0.04707 (Vg - V) .= 0.04707 ( 4960 ) = 23.397 5cf
Silica Gel = Vg, =0.04797 (Wg - Wi) = 0.04707 ( 20,7 ) = 0.97¢ scf
= - J - . —
Vg = Vet szg =  24.321" scf
4. Percent Moisture, By Volume -
‘ . J
P ( R4.321 )
: 4 = _0.3237

By, = =
h | TWg sztd + Vmstd (;q,g,ﬂ/)ﬂ 49.69y )

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My = 0.440 (300;) + 0.320(%07) + 0.280 (3N, + %CO)

0.440 (3.3 ) + 0.320(7.%) + 0.280 (7.9 )

M = 29.2X7  1lb/1b - mole
Percent_ Excess Air,%EA =
_ 302 - 0.5_%CO '-|x100 [ ( )=0.5( ) ]x 100
0.264 (2N7)+($0,— DA _I 0.264( . ) -0.5( '
REA = X o
21,27 / ¢

Mg = Mg (1-Byg) + 1. 0WEE, _ (25-54) (1- 0.329) + 18.0 (0.329) = I5.5Y 1b/lbmole

6. Stack Gas Velocity, Average

( 6ar )
Ts =
Vs. = 85.49c, /AP )a = 85.49 (0.94) (0.477)
vy "3 2 7 VR ' (29.4¢ ) (25.5%)

r\ vsavg = yy . 23 _ ft/s

POLLUTION CONTROL SCIENCE, INC.



" PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

7. Stack Volumetric Flow Rate, Actual Conditions (Stack Tamperature and Pressure)
2 - ---_—_.__
0a (circular) =C° X¥s (1 d /4>= 60 X Vg (5.454 X 107°) (d2) @05 F)

LTI
=50 x _ 44.2%7 (5.454 x 1073 ( _ 66 12 (0.547)
L X W ~3 -
"or" Qa(rectangular) = 60 X V_{—=37—) =60 XV_ (L XW 6.944 X 10
s \ 144 S .
= 60 X ( X ) 6.944 X 107

Rt
Qa = 234 5660 acfm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

Q0 (ps ) 17.64 il 1 a%.44
Qstd—l7.64 a( ;’BWS) ",175— = .6 3 , &0 ) (1-0.2a% ) Y ) .

Qseq = ‘q.354 dscfm
9. Bmissions

Mn ' (312.6 ) - o
‘¢4 = 0.0154 I& =0.0154 L — = 5.0969 _ gr/dscf,
° Trg mgeg ™ (49,634 ) - y
Cg = 1.429 X 1074 X C& = 1.429 X 1074 ( _0.0%69__ ) = _[.3% E-05 lb/dscf
By = 60 Cg Qgpyq = 60 (138 €-05) ( 19, 35%) = __1¢.17  1b/hr

10. Isckinetic Variation

Vim _aH
100 T E.oozsss X Vi + XY Gb‘“ + —13-*-,;—):‘

Tm
60 X 0 X Vg X Pg X By

31

]

n

( S50.585)
100 X _G& 0.002669( 516.7 ) + —— (0.999 )(29.4¢ + _192
‘ ( 531 ) ( 13.6

60 X ( ¢5.3 SR 23> ) X ( 29.949 ) X (

491y E)-O‘{

M u/z‘l/ﬁ%

7
0a. %
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PARTICULATE FMISSION TEST CALCULATIONS

('\ PLANT OJHJL&UAUL ‘ﬂuﬂd\. SOURCE/RUN [-0-3 DATE 1({ 2 {23

1. Leakage Correction for Volume Metered

Vme = Vm - (Lp-La)8 = - (Lp—o 02)8 = ( )= ( ~0.02) ( )
Ve = 45.%960 ft3

it

2. Volume Metered, Standard Corditions (68°F, 29.92 in.Hg)

Phar *O\H / 13.6
Vmgpq = 1764 Ypo Y < T = 17.64 (Y5.960)( 0.999 )(""-29)+( let )/13.¢€

/ " ( 535 )
4Y 424 Y dscf

Vingg = |
3. Volume Water Vapor Collected, Standard Conditions ,
Impingers = V.. = 0.04707 (Vg - V;) .= 0.04707 ( 1R5.0) = 9.179/scf
Silica Gel = Vwsg = 0-04797 (Wg - Wy) = 0.04707 { [1.§) = 0.559 scf

sztd = VV\R‘.': + VWSg = g. 135 scf

4. Percent Moisture, By Volume

Vg (410 ) oo
By. = = = ag.t '
S Vwgeg ¥ Vmgg (A.13% ) +(%4.92Y)

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My

0.440 (3COz) + 0.320(307) + 0.280 (3N, + ¥CO)

0440(!3)+0320(HP)+0280(79°! )

Mg 29.00____ lb/lb - mle

Percent Excess Air,3%FA =

%02 - 0.5 %CO —Ixmo [ ( )=0.5( ) :Jx 100
0. 264 (N2(20, gl ) | 0.264 ( at ~0.5( |

$EA =

=My (1-Byg) + 169P) = (29.00)(1-0.120) + 18.0 (0./1#0) = 27.03 lb/lb-mole

6. Stack Gas Velocity, Average ‘

( 59¢ )
Ts .
85.49C, /AP )a = 85.49 (0.94 )(o.voq/
p VA IRV == - (a%.27) (2762 )

Vsavg

D0. 1A ft/s

VsElvg =

POLLUTION CONTROL SCIENCE, INC.



" PARTICULATE FMISSION TEST CAICULATIONS (Cont.'d)

(\ 7. Stack Volunctric Flow Rate, Actual Conditions (Stack Temperature ard Pressure)

2 }
Qa (circular) =f°°0 X Vs (4d /“D= 60 X Vg (5.454 X 1077) (d2)

144 | |
=50 x _ 5002 7 (5454 x107%) (__ L6 )? (g547)

"or" Qa(rectangular) = 60 X V ( 144w) =60 X V_ (LXW 6.944 X 10 -3

= 60 X ( X ) 6.944 X.1073
Qa = 3908( acfm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

pS
= - e = - .39.‘17
Q. q=17-64 Q_ (1-8,.) <Ts 17.64 (39,021) (1-Q.180) ( 59¢ )
Qg = 27,762 dscfm
9. BEmissions
: gr M gr ( 314 ) ' |
. Cg = 0.0154 == = 0.0154 — = 0.0\ r/dscf
I Cg=1.429 X 1074 X C4 = 1.429 X 1074 ( _0.0130 ) = .85 €-06 lb/dscE
Ep = 60 Cg Qg q = 60 (L®5E-0¢) (27,72 ) = _3.| lb/hr

10. Isokinetic Variation

100 T, [002669 XV, + XY (bar 13. 6)]

60xoxvg,xp_.,,xz\n

1

: (45.760) :
100 X 59¢  |0.002669( 206.83 ) + ——— ( 0.999)( 2139+ [ .61
. ( 535 ) 13.6

d2a) X (%27 ) X ) .
3..27#_5-0q

60 X ( ¢5.3

Y- SR

POLLUTION CONTROL SCIENCE, INC.




PARTICULATE EMISSION TEST CALCULATIONS

M eeawr_ (houpen - Bupeh, source/rn T -0 - 4 DATE _1/.3-33

——

1. Leakage Correction for Volume Metered

Vmc = 34.ad!( ft '

w i

2. Volume Metered, Standard Conditions (68°F, 29.92 in.Hg)

Ppar +O\H / 13.6 |
Vmstd 17.64 \hCY < Tm = 17.64 (50.281)(0.999 ) ( QQ.Q.S)"'(.?.OQ )/13.6

( 52y )

3. Volume Water Vapor Collected, Standard Conditions
Impingers = V__ = 0.04707 (V¢ - V{).= 0.04707 ( 48%.5) = 22.994 scf

we
Silica Gel = Viygy=0.04797 (Wg = Wj) = 0.04707 ( 19.3) = .86/ scf

Vgtq = Vi + Vaisg = _23.855 scf
4. Percvent Moisture, By Volume
_ sztd ' L . (33.?55 )
Bus = Voo + Vig =
(\‘ std std (23.855)+( 49.142) |

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My

=_0.32Y

0.440 (3007) + 0.320(302) + 0.280 (8N, + 3C0)

10.440 (A2 )+ 0.320015) + 0.280 ( 19.7 )

Mg A9.15 /b - mole

Percent Excess Air,3%EA =

0.264(%N2H%02“ ) _l 10.264( Ao -0.5( - : ,
3EA = L

Mg = My (1-Byg) + L6WWNR,) = (39.15) (1- 0.33Y) + 18.0 (0.334) = 2554 1b/1b-mole

6. Stack Gas Velocity, Average

‘ ( &19 )
Tg . -
Vs. = 85.49C, &/AP' )a IS ' < 85.49 (0.94) (0.630)

Savg p VA 9/ P \/(Aq.a,a)(.as.sv )

POLLUTION CONTROL SCIENCE. INC.




. PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)
i 2
Qa (circular) =<6° XVs. («d /4D= 60 X Vg (5.454 X 1077) (d2)

144
=50 X 45037 (5.454 x 1073) ( _ GG )2 (o.5q7>

mor" Oa(rectangular) = 60 X V ( 144“9 60 X V_ (L X W) 6.944 X 10 -3

= 60 X ( X ) 6.944 X 1073

Qa=_33 155 acm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in.. Hg)

Pq ,
_ _ s\ | _ 29.23
Qstd—l7.64 Qa(l B, (Ts ) 17.64 (33, 155) (1'0. 32¢) )

Y-
Qg = 19,839  dscfm

9. PBmissions

| ( 35¢.7 )
c4 = 0.0154 L= ~0.0154 % ———— = 0/1D5 gr/dscE
o Vmgey moyqTa )
Cg = 1.429 X 1074 X €5 = 1.429 X 1074 ¢ 0.'05 ) = |.53E-0O5 lb/dsct
Ey = 60 Cg Qg q = 60 (1.5% E-03) (19,838 ) = 1.2 1b/hr

10. Isokinetic Variation

100 T_ E 002669 X Vi + —_ XY (bar 036 )]

«soxoxvsxp_.,,xzsn

EA S

( 50.281)
100 X G'!9 [0.002669( S0G.3 ) + — (0.229 ) [ 29.25 + A-02
(Say ) 13.6

60 X ( 5> Wil ) X (29.23 ) X

160.8 3

y
4YFT1Y4E -0Y
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PARTICULATE EMISSIOLN TEST CALCULATIONS

O pravt _ Ombasgan,. Buseh source/mon 1-00-5 DATE (/-3

————

1. Leakage Correction for Volume Metered
Vg = Vi = (Lp-La)® = Vi - (Lp-0.02)6 = | )= -0.02) ( )
Ve = _ 46,386 £t3

2. Volume Metered, Standard Corditions (68°F, 29.92 in.Hg)

Phar t0\H / 13.6
vmstd 17.64 Y. ( 7

m

3. Volume Water Vapor Collected, Standard Conditions
Impingers = Vm = 0.04707 Vg - Vi) = 0.04707 ¢ lq3.5)
Silica Gel = Vigy=0.04797 (Wg ~ Wy) = 0.04707 ( 17, ) )
Vwgeg = V. + szg = 9.943  scf
4. Percent Moisture, By Volume
sztd _ (9.9:13 )

&N — = = Oal7¢{
© Teea * Vs (qqus )+(47.035)

5. Molecular Weight, Stack Gas
Dry Molecular wWeight, Mg = 0.440 (3C07) + 0.320(%07) + 0.280 (¥Ny + 3C0)

) = 17.64 (44.9%¢) (O'qqq)(ﬂ‘?}O)"-( 1.70 ) /13.¢
( S8 )

F.108 scf

0. 3QS scf

It

0.440 ( 1.O ) + 0.320(209 + 0.280 ( 29.0 )

M = A%.96  1lb/1b - mole
Percent Excess Air,%EA =
302 - 0.5 %CO -]xloo )=0.5( ) ]x 100
0. 264(%N2H%02'“ ) _l 0.264( -0.5¢(
$EA = '

= Mg (L-Byg) + 1”5) = (3%.96)(1-0.179) +18.0 (0.074) = 27,65 lb/Ibmole

6. Stack Gas Velocity, Average

( 830 )
'r
vsavg 85.49c, (/AP )avg = 85.49 (o0. 94)(093:{)/

(99.22)(27.05)
(\ Vsayg SLYY  tess
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PARTICULATE EMISSION TEST CALCULATIONS (Cont'd)

(\ 7. Stack Volumetric Flow Rate, Actual Conditions (Stack Temperature and Pressure)

2
qa (circular) =00 XVs (T A%4N, 60 x vg (5.454 X 107 (@2)
144
=60 X SLYY (5.454 X 1073) ( b 2 (o,sq-z)

"or" Qa(rectangular) = 60 X V (144“’) = 60 X V_ (L X W) 6.944 X 10 -3

= 60 X ( X ) 6.944 X 1073

ga=_HO I  actm

8. sStack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

pS
_ ) B _ 49.28
Qe q=t7-64 9, 0B, (Ts') 17.64 (4g 2 ) (1-0.179 ) =55 )

Qst ac° ;zq,, Q0S5 dscfm

9, Emissions

Mn ¢ 32,
cg = 0.0154 - —oousa 8 222 - 0.01bk  gr/dsct
mg Vg g M ( 47.035 )
— Cq = 1.429 X 1074 X € = 1.429 X 1074 (_0.0(0C ) = 1,51 E-0¢ _ lb/dscE
£, = 60 Cg Ogpq = 60 (1.51€:06) (29,005 ) =__ 2.3 b/t

10. Isokinetic Variation

X Y AH

6ox'oxv_.,,x1=.5xitsn

51

( 81§ ) 13.6
60 X ( LS. 6. YY) X (AT-”F) X ( )
S - Y, 3274 04

98,6

(46a%6)
100 X S0 [0.002669(L10. 6 ) + — ( ®.99% )(aq_w + \.'zo)l

—
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APPENDIX D
Statement of Process Rate
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ANHEUSER-BUSCH COMPANIES

November 30, 1983

Mr. Craig R. Jones

Manager, Air Sampling Sources
Pollution Control Science, Inc.
6015 Manning Road

Miamisburg, OH 45342

Dear Mr, Jones:'

Enclosed is a signed Statement of Process Rate for the November dryer
tests at the Columbus brewery. Please include this Statement in the
emission test report that Yyou are preparing.

If you have any questions concerning this item, please call me. Otherwise,
I will be calling you after I have received and reviewed the "draft"
test report.

Yours truly,
§§$ﬁAJU§P“\j§j\§;Qh
Donald M. DeHart
Senior Environmental

Engineer

DMD/bkb

Ene. -
e

Anheusar-Busch Comparnies, Irr,
Exacutive Otfices

Cne Busch Place

St Louis MOIIS A 671 18
Telrx 447 117 ANBUSCH RT1.
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ANALYTICAL RESULTS OF PRODUCT SAMPLES

Sample# Location % Solids Sample# Location % Solids

1 Dryer Inlet 34.3 : 16 Dryer Inlet 34.7
2 Dryer Outlet 95.8 | 17 Dryer OQutlet 94.1
3 Wet Feed 24.9 18 Wet Feed 21.5
4 Dryer Inlet 33.7 19 Dryer Inlet 35.1
5 Dryer Outlet 95.3 20 Dryer Outlet 95.7
6 ‘Wet Feed 33.7 21 Wet Feed 25.9
7 Dryer Inlet 36.2 22 Dryer Inlet N.R.
8 Dryer OQutlet 95.8 23 Dryer Outlet N.R,
9 Wet Feed 23.6 24 Wet Feed N.R.
10 Dryer Inlet 33.9 : : 25 Dryer Inlet 39.1
11 Dryer Outlet 96.4 26 Dryer outlet 96.5
12 Wet Feed 22.3 27 Wet Feed 25.6
13 Dryer Inlet 42.7 28 Dryer Inlet 44.9
14 Dryer Outlet 95.4 29 Dryer OQutlet 95.5
15 Wet Feed 22.3 30 Wet Feed 24.1

Y

e
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APPENDIX E

CALIBRATION PROCEDURES AND RESULTS

)
4
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The equipment used in this test series was calibrated according
to the prpcedures out;ined in Maintenance, Calibration, and
Operation of Isokinetic Source-5ampling Equipment.:

—bdgaiiit

The nozzles were calibrated on-site by making three separate
measurements along different inside diameters and calculating
the average. A dial caliper having 0.001" graduations was used
for measuring. If a deviation of more than 0.002 inches was
found the nozzle was reamed out and remeasured.

Dry Gas Meter and Orifice Meter

Figure E-1 was the set-up used for the initial and post-test
calibration. A calibrated dry test meter with a 3.6 feet-per-
minute capacity and ¥ 1 percent accuracy was used as a reference
meter in the calibration of meters used in field testing. The
information on the calibration sheet was gathered for the initial
calibration and then, the ratio of accuracy of the reference

test meter to the dry test meter, and the AHR were calculated.

Pogt-Test Meter Calibration Check

A post-test meter calibration check was made on the meter box
used during the test series to check its accuracy against its
last calibration check. This post-test calibration must be
within ¥ 5 percent of the initial calibration. The post-test
calibration was performed using the same method as the injtial
calibration. Three calibration runs were made using the average
orifice setting obtained during each test run and with the
vacuum set at the maximum value obtained during the test series.
After running the post-test calibration check all three runs

were within the ¥ 5 percent range allowed by the Federal Register.2

The initial and post-test meter box calibration data are attached.

1 Office of Air Programs Publication No. APTD-0576

2 Federal R“Vol. 42, No. 160, August 18, 1977

POLLUTION CONTROL SCIENCE, INC.
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APPENDIX F
Cyclonic Flow Test Methods

POLLUTION CONTROL SCIENCE, INC.
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Abstract

This paper presents a method for particulate sampling in
stacks with cyclonic flow. Specific procedures and quantita-
tive adjustments to sampling parameters are described. Sam-
Pling is performed isokinetically with the nozzle and pitot
tubes aligned parallel to the direction of flow and with sam-
Pling time at each pPoint weighted by the cosine of the flow
angle at that point. The method is specifically applicable
to particles with tangential velocity components without con=-
sideration of radial velocity components. Comments are made
concerning the behavior of particles with radial velocity com-
ponents as applicable to the accuracy of this method.
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Introduction

Accurate sampling results cannot be obtained with conventional
sampling procedures from stacks with severe cyclonic flow,
i.e. flow with tangential velocity components. Cyclonic flow
may exist after cyclones, tangential stack inlets, or other
configurations that tend to induce swirling.

Several papers have been written describing and evaluating
various procedures for sampling cyclonic flow. - This paper
presents a method that is currently being used by the Texas
Air Control Board staff. One inherent characteristic of this
method is that adjustments to the nozzle and pitot tube posi-
tion are made for tangential velocity components (yaw) but no
adjustments for radial velocity components (pitch) are made.
This fact and its possible effect on the accuracy of the meth-
od are discussed.

The generally accepted criteria for acceptable flow conditio
for staik sampling requires that the direction of flow be
Wwithin ¥ 100 of the stack axis. If the flow direction is ou
side this range, special sampling procedures are needed to
obtain unbiased results. The angle between the longitudinal
axis of the stack and the plane of the pitot tubes when
aligned parallel to the flow direction is referred to as the
flow angle. It has the same magnitude as the angle between a
plane perpendicular to the stack axis and the plane of the
pitot tubes at the null (zero manometer reading) position.

The basic attempt of this paper is to describe the method as
applicable to.determination of pollutant mass flow rates.

This requires determination of pollutant concentration as well
as volume flow rate. The procedure is not as complex if only
pollutant concentration is needed.

Particulate Sampling

A particulam sample must be extracted isokinetically at

each sampling point, and the volume extracted must be propor-
tional to the stack exit volume from each area increment.

If particulate sampling is performed with the nozzle and pitot
tubes in any position other than parallel to the flow stream,
various sources of bias are introduced. Distortions of nozzle
area and variations of pitot tube reading with flow angles
other than zero are sources of bias.l The method presented is
offered as a procedure to reduce biasing effects.

IV-5
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The volume extracted at a sampling point may be expressed as

[

Vp = (An) (vn) (t) (1)
where:
Vn = Nozzle volume extracted at the point
An = Area of the nozzle
Vn = Nozzle velocity at the point
t = Sampling time at the point

Varying nozzle area (Ap) from point to point is not feasable,

and nozzle velocity must be equal to the velocity of the flow

stream. Therefore, sampling time at each point must be

adjusted so that the volume extracted at each sampling point

is proportional to the stack exit volume from each area incre-

ment. This is accomplished by weighting the sampling time at

each point according to the vertical component of velocity at -
that point (cosine of the flow angle) . . !

Suggested Procedure

Sampling parameters for cyclonic flow sampling are set up in
the same manner as for non—cyclonic flow. Preliminary velocit¥. -
traverse readings are taken with the pitot tubes aligned paral- ’
lel to the flow at each sampling point. The direction of flow (;'
at each point is determined by locating the null position of
the pitot tubes (zero manometer reading) and then rotating the
pitot tubes 90° to obtain velocity measurements. The flow ]
angle at each sampling point is recorded during the preliminary A
velocity traverse.

Isokinetic sampling is performed at each sampling point in the
normal manner except with the nozzle and pitot tubes aligned
parallel to the flow and with sampling time weighted according .
to the cosine of the flow angle at each point. This may be
accomplished by selecting a basic sampling time for each point
which may be multiplied by the cosine of the previously mea-
sured flow aw each point. Inspection of the planned
sampling time 2cessary to insure ‘that total sampling time
and volume are sufficient, and that the shortest sampling time
is long enough for accurate measurement and recording. ’

Calculations N ) ' ‘

Emission calculations on a concentration basis are l
C = M/V (2)

where: '

' Particulate concentration u
Mass of particulate caught '
Volume of gas extracted

<z0
nonon
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Consider a particle in a stack with a vertical velocity compo-
nent, v, a tangential velocity component, v¢, and a radial
velocity component, vy, at a distance R from the center of the
stack. : :

The radial acceleration (Ay) of the particle due to centrifu-
gal effects of vy is

Ap = v¢2/R (4)
If the particle starts from rest at the center of the stack

(most restrictive case) and accelerates at Ay, the time (t)
required to reach the position, R distance from the center, is

t = R/(¥vy) (5)

and v = (Ap) (t) (6)

U

Substituting (4) and (5) into (6)
vr = (Vg2/R) (R/}vy)
Simplifying vr2 = 2 vy _ (7)
At the initial occurence of cyclonic flow (flow 10° from axial)
ve/v = tan 10°
or Vg = Vv tan 109 (8)
Substituting (8) into (7)
ve2 = vZ(2 tan? 10°)
or Ve = (0.25)v (9)

which shows that at the smallest flow angle at which cyclonic
flow exists, WHJ§ial velocity of a particle is one fourth
the vertical velocity. Therefore, if the sampling ports are
at least two diameters from the entrance to the stack, the
particle will r the stack wall before reaching the ports
because it will vel half a diameter in a radial direction
while it travels two diameters in a vertical direction. If
the particle reaches the stack wall before reaching the ports,
no radial component of velocity is possible, and no pitch
adjustment of the probe is necessary. This is. substantiated
by the cyclonic flow work described by Phoenix and Grove.

"Two 24-point traverses were chosen but, in most cases, points
1, 2, 23, and 24 were not sampled because of an excessive
amount of particulate and water droplets at the wall". If the
average flow angle in the stack is greater than 109, the par-
ticle reaches the stack wall before travelling two diameters

IV-8
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vertically. If the average flow angle in the stack is less
than 109, sampling is performed in the normal manner with no
- adjustments necessary.
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