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CONSULTING TNGINEERS  PLANNERS - SURVEYORS
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345 NORTH WYOMISSING BOULEVARD
P, O BOX 70
WYOMISSING, PENNSYLVANIA 19810

{(216) 376 6541 June 9’ 1976

Mr. Charles S. Mowbray

Department of Environmental Resources ,
16 Angelica Street

Reading, Pennsylvania 19611

Dear Sir:

On April 30, 1976, an efficlency teat was performed on the American Air
Filter Roto-Clone which controls eulssions fromvarious sources (o _the grid
casting and small rts areas a _gﬁggal Battery Corporation, Hamburg,

Pennsylvania.

Enclosed are two copiea of the Report of the testing which

shows that particulate emissions from the unit during the tesat period were
0.930 pounds per hour or 0.0026 gralns per dry standard cubic foot. This
value 18 well below the allowable particulate concentratian of 0.04 graias
per dry standard cubic foot.

Lead emisslons were shown to be 0.285 pounds per hour. The particulate re-
moval efficiency was determined to be 31.6%; the lead removal cfficiency

during the test period was 2.1%.

]

If you have any questions concerning the testing or the conteats of the o\gg
Report, please call this office. éb
Very truly yours, /,1/
, i
Remelod C. Tkl \\4/
RONALD C. FULTON () \qJ
Project Engineer kkv .
RCF:dd ! '/V
Enclosures: Two coples of Report /
cc: Mr. Michael Capozzi /4/7 g \ch
General Battery Corporation \/7
File: 1014-001 : O \\O/
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Testing conducted April 30, 1976 by:

Daniel G. Dellicker
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David W. Wolfe

Report prepared by:

Ronald €. Fulton
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REPORT
OF
EFFICIENCY TESTING
Ol
AMERICAN AIR FILTER ROTO-CLONE

GENERAL BATTERY CORPORATION
HAMBURG, PENNSYLVANIA -

INTRODUCTION

In order to show compliance with the provision of Chapter 123.13
of the Rules and Regulations of the Department of Environmental
Resources, to determine the efficlency of operation and to deter-
mine the amount of lead emissions, stack tests were performed
simultaneously at the inlet and outlet of the American Air Filter
Roto-Clone which controls the emissions from the grid casting
area at General Battery Corporation, Hamburg, Pennsylvania. The
teats were conducted in accordance with the provisions of Chapter
139 of the Rules and Regulations.

SUMMARY

On April 30, 1976, tests were taken simultaneously at the inlet
and outlet of the recently installed American Air Filter Roto~Clone.
The emission test taken at the outlet showed a particulate con-
centration of 0.0026 grains per dry standard cubic foot. This
concentration is well within the Department of Environmental Re-
sources standard of 0.04 grains of particulaté per dry standard
cubic foot. A comparison of particulate concentrations at the
inlet and outlet of the Roto-Clone showed that the unit was opera-
ting at an efficiency of 31.6%. The lead emission rate was

found to be 0.285 pounds per hour and the Roto-Clone efficiency
was 2.1% with respect to lead reduction in the 'emissions.

PERTINENT STANDARDS

Under Commonwealth of Pennsylvania, Title 25 - Rules and Regulations,
Part I - Department of Environmental Resources, Subpart C, Article
111, Chapter 123.13 (c) (1), the maximum concentration of particulate
matter emissions from the grid casting operation is "0.04 grains

per dry standard cubic foot...'.

SAMPLING AND ANALYTICAL PROCEDURES

The emission testing was performed by methods similar to those
outlined in the Code of Federal Regulatione, Title 40, Chapter I,
Subchapter C, Part 60, Appendix A, Method 5 - Determination of
Particulate Emissions from Stationary Sources. The sampling
trains used in these tests are shown schematically in Figure 1 of
the Appendix. The main constituents of each sampling train were:

SPOTTS. STEVENS arnd McCOY, inc.




Nozzle - stainless steel with sharp, tapered, leading edge;
tip was 3/16" diameter at the inlet, 1/8" diameter at the

outlet.

Yrobe ~ sheathed steinless steel, with heating system to
keep the sample gases above the dew point.

Pitot Tube - S-type, attached to probe and inclined mano-
meter in order to monitor stack gas velocity at sampling
point.

Tewperature Indicator - thermocouple wire attached to probe
to monitor atack temperature at the traverse point.

Filter Holder ~ pyrex glass filter holder, located in heated
area. Fllters used were flash-fired, glasa fiber, RAC #2343~
SC7-4, four inch (4") diameter with (.3 micron retention.

Impingers ~ four (4) Greenburg-Smith impingers connected in
serjes with glass ball joint fittings. The firat, third
and fourth impingers were modified by replacing the tip
with a one-half inch (1/2") 1.d. glaes tube extending to
one-half inch (1/2") from the bottom of the bottle. The
first and second impingers contained 100 ml. each of dia-
tilled water and the third impinger was dry at the start

of eampling. The fourth impinger contained approximately
200 grams of pre-weighed silica gel.

Metering System - vacuum gauge, leakless pump, thermometers
capable of measuring temperatures to within 5°F, calibrated
dry gas weter with two percent (2X) accuracy and calibrated
orifice meter - all necessary equipment needed to maintain
isokinetic sampling rates and determine sample volume.

The inlet duct to the American Air Filter Roto-Clone is square
and measures forty inches (40") on each side. Since this duct is
aquare, the equivalent diameter is also forty inchea. Due to the
fact that the last branch of inlet duct enterxs the wain .duct run
sevaral inches before the main inlet duct enters the Roto-Clone,
the sampling ports could only be located immediately before the
Roto-Clone inlet. Pigure 2 of the Appendix shows the location
of tha five sampling ports along the vertical side of the duct.

Forty (40) traverse points in the duct cross-section were sampled,
eight (8) }n each of the five {5} ports. The distance from the
inside wall of the duct to each traverse point was as follows:

Traverse Point 1 2-1/2"
2 7-1/2"
3 12-1/2"
4 17-1/2"
5 22-1/2"
6 27-1/2"
7 32-1/2"
8 37-1/2"

-
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Each inlet traverse point was sampled for four (4) minutes, for

a total eampling time of one hundred sixty (160) minutes. Read-
ings of sampling train operational data were taken at each four

(4) minute interval. After each set of readings, the sampling

rate was rapidly adjusted to isokinetic conditions.

The exhaust duct from the Roto-Clone meassures forty inches (40")
in diameter and cxtends for 17'-3" of straight run between the
fan outlet transition and the polnt of atmdspheric discharge.
Two (2) sampling ports (90° apart) are located seventy-ecight
inches (78") (1.95 diameters) downstream from the fan outlet
transition and one hundred twenty-nine inches (129") (J3.23
diameters) upstrcam from the point of atmoaspheric discharge
(see Figure 1 of the Appendix). Therefore, It was decided to
sample a total of forty (40) traverse points in the duct cross-
section, twenty (20) points on each of two (2) diameters {90°
apart}. The distance from the inside wall of the stack to
each traverse point was as follows:

Traverse Polint 1 1/2" (sampled at 1')
2 1-1/2¢
3 2-5/8"
4 3-7/8"
5 5-1/8"
6 6-5/8"
7 g-1/8"
8 10"
9 12-1/4"
10 15-1/2"
i1 24-1/2"
12 27-3/4"
13 o
14 31-7/8"
15 33-3/8"
16 34-7/8"
17 36-1/8"
18 37-3/8"
19 38-1/2"
20 39-1/2" (sampled at 39'")

Each outlet traverse poilnt was sampled for four {(4) minutes, for

a total sampling time of one hundred sixty minutes. The sampling
times coincided with those times that air from the inlet wos being
sampled. Readings of sampling train operatlonal data were taken
at each four (4) minute 1Interval. After each pet of readings,
the sanpling rate was rapidly adjusted to isokinetic conditions.

After sampling, the glass fiber filtera from both the inlet and
the outlet tests were desiccated to remove any molsture and then
weighed to determine the final weights. The difference between
the final welghts and the initial weights was the amount of par-
ticulate collected on the Filters during the tests. The filters

BROT TS STEVEMNS and McCOY, Inc.
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were then digested in nitric acid and the sample analyzed by an
atomic absorption unit to determine the amount of lead in the

samples.

The liquid volumes from the inlet and outlet tests were collected
from the nozzles, probes and cyclome vinses, and the contents

and washings from the first, second, snd third lmpingers and were
passed through membrane filters, 0.45 micromw pore size, to collect
and determine the welght of the insoluble particulate matter in
each sample. After passing through the membrsne filters, the
aqueous portions were processed down to dryness to determine the
weight of the remaining residue (soluble portion). At this point,
nitric acild was added to the collected material (both the soluble
and insoluble) and the samples analyzed for lead content by the
atomic absorption unit. At this stage, the following were analyzed
separdately:

a) Nozzle, probe and cyclone rinses,

b) Contents and washings from the first impinger.
¢) Contents and washings from the second impinger.
d) Contents and washings from the third impinger.

Bernville Biologlcal Laboratory, Bernville, Pennsylvania performed
all che laboratory analyses of the samples.

DISCUSSION OF RESULTS

A total of 11.1 oy of particulate matter was collected in the outlet
sampling train during the 160 minute test duration. Of this total,
3.4 wg was deteruwined to be lead.

The particulate mass emission rate aS the outlet was 0.930 1b./hr.,
or a concentration of 0.0026 gr/sft.”. The allowable concentration
of particulate matter that can be emitted through this system is
0.04 grains per dry standard cubic foot. Therefore, this source
has been shown to be operating in compliance with the emission
requirements of Chapter 123 of the Rules and Regulations of the
Department of Environmental Resources.

The amount of lead emissions from this system during the test
period was 0.285 1b./hr.

Based on the inlet loading of 1.359 1lb./hr. of particualte matter
and 0.291 1b./hr. of lead, the American Air Filter Roto-Clone was
fourld to be 31.6% efficient in reducing the particulate matter

in the process emissions, and 2.1X efficlent in the reduction of
the lead content.
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NOMENCLATURE

Cross-sectional area of sampling nozzle tip, ft.2

Cross-sectional area of stack, ft.z.
Proportion by volumé of water vapor in the gas stream, dimensionles

Pitot tube coefficient, dimensionless.

Concentration of particulate matter in atack gas, gr./aft.3
{dry basis).

Efficiency of particulate matter‘removal, %.

Efficiency of lead removal, Z.

Pressure drop across the orifice meter,in. Hj0.

Orifice pressure differential that gives a flow rate of 0.75
ft.3/min. of dry air at a temperature of 530°H and & pressure
of 29.92 in. Hg., in. HZO.

Parcent of fsokinetic sampling.

85.53 ft. 1b. - in. Hg. 172
sec. 1b. mole ~ *R - in. H,0

0.00267 in. Hg. - ft.3
ml - °R

Dry Molecular weight of stack gas, 1b./lb. mole.

Total amount of particulate matter collected, granas,

Total amount of lead collected, grams.

Molecular weight of stack gaa (wet basia), 1b./1b. mole.
Velocity pressure of etack gas, in. Hp0.

Astmospharic pressure, in. Hg.

Abgolute stack gaspresaure,Pbar + static preesure, in. Hg.
Absolute pressure at standard conditions, 29.92 in. Hg.
Volumetric flow rate of stack gas, sctual conditions, fr.3/min,
Volumetric flow rate of atack gas, standard conditions,sft.3/nin.

Rato of particulate mass emissions. 1b./hr.

%




Rate of lead masa emissions, 1b./hr.

Dry gas meter temperature, "R.

Temperature of stack gas, °R.

Absolute temperature standard conditions, 530°R.
Average astack gas velocity, ft./sec. ]

Total volume of liquid collected dn impingera, ml.

Volume of gas passing through the dry gae meter, actual
conditions, ft.3. .

Volume of gas sample through the dry gas meter, stack
conditions, ft.3,

Volume of gas aample through the dry gse meter, standard
conditions, sft.3.

Totsl volume of gas sample, stack conditioms, fr.3,

Volgne of water vapor in the gas ssmple, stack conditions,
ft. .

Sampling time, oec.
Specific gravity of mercury.

Molacular weight of water, 1b./lb. mola.




FIELD DATA SHEET - TINLET

Date: 4~30-76

Anbient Temperature: 7JO°F

Barometric Pressure: 30.05 in. Hg. .
Sample Box No: 1437

Meter Box No: §5-1362

Moter OH@: 1.93 in. Hp0

Leak Check: 0.01 ft.3/min. ar 15 in. Hg.
Asaumed Moisture: 3%

Nozzle Diameter: 3/16 in.

Probe length: 5 ft.

Probe HBeeter Setting: 40X

Heater Box Setting: 150 to 200

gy
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FIELD DATA SHEET - OUTLET

Date: 4-30-76

Ambient Temperature: 70°F
Barometric Preassure: 30.05 in. Hg.
Smple Box No: 86

Meter Box Neo: §-1722

Meter OH@: 2.04 1n. H,0

Leak Check: 0.02 ft.3/min. at 15 in. Hs.
Assumed Moisture: 2%

Rozzle Dismeter: 1/8 in.

frobe Length: 3 fc.

Probe Heater Setting: 60%

Heater Box Setting: 150 to 200
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CALCULATIONS

Pertinent data used in calculations

Inlet:

- 2
A 0.00019 ft. Ppar
A, = 11,11 fr.? )

8 avg
cp = 0.86 (T )
(aH 1.25 in. H,0 )™

)avg . n. H, (Ta)av
M, = 28.97 1b./1b. molew Vi ®
[
L = 0.005451 g. 0
- 1/2
clSF)‘va 1.0596 (in. H,0)
Qutlet:
A, = 0.000085 ft.? Pbar
- 2
Ag 8.73 ft. _ (PB)avg
c, = 0.81 (Twdzyg
(OH)gyg = 0.60 in. H,0 (Todgyg
My = 28.97 1b./1b. mole# V1
c
- 1/2
(VBF) e = 1.5471 (in. H,0)

* Assumed value for standard sir.

30.05 in. Hg.
29.75 in. Hg.
551°R
595°R
21 ml.
97.11 fr.2

9600 sec.

30,05 in. Hg.
29.97 in. hg.
541°R

547°R

43 ml.

67.63 ft.>

9600 sec.
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Total Volume of Gaes Sampled, Standard Conditions

v - T P +
Bgtrd vm ___atd atr (AR)
7 .-
( ,). ve 13.6

Volume of Gas Sample Through Dry Gas Meter, Stack Conditions

P S
(Tm) “Ig-.g
avg (P)

8 avg

-

Volume of Water Vapor in Gas Sample, Stack Conditione

v, - kK v, (1)
[ ] w c [
AN
avg

Total Volume of Gas Sampled, Stachk Conditions

v - v -i-\(‘lr

total By a

Moicture Content of Cas Sampled

B w Vv
H20 w

v

total

Molecular Weight of Gas Sempled, Waet Baais

M - M, (1 - Byg) +18 (By,o)

Avorage Velocity of Stack Gas

(vg) - X ¢ ofSF)
P

|

avg V ('TB)
) M

avg P
87avg ®
Volumetric Flow Rate, Stack Conditions
- 60 8 v
Q, Lﬁ' (a)‘ws o

VYolumetzic ¥low Bata, Standard Conditions

R N r~ -~ _
Qm, - 60 'E"E (1- Bnéo’ (v")-vs A, 1'. td I\ (P,)
(T )
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Particulate Mass Emiseion Rate

R = M (v) A, 3600 osc/hr
o B8 avg 453.6 g/1b

v
total

Lead Mans Bmiosion Rate

R?b - "Pb (V ) AS +

. .
7 ovs 3500 sec 51;:
total 453.6 g/1b

Concentration of Particulate Mattsr

c'u - 15,43 gr E!
8
v“-td

Percent of Isokinstic Sampling

I s 100V .
R, @ (V)
avg

Bfficiency of Particulate Matter Removal

B - Rn {inlet) -~ En (outlet)

" R (Talet) 100

Efficienqy of lLoad Removal

By  ° R, (inlet) - Ry, (outlet)




Vmstd )
Vma o
Vwa -
Yeotal

MB n
(v')avg )
Q, -
ta =
Rn =
Rpp =
c'8 =
1 -

TABULATION OF CALCULATED RESULTS - INLET

94.10 aft3
106.25 ft3

1.12 fed

107.37 f£¢3
0.010

28.86 1b/1b mole
64.9 ft/sec
43,300 £t3/min
37,900 eft3/min

1.359 1b/hr

0.291 1b/hr

0.0042 gr/aft3

90.72

Total volume of gas sampled,
stendard conditions

Volume of gas sample through

dry gas meter, stack conditions

Volume of water vapor in gas
sample, stack conditions

Total volume of gas scampled,
atack conditions

Moisture conteat of gas sampled
Molecular weight of gas sampled,
wet basis

Average velocity of stack gaa

Volumetric flow rate, stack
conditions

Volumetric flow rate, standard
conditions

Actual particulate mass emission
rate

Actual lead masa emission rate
Concentration of particulate
emiassions

Parcent of isckinetic sampling

See pagae 20 for reesults of efficiency calculations.
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+

Veotal
Bu,0
(vsyavg
Qa

Qstd
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TARULATION OF CALCULATED RESULTS - OUTLET

66.63 sfe3
68.65 ft°
2.10 ft3
70.75 ft3

0.030

28.64 1b/1b mole
85.6 ft/sec
44,800 ft¥/min

42,200 aft3/min

0.930 1b/hr

i

0.285 1b/hr
- TN

0.0026 gr/sfc>

101.3%

31.6%

2.1%

Total volume of gas sampled,
standard conditions

Volume of gas sample through
dry gas meter, stack conditions

Volume of water vapor in gas
aanmple, stack conditiona

Total volume of gas sampled,
stack condicions

Moisture content of gas sampled
Molecular weight of gas sampled,
wet basis

Average velocity of stack gas
vVolumetric flow rate, stack
conditions

Volumetric flow rate, standard
conditions

Actual particulate mass emission
rate

Actual lead mnss emismsion rate

Concentration of particulate
enigsions

Percent of isokinetic sampling

Bfficiency of particulate matiar
reémoval

Efficiency of lead removal




PROCESS INFORMATION

Thore are eight lead pots in the grid casting area. Each pot has a 2200
pounda holding capacity and is normally heated to 950°F when operating.
During tha test period, seven of the eight were operated; only one of the
eight was not used, but it was heated.

A total of 104 lead pigs were used in the grid casting during the' three hour
test perlod (12:20-3:20). Each pig weighed 60 poundas.

A total of 47 corked molds were produced during the teat period with a totsl
cork consumption of & gallons. '

In the small parts casting area, there are three lead pots. Two of these
pots have capacities of 1800 pounds while the third has a 720 pounds capacity.
A total of 13,400 pounds of lead was used in the poto in the three hour test
period.

A total of 121 parts were cast in the small parts casting area during the test
period.

The exhauvst air from the various operationa diacussed above is cleaned by
passing through a type "N" Roto-Clone, Size 35, Arrangement C. The water in
the Roto-Clcne is recirculated through a filter at a rate of 40 gallons per
ainuta. '




PIGURE 1 -~ SAMPLING TRAIN
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Stack

Hall
1) Probe
2) Cyclone
3) Flack
4) Particulete Filter
S) Impingers (Greenburg-Smith)
6) Thermomater
D Check Valve
8) Umbilical Cord
9) Vacuun Gauge
10) Coarss Flow Adjust Valve
11) Fine Flow Adjuot Valve

12)
13)
14)
15)
16)
17)

18) -

19)
20)
21)

Oller

Vacuum Pump

Filter

Dry Gas Meter
Orifica Tube

Incline Manometer
Solenoid Valves

Pitot Tube
Thormocoupla
Temperatura Indicator
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Pigure 2
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