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BATTELLE

Columbus Laboratories

August 11, 1972

INTRODUCTION AND BACKGROUND

Gas and particulate emission measurements were made at the Revere

Smelting and Refining Company secondary jead plant in Newark, New Jersey,

The results of the measurements at this and other

on December 8 and 9, 1971.
performance for secondary

lead plants will be used in determining standards of

lead plants.

used to process lead plates from worn out bat-

The blast furnace,
is fed continuously with

teries and lead cladding from electric cables,

battery plates, cladding, coke, iron, 1imestone, slag, dust, and sludge from

the gas cleaning systems.

Figure 1 is a sketch showing gas flow through the plant. Air and

n into the furnace to burn the coke in the feed. The heat

oxygen are blow
es the lead oxides. The

of combustion melts the jead, while the coke reduc

off-gases from the furnace are cleaned in two venturi scrubbers in parallel

and then blown into the stack.

Effluent samples were withdrawn from the stack at a level of 33

feet above ground. The particulate samples were made using a 16-point
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traverse over a 2-hour period. The S50, samples were withdrawn from the
center of the stack over a 1-1/2-hour period and the Orsat samples were

withdrawn from the center of the stack over a l-hour period.

Samples were obtained in four runs; however, the first run was

made while the blast furnace was shut down, and therefore, only three

runs supplied complete data.

SUMMARY OF RESULTS

The process stack on the lead blast furnace of Revere Smelting
and Refining Company in Newark, New Jersey, was sampled for particulates,

SOZ’ C02, 02, and CO, in three runs on December 8 and 9, 1971.

A summary of the results is presented in Appendix G. The parti-
culate emission caught in the filter and probe for the three runs averaged
0.0143 gr/scf. This is equivalent to an average emission rate from the
plant of 1.511 1b/hr or 1,139 1b/ton of lead produced. The absorbables and
condensables caught in the impingers increased the emission to 0.022 gr/scf
which is equivalent to 2.341 1b/hr, or 1.785 1b/ton of lead. About one
half of the impinger absorbables and condensables were extracted with ethyl
either and chloroform and the other half remained in the water phase. The
lead emission was low and averaged 0,001 gr/scf, which is equivalent to
0.111 1b/hr, or 0.085 1b/ton of lead. The 802 in the stack reached a detect-
able concentration of 0.1 ppm in only one of the three runs. The CO level
in the stack averaged 0.4 percent. The flow rates and Orsat analysis indi-
cated that only 5-7 percent of the sampled gas had passed through the blast

furnace; the remainder being air that leaked into the system.

Runs 3 and 4 were typical of normal lead blast furnace operations.
For Run 2, the furnace had been on stream for only about 1.5 hours before
the sampling run was started. The oxygen enrichment during this run was
about 10 percent rather than the normal three percent and the lead output
was about 25 percent higher than the normal rate. The particulate emissions

were increased in proportion to the greater lead output.

BATTELLE — COLUMBUS
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Analysis of the particulate by atomic absorption indicated only
5-10 percent lead; the major constituent measured by optical emission
spectroscopy being sodium from the caustic scrub®ing liquor. Lead and
other fume constituents were present either because of incomplete'scrub-
bing or trapped fumes in the mist from the scrubber were_incompletely

separated by the demister.

PROCESS DESCRIPTION

The Revere Plant in Newark processes various lead scraps into
lead ingots. The plant consists of a receiving yard vhere the various
lead scraps are stored; a blast furnace to melt or reduce the lead and
lead oxides; refining kettles for lead; a continuous casting line for

60-pound ingots, and a shipping section.

Description of Feed Materials

Most scrap is received in the form of discarded batteries or
scrap lead-sheathed electrical cable. The discarded batteries are broken
apart; the acid and cases are discarded, and the lead plates are used as
charge for the blast furnace. The lead sheath is usually removed from the
electric cables and the copper wire sold, sometimes because of difficulty
in removing the sheath, the entire cable is charged into the blast furnace.
The sludge collected from the scrubber water is dried and recycled to the
furnace as is the dust which settles in the flue. Crushed limestone and
scrap cast iron were also fed to the furnace. About one-half of the slag
from the furnace is crushed and fed back to the furnace and the other half
is discarded in a landfill. A metallurgical grade coke is used for fuel.

Oxygen enrichment is supplied from a large liquid oxygen tank.

BATTELLE — COLUMBUS



Koo 2

r
&

cigl,

Description of Blast Furnace

The blast furnace, rafed at 45 tons/day, is a tube furnace
approximately 20 feet high and about 4 feet in diameter as sketched in
Figure 2. It contains a hearth for lead at the bottom. The slag floats
on the lead and coke supports the charge in the tube. Oxygen enriched
air is blown into the furnace at a level just above the slag at a constant
water pressure of 1.5 psi and a rate of about 800 cfm. Gaseous oxygen
is automatically supplied to the furnace by passing liquid oxygen through
heat exchangers. Dusty gas is vented into a flue near the top of the
furnace. Dusty gas from a hood over the slag tap is exhausted through
the sanitary baghouse which also filters exhaust air from several other
parts of the plant. Double trap doors are used to seal the top of the

furnace and are forced open by the weight of a charge.

The lead from the blast furnace is tapped continuously into
1500-pound or 1650-pound water-cooled ingot molds which are then remelted
in refining kettles and cast into 60-pound ingots in a continuous casting

machine,

The slag is tapped intermittently into cast iron slag pots, each

pot holding about 2000 pounds.

Description of Gas Cleaning Equipment

Separate gas cleaning systems are used for cleaning the various
gas streams at Revere. The system which was sampled collected dust only
from the blast furnace exhaust gas. The parts for the gas-cleaning system
(manufactured by Chemico) were purchased second hand and assembled by

Revere.

BATTELLE — COLUMBUS
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FIGURE 2. LEAD BLAST FURNACE



The exhaust gas from the blast furnace is vented through a long
horizontal flue where the gas cools and causes a large portion of the par-

ticulates to settle. The duct was not air tight and allowed air to leak

into the system.

The gas stream is divided into two streams flowing in parallel
to venturi scrubbers with approximately 60 percent of the flow in one duct
and 40 percent in the other. The venturi scrubbers, as illustrated in

Figure 3, are of the dry inlet type. Water is injected at the venturi

throat.

The larger scrubber had a throat diameter of 12 inches and the
smaller scrubber had a throat diameter of 10 inches. A name plate on the

smaller scrubber indicated it had been made by the Chemical Construction

Company.

The discharge from each scrubber passes through demisters to sepa-
rate the gas and liquid. The liquid is then directed into cylindrical sludge
tanks that are 10 feet in diameter and 30 feet long. A 150 gpm pump re-
circulates the liquid to the smaller scrubber and a 300 gpm pump supplies
the larger scrubber. Fresh caustic soda solution is prepared in a small

tank and added to either sludge tank as needed.

The gases from the demister are pumped through centrifugal blowers
(rated at 50 inches of water pressure) and exhausted into a 36-inch stack.

The blower on the larger scrubber was manufactured by the Robbins Company.

LOCATION OF SAMPLING POINTS

The stack gas was sampled for emissions from sample ports located
7.5 stack diameters from the last flow disturbance, a distance requiring a

minimum traverse of 16 sampling points. (See Figure 4). The S0, and Orsat

* samples were obtained from a single point at the center of the stack.

BATTELLE — COLUMBUS
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PROCESS OPERATION

Oxygen enriched air is blown through the blast furnace at a rate
of about 800 cfm and at a water pressure of 1.5 psi. The materials charged to
the furnace are burned, reduced, or melted into a lead output, a slag out-
put, and a gas output. Lead is the main product of the plant. Part of the
slag is recycled to the blast furnace and the remainder is dumped in a land-
£fill. The exhaust is cleaned in scrubbers and exhausted through a steel
stack. While only about 800 cfm of gas passed through the blast furnace,
12,000 cfm was exhausted through the stack because of air inleaﬁage at se-

veral points.

Operation of the Blast Furnace

Process air to the blast furnace is furnished by a centrifugal
blower at a constant water pressure of 1.5 psi. The volume of air which flows
through the furnace is governed by the porosity of the charge in the fur-
nace and plugging of the tuyeres. To increase furnace output and maintain
an improved heat balance, the process air is enriched with about three per-
cent oxygen. The oxygen enrichment is manually controlled to maintain the
proper furnace temperature as estimated by the operator from the color of
burning coke. The furnace was down during Run 1 because of a burned out
tuyere although the exhaust fans were operational. The furnace had been
placed in operation 1-1/2 hours before the start of Run 2, and during this
run combustion air was enriched initially with an estimated 10 percent
oxygen and reduced to an estimated 5 percent by the end of the run. No
method was available to determine the exact percent of oxygen being added to
the process air. Runs 3 and & were considered conducted under normal opera-

ting conditions.

About 400 pounds of charge was mixed in the skip hoist used for

: - 1 attoery olates,
loading the furnace. The proper amounts of limestoue, coke, battery platvy,

BATTELLY — COLMMIMUE
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slag, and sludge were loaded into the hoist as determined by the

furnace operator. While no measurements were made on the skip hoist loads,

management estimated the weight to be 400 pounds, The charging rate

varied and was dependent on the level of material in the furnace. A time

log of furnace feed is presented in Appendix C.

Although lead tapping was generally continuous, the rate varied
as a function of furnace slag level, Lead flow essentially stops during
slag tapping. The lead tapping rate was determined by noting the number
of 1500 and 1650 pound ingots filled during the time the stack emission

measurements were taken.

Slag was tapped intermittantly at intervals of slightly more than
1 hour, the exact time being determined by the rise of the slag level to

the center of the tuyeres. About 2,000 pounds, as estimated by management,

can be tapped each time and reqdires approximately 15 to 20 minutes. The

reported slag rate was determined by the number of slag taps during the par-
ticulate run. The tuyeres are rodded immediately following the slag tap
and the blast air and oxygen are turned off during this operation to prevent

dust from being blown into the plant from the open tuyeres. A time log of

slag and lead tapping is presented in Appendix C.

Operation of the Air Cleaning System

The gas from the blast furnmace passes through a long horizontal

duct which is used to cool the gases to about 100 F by natural convection

and dilution. About one-half of the dust from the blast furnace settles

in this duct and is removed manually during a brief shutdown each Monday

and Friday morning.

BATTELLE — CoLUMBUS
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The gas from the exhaust duct is cleaned further by two venturi
scrubbing systems operating in parallel. A flow diagram for the venturi
systems is shown in Figure 5. The liquid and gas are intimately mixed in
the venturi. The particulates in the gas are trapped in liquid droplets
and vapors in the gas condense or are absorbed by the caustic scrubbing
liquid.

The liquid-gas mixture passes through a demister where the liquid
droplets are separated from the gas that goes to the stack. The liquid
containing the dust in suspension flows into a sludge tank. The solid par-

ticles settle in the tank and the liquid 1s decanted off and recycled to

the scrubber. Makeup caustic must be added to the settllng ‘tank as the
caustic is neutralized by absorbing SOp. The sludge is removed from the
settling tank every few weeks and placed in a pit on the plant site to
drain, Whep reasonably dry, it is fed back to the furnace. The plant
manager estimated that'about 1500 tons of dru sludge, which ccntains 50-70

percent lead, is prodhced in ten months of operation. Slightly less than

2 1b/hr of particulates escape the air cleaning system, therefore, the
collection efficiency of the air cleaning system is estimated at 99.96

percent for lead since about 0.1 lb/hr is emitted.

SAMPLING AND ANALYTICAL PROCEDURES

The off gases from the lead blast furnace were sampled for par-

ticulates, SO,, COp, O, and CO using methods described in Appendix D of

Eg the Federal Register dated August 17, 1971. The gas was sampled for seven
" minutes at each point using points recommended for an eight point traverse.
.fg About 60 cubic feet of stack gas was sampled during each run using a

5 0.235~inch-diameter probe tip.

5 B

?3 BATTELLE — COLUMBUS
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Particulate sample weight was obtained by desiccating the filter
paper before and after sampling and measuring the increase in weight from
the tare. The probe was washed with acetone and the solution residue eva-

porated to a constant weight.

The SO, and particulate were sampled simultaneously for a period
of 1-1/4 hours, during which time a sample volume of about 7.5 cubic feet
was collected, The impinger liquid and washings were more than 50 ml and,
therefore, the sample was diluted to 100 ml for a convenient value for
analysis. Ten ml of the sample was pippeted into an Erlenmeyer flask for

analysis and was titrated against 0.01 normal barium perchlorate using a

thorin indicator.

Two Orsat samples were taken from the center of the stack simul-
taneously with the particulate sample. These samples were drawn into a
2-cubic-foot plastic bag over a period of one hour and, after flushing the
Orsat with the collected sample,a 100-ml volume was taken and analyzed as
follows: the volume w;s adjusted to 100 ml over acidulated water in the
measuring burette; the CO, was absorbed with potassium hydroxide solution,
and the volume decrease measured; the oxygen was absorbed with alkaline
pyrogallol, and the volume decrease measured, and CO was absorbed with acid
cuprous chloride solution and after absorbing any acid vapors from the
cuprous chloride solution with potassium hydroxide solution, the volume
decrease was measured. The gas analysis was repeated using another 100-ml

sample from the 2-cubic- foot plastic bag.

BATYELLE — COLUMBUS
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APPEXDIX A
COMPLETE PARTICULATE RESULTS WITH SAMPLE CALCULATIONS
SOURCE TESTING CLACULATION FORMS

) Test No. 2, 3, &4 No. Runs 3

Name of Firm Revere Smelting and Refining Company

Location of Plant Newark, New Jersey

Type of Plant Secondary Lead Blast Furnace

Control Equipment Wet Scrubbers

Sampling Point Locations . Stack

Pollutants Sampled Particulates - S0,

Time of Particulate Test:

m

Run No, _2 Date 12-8-71 Begin __3:10 pm £nd __5:39 pm

Run No. _3 Date 12-9-71 Begin__ 9:50 am  End _11:55 am

Run No. & Pate 12-9-71 Begin 12:58 pm End 3:08 pm

PARTICULATE EMISSTON DATA

Run No, ) ' 2 3 .4

P -barometric pressure, in. Hg Absolule 30.18 30.23 30.13
Ea Pm-brifice pressure drop, in. Hp0 0.71 0.75 0.80

V - volume of dry gas sampled @ meter 70.2 57.3 59.3

conditions, ft3

- T,,- average gas meter temperature, F 66 61 64
) V,, -~ volume of dry gas sampled @ 71.4 59.0 60.5
?3 std. standard conditions, ft3, dry
- V,,— total H,0 collected, impingers 37.3 21.4 30.0
?% and silical gel., ml,

V, — volume of water vapor collected 1.8 1.0 1.4
f} 8aS {13 @ standard conditions(a)
A _ total gas volume, standard
43 . Viotal conditions, ft3 ’ 73.2 60.9 61.9
A Moisture in the stack gas voluwme, per- 2.4 1.7 2.3
v cent
3 i, 0le fraction of dry gas 0.98 0.¢¢ 0.98
3
i (") 61, 29.92 in. Hg
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PARTICULATE EMISSION DATA (Cont'd)

Run No. 2 3 4

co,, dry, percent 0.5 0.8 0.8

0,, dry, percent 20.3 20.2 18.8

CO, dry, percent 0.8 0.3 0.2

N,, dry, percent 78.4 - 78.7 80.2

MWy - molecular weight of dry 28.9 28.9 28.9

stack gas

M W - molecular weight of stack 28.6 28.8 28.6
gas

T, - stack temperature, F 97 95 93

{8Ps x (T, + 460) 12.938 13.049 13.300

P, - stack pressure, in. Hg 30.18 30.23 30,13
absolute

V. - stack velocity @ stack 1914 1925 1970

. conditions, fpm

A - stack area, in2 972 972 972

Q, - stack gas volume @ standard | 12100 13330 12450
conditions,(a) ft% dry

Te - net time of test, min. 120 112 112

D - sampling nozzle diameter, in. 0.235 0.235 0.235

Percent I - percent isokinetic 109 95 96

me - particulate-probe 91.0 32.3 58.7
and filter, mg

™, - particulate-total, mg 127.3 60.0 92.1

Can - particulate, probe, and 0.0196 0.0084 0.0249
filter, gr/scf, dry

C,o - particulate, total, gr/scf 0.0275 0.0157 0.0235

(a)

70 F, 29.92 in. Mg



A-3

PARTICULATE EMISSION DATA (Cont'd)

Run 2 3 4
Cap = particulate; -probe and filter, 0.0184 0.0080 0.0141
-+ gr/ft3 @ stack conditions
- i . 3

Cay - particulate; total, gr/ft 0.0257 0.0149 0.0221
@ stack conditions

Caw - giiﬁiculatc; probe and filter, 2.0354 0.8913 1.6061

Cay - particulate; total, 1b/hr 2. 8474 1.6556 2.5200

Cp - ‘;g;:;i“}i;g probe and filter, 1.3570 0.7750 1.2849

Cpt - particulate; total 1b/ton lead 1.8983 1.4397 2.0160

clé - lead emission; probe and filter, 0.00127 0.00061 0.00127
gr/scf

Cia - lead cmission; probe and filter, 0.00119 0.00058 0.00120
gr/ft3

Cyy, - lead emission; probe and filter, 0.1320 0.0646 0.1368
1b/hr

Cy¢ - lead cmission; probe and filter, 0.0880 0.0562 0.1095
1b/ton




EXAMPLE PARTICULATE CALCUTATIONS

SAMPLE NUMBER 3 !

1. Volume of dry gas sampled at standard conditions - 70 F, 29.92 in. Hg, ft3

17.7 x V, <%b4-Pm
v = . 13.6

"std (T, + 460)

0.71
= 17.7 x 70.2 <§°°18 1356 q
ry

66 + 460

= 71.4 ft>

2. Volume of water vapor at 70 F and 29.92in. Hg, ft3

v = 0.0474.% ¥
Voas LW
v, = 0.0474 x 37.3
gas
= 1.8 f£t>
;ﬁ 3. Percent moisture in stack gas
i 100 %V,
M = &
Y + Vv
mS td ‘wgas
100 x 1.8
i%a 71.4 + 1.8
e
‘fg 2.4 percent
=3

4, Mole fraction of dry gas

100 - M
Mg = 100

100 - 2.4
100
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EXAMPLE PARTICUIATE CALCULATIONS (Cont'd)

Average molecular weight of dry stack gas

- LI 32 . 28 _
MW, = (COp x 100) + (o2 x 100) + (hz + CO0) x 100

= (0.5 x 0.44) + (20.3 x 0.32) + 79.2 x 0.28)

= 28.9

Molecular weight of stack gas

1

MW =MWy x M+ 18 (1 - M)

© 28.9 x 0.98 + 18 (1 - 0.98)

28.6

Stack velocity @ stack conditions, fpm

1/2
V= 4350 x VAP x (T + 460) Q—S—}ﬁ;ﬁb fpm
) 1/2
_ 4350 x 12.938 [ 30.18 = 38.6 ]

n

1914 fpm

Stack gas volume at standard conditions, scfm

0.123 x Vs x Ag x P
-~ M, scfm

Q, =
(T. + 460) d

S

0.123 x 1914 x 972 x 30,18 x 0.98
97 + 460

- 12,100 scfm
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EXAMPIE PARTICULATE CALCULATIONS (Cont'd)

!;}-_ i

'2"

G

9. Sampling velocity, percent of isokinetic

1032 x (Ts"" 460) X Vmstd
v, x T x Pg % Mg X QU )2

)
ki

%I =

1032 x (97 + 460) x 71.4
1914 x 120 x 30.18 x 0.98 x (O. 235)2

L}

"

109 percent

10. Percent excess air at sampling point

100 x %4 O
% EA = (0.266 x A N) - % 0

i it b

100 x 20.3
(0.266 x 78.4) - 20.3
3690 percent

§~ i j't_i

B
E:"i‘l L"’

ad
’ﬂg 11. partjculate - probe and fflter, gr/scf
e
0 .
= / .
Can 0.0154 x v
Mstd
- 91.0
0.0154 x I1.4

)]

0.0196 gr/scf

12. Particulate - total, gr/scf

" c = 1.54 x 1077 [ 2t
“é; ) ao Vm
- std

o . -2 127.3
y ——llno
1.54 x 10 714

L2
|

il

0.0274 gr/scf
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EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

° _ 13. Particulate - probe and filter, gr/ft3 at stack conditions

17.7xC xP M
C an s d
at (Ts + 460)

1

_ 17.7 % 0.0196 x 30.18 x 0.98
(97 + %60)

B

=0.0184 gr/ft-

gg

3 PV
14. Particulate, total, gr/ft™ at stack conditions

5 17.7C P M
C ao 8
au (Ts + 460)

d

_17.7 x_0,0275 x 30.18 x 0.98
- ~+(97 + 460)

0.0257 gr/ft3

i

3

&

o 15, Particulate - probe and filter

- C = 0.00857 x C__ xQ_ lb/hr
aw an s

=0.00857 x 0.0196 x 12,100

=2,0354 1b/hr

16, Particulate - total, 1b/hr

8.57 x 105 ¢ Q
ax ao S

(]
L]

= 8.57 x 1073 % 0.0275 x 12,100

1

2.8474 1b/hr
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18.

19.

20,

21,

22,

A-8

EXAMPLE PARTICULATE CALCUIATIONS (Cont'd)

Particulate; probe and filter, 1b/ton lead

C =
P

Caw /R

2,0354/1.5
1.357 1b/ton lead

Particulate; total 1b/ton lead
Cpt = Cax/R

= 2.8474/1.5
= 1.8983 1b/ton lead

lead emission; probe and filterx, gr/scf

Cls

M

0.0154 x
m std

5.9
71.4

0.00127 gr/Scf'

0.0154 x

Lead emission; probe and filter, gr/scf

c

la ~

17.7 x Cls X PS x Md
(TS + 960)

17,7 x 0,00127 x 30.18 x 0,98
(97 + 460)

0.00119 gr/scf

Lead emission; probe and-filter, 1b/hr

clh

1

i

-3 :
8.57 x 10 p'S Cls X Qs

8.57 x 107> x 0.00127 x 12,100
0.1320 1b/hr

lead emission; probe and filter, 1b/ton lead

Cie

n

"

Clh/R

0.1320/1.5
0.0880 1b/ton lead
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APPENDIX B

COMPLETE GASEdﬁS RESULTS WITH EXAMPLE CALCULATION
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APPENDIX B

COMPLETE GASEOUS RESULTS WITH EXAMPLE CALCULATIONS

50,

EMISSION DATA

Run Number 1 2 3 4
Date (1971) 12-8 12-8 12-9 12-9
Tm - average gas meter temperature, F 56 62 61 63
Pb - barometer pressure, inches Hg

absolute 30.2 30.2 30.2 30.1
Vv - volume of dry gas sampled at meter
m conditions, ft 4.9 6.7 9.9 10.6
v_ standard, £e3 5.1 - 6.9 10.3 10.8
v, - volume Ba (C104)2, ml 0.01 <0.01 <0.,01 0.02
Vts'volume Ba (Cloq)zvblgnk ml 0 0 0 0
N - normality of Ba (C104)2 0.01 0.01 0.01 0.01
- volume of SO, soln, ml 50 100 100 100
soln 2
Va - volume aliquot, ml 10 10 10 10
C. - 1b/feet> x 107° 0.001 | © 0 0.001
SO2
C - ppm (dry) 0.1 0 0 0.1
802
wSOZ - 1b/hour 0 0 0 0




B-2

§92 EXAMPLE CALCULATIONS

Run &4

1. V = Vm (Tstd) (PBar)
std
(Tng (Pstd)

H

530 _ 30.1
10.6 x T53 X 59 9

10.8 ft3

]

-5
2. Cg = 7.05 x 107° (v, = V) ) Cg))  qp/ee’

v, )Y

std

2.05 x 10°° % 0.02 x 0.01 x 100
" (10.8) (10)

0.001 x 107> 1b/€t>

6 :
3. CSOZ ppm = 6.05 x 10" x CSOZ

- 6.05 x 10° x 0.001 x 107°

= 0.1 ppm

4.W = C XQ x60
SO2 SO2 s

- 0.001 x 107° x 12,540

= 0 lb/hr




APPENDIX C

FIELD DATA

Note: Original Handwritten Data on file at Battelle's Columbus Laboratories.
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APPENDIX C

PRELIMINARY FIELD DATA

STACK GEOMETRY

Plant - Revere Smelting and Refining Company
Newark, New Jersey

Location - Stack - Wall thickness, inches, 1/4

Date - December 7, 1971 - Inside diameter of stack, inches, 35.5

Stack area, 989 inchesz, 6.87 feet

2

i R e s s e e

Percent Diameter for

Distance from Qutside

Point Ci;gular Stack of Sample Port, inches,
1 3.3 1-1/4 + 3-3/4 =5
2 10.5 3-3/4 + 3-3/4 = 7-1/2
3 19.4 7 + 3-3/4 = 10-3/4
4 32.3 11-1/2 + 3-3/4 = 15-1/4
5 67.7 24 + 3-3/4 = 27-3/4
6 80.6 . 28-3/4 + 3-3/4 = 32-1/2
7 89.5 32 + 3-3/4 = 34-1/4
8 96.7 34-1/4 + 3-3/4 = 38
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PARTICULATE CLEANUP SHEET

Plant Revere Smelting and Refining Company

Operators P.R. Webb, B.E, Campbell

S P

T e et e e Db

“Run No. 2 3 4
Impinger water volume, ml

Final 224 212 216

Initial 200 200 200

Collected 24 12 16
Drierite, weight, gm

Final 514.6 523.9 530.5

Initial 501.3 514.5 516.5

Gain 13.3 9.4 14.0
Total moisture, gm plus ml 37.3 21.4 30.0
Probe, acetone wash residue, mg(a) 4.0 0 0
Filter particulate weight, mg

Final 362.3 326.6 356.5
+ Tare 275.3 294.3 297.8

Gain 87.0 32.3 58.7
Total front half, mg 91.0 32.3 58.7
‘Weight residue from chloroform-ether extract, mg

Impinger water 19.3 13.5 14.4

Impinger water wash 2.9 3.0 3.5

Total 21.2 16.5 17.9
Weight residue from aqueous phase, mg(a) '

Impinger water 10.4 8.4 12.4

Impinger water wash 0 0 0

Total 10.4 8.4 12.4
Weight residue from acetone wash, mg(a) 4.7 2.8 3.1
Total, back half residue, mg 36.3 27.7 33.4
Total front half plus back half, mg 127.3 60.0 92.1
(a) Acetone and water blank subtracted; acetone blank = 0.035 mg/ml,

water blank = 0.022 mg/ml
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C-6

GAS SAMPLING

FIELD DATA

Date 12-8-71
Material Sampled for S0

Barometric Pressure _ 30.2 in. Hg

Ambient Temperature 51F

Plant Revere Smelting and Refining Co.

Comments: Blast furnace not operating..

Probe temperature, 100 F.
Recovered 40 ml - diluted to 50 ml.

Run Number L Auqﬁi'éf“%??er, 0.01 N Ba(C104)2
Power Stat Setting _Heated ml ml
Filter Used: Yes X No _ 10.0 0.01
Operator W.C. Baytos, H. Hess blank 0
Clock Meter Flow Meter Meter Temperature,
Time (£t3) Setting (CFH) F
2:00 pm 450.9 " 6.0 50
2:05 pm 451.6 6.0 -
2:15 pm 452.3 6.0 -
2:25 pm 453.3 6.0 --
2:30 pm 453.7 6.0 51
2:50 pm 4542 6.0 -
3:10 pm 455.0 6.0 -
3:15 pm 455.2 6.0 .-
Total 4.3

- eve o et o e T—— aash 5 o TG A
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GAS SAMPLING FIELD DATA

Date _12-8-71
Material Sampled for _S0p

Barometric Pressure

30.2 in, Hg

Ambient Temperature 52 F
2

Run Number

Power Stat Setting

Filter Use

Operator W.C. Baytos, H. Hess

d:

Yes X No

Heated

Plant Revere Smelting and Refining Co.

Comments:
Titration
Aliquot, Titer,
ml ml
10.0 0.01 0.01 N Ba(C104)2
10.0 <0.01
blank 0

Probe temperature, 104 F.
Recovered 84 ml - diluted to 100 ml.

Clock Meter Flow Meter Meter Temperature,
Time (£t3) Setting (CFH) F
4:15 pm 77.7 6.0 60
4:20 pm 78.3 6.0 60
4:25 pm 78.7 6.0 60
4:30 pm -- 0 --
4:40 pm - . 0 60
4:45 pm 79.7 0 59
4:50 pm 80.2 6.0 59
5:00 pm 81.1 6.0 61
5:10 pm 82.0 6.0 63
5:15 pm 82.5 6.0 64
5:20 pm 83.1 6.0 65
5:25 pm 83.7 6.0 65
5:30 pm 84.1 6.0 65
5:35 pm 84.4 6.0 65
Total 6.7
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GAS SAMPLING FIELD DATA

’*3 pDate 12-9-71 Plant Revere Smelting and Refining €0.
¢ ’Material Sampled for _5_0_2__ Comments: Probe temperature, 180 F.
:3 Barometric Pressure _30.1 in., Hg Rec;\inz:iionml - diluted to 100 ml.
Ambient Temperature _ 53F Aliquot, Titer,
2 Run Number _4 ol ml
| Power Stat Setting Heated 18'0 222 0.01 N Ba(C104),
g Filter Used: Yes X No __ blank 0
Operator W.C. Baytos, H. Hess

3
-y Clock Meter Flow Meter Meter Temperature,
3 Time (££3) Setting (CFH) . F

12:50 pm 95.4 8.0 59
:-3 1:00 pm 96.5 7.5 : 59
1:10 pm 97.2 8.0 60
3 1:20 pm 98.2 7.5 60

1:30 pm 99.3.: 8.5 60

1:40 pm 100.2 8.5 64
3 1:50 pm 101.3 8.0 63
<d 2:00 pm 102.0 - 63
- 2:10 pm 102.7 0 65
| 2:20 pm 102.8 -- 65
2:30 pm 103.7 -- 65
g 2:40 pm 104.5 7.0 65
v 2:50 pm 105.3 -- 65
3 3:00 pm 106.0 7.0 65
9 Total . 10.6
(;a

Soud AR

b
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GAS SAMPLING FIELD DATA

Material Sampled for S0

Barometric Pressure

Ambient Temperature

Run Number

N

30.2 in. Hg

54 F

Power Stat Setting Heated

Plant Revere Smelting and Refining Co.

Comments: Probe temperature, 104 F.
Recovered 61 ml - diluted to 100 ml

Titration
Aliquot, Titer,
ml ml
10.0 <0.01 0.01 N Ba(Cth)z

Filter Used: Yes X No __ blank 0
Operator W.C. Baytos, H. Hess
Clock Meter Flow Meter Meter Temperature,
Time (£t3) Setting (CFH) F
9:40 am 85.4 " 8.0 51
9:50 am 86.9 8.0 52°
10:00 am 87.8 8.0 56
10:10 am 88.8 8.0 59
10:20 am 89.3 8.0 61
10:30 am 89.8 8.0 62
10:40 am 90.6 8.0 63
10:50 am 91.1 0 63
11:00 am 91.2 8.0 63
11:10 am 92.5 8.0 63
11:20 am 93.3 8.0 63
11:30 am 94.0 8.0 63
11:40 am 94.7 8.0 63
11:50 am 95.3 8.0 63
Total 9.9 8.0 63
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ORSAT GAS COMPOSITION

Plant Revere Smelting and Refining Company

C02 s 02 ’ co, N2,
Run . Date Time Percent Percent Percent Percent
2 12/8/71 4:30-5:30 pm 0.5 20.0 <0.1 | 79.5
0.5 20.4 1.1 78.¢
B , 0.5 20.3 1.2 78.0
Average - 0.5 20.2 0.8 78.5
3 12/9/71 10:18-10:46 am 0.8 20.0 < 0.1 79.2
0.8 20.4 0.6 78.2
= Average - 0.8 20.2 0.3 78.7
& 4 12/9/71 1:00-1:40 pm 0.8 18.8 0.2 80.2

4

A

suild
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STANDARD SAMPLING PROCEDURES
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APPENDIX D

STANDARD SAMPLING PROCEDURES

The sampling procedures, as described in the August 17, 1971
issue of the Federal Register, reproduced as a part of this Appendix, have
been used as a reference for the source emission test conducted at Revere
Smelting and Refining Company, Newark, New Jersey.

After selecting the appropriate stack sampling.location, number
and position of sampling points as described in Method 1, a preliminary
traverse of the stack was completed to determine the average Ap and average
gas temperature. These data were then used, with the aid of a nomograph,
to determine the appropriate nozzle diameter which would allow isokinetic
sampling at an air flow rate consistent with proper sampling train operation.

The sample train was prepared for operation as outlined in Method
5. The glass filter used for particulate collection was desiccated for
24 hours and the taré ﬁeight determined. Two hundred grams of indicating
drierite, which had been stored in a sealed container, was placed in one of
the three modified impingers.

One hundred ml of distilled water was placed in each of two
impingers. The sample train was then assembled and leak checked to within
the specified tolerances. )

During the sampling period, isokinetic flow was maintained by
adjusting the sampling flow rate to compensate for stack Ap and temperature
variations. Appendix D is a record of the field data for the three tests
completed at the Revere Smelting & Refinery.

After the completion of each test and the recording of the appro-
priate field data, the sampling train was removed from the sampling platform
and cleaned. The probe assembly was removed from the sampling train; the
ends were plugged and the probe allowed to cool. The Pyrex tube and
stainless steel nozzle were then thoroughly cleaned with a nylon brush and
rinsed with reagent-grade acetone into a precleaned screw-cap glass container.
The glass filter was removed from its holder and placed into an appropriate

container. The side of the glass filter holder facing the probe was then
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ringsed with reagent-grade acetone and emptied into the probe-acetone-wash
container. The weight of acetone wash residue and the net filter weight
comprise the '"front half" of the collected sample.

The water from the first three impingers was measured to determine

the volume increase and then poured into precleaned screw-cap glass containers.

~ The weight gain from the water volume increase plus the weight increase

of the dr1er1te was used to determine the stack gas moisture content.

All of the glassware from the back half of the filter holder, up to, but
not including the drierite container was rinsed with distilled water and
the rinse water poured into a precleaned screw-cap glass container. This
same glassware was then rinsed with reagent-grade acetone ard the acetone
rinse poured into a precleaned screw-cap glass container. These three
solutions were then extracted and evaporated as outlined in the Federal
Register and the weight residue determined. These weights comprise the
“"back half'" of the collected sample.

Samples of the water and acetone used to clean the glassware were
taken from each container that was used in the field to determine the amount
of residue from blank water and blank acetone. These values were subtracted

from the sample data to obtain net values.



The sampling proccdures are those specified in the Federal Re-
gister, Volume 36, No. 159, dated August 17, 1971.

PROPOSED RULE MAKING
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APPENDIX—TEST METHODS

MET"‘.OD 1—SAMPLE AND VELOCITY TRAVERSFS
FOR STATIONARY SOURCES

1. Principle and applicability.

1.1 Principle. A sampling site and the
number of iraverse points are sclected to
aid In the extraction of a representative
sample.

1.2  Applicability. This method should be
applied only when specified by the test pro-
cedures for determining compliance with
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442 Calculnte the pitot tube coefficlent
using Equation 3-1.

c ‘/é_lfzﬁ
Cornr=Craia APa equation 2-1

PROPOSED RULE MAKING

then the other polnted downstream. Use Lhe
pitot tube oniy 1f the two coeficients differ
by no more than 0.01,

6. Calculations.

Use Equntion 2-3 to calculate the stack gaa

15711

Figure 2--2 shows & sample recording sheet
for veloclty traverse data. Use the aversges in
the Jast two columns of Figure 2-3 to deter-
mine the average stack gas velocity from
Equation 2-2,

6. References.

e velocity.

where: .. .
= t tube cozflclent of 5 : Mark, L. 5. Mechanical Engineers’ Hand-
Criant Hg’am ube Type VamX,CrY ['_Il,‘_::‘: sotion 2-2 book. McGraw-Hill Book Co., Inc., New York.

Cr.. =Pitot tube coefclent of standard y «a 1951. :
< type pitot tube (1f unknown, use shere: _ Perry, J. H. Chemical Englneers’ Handbook.
& 0.99). - V, = Btack gas velocity, Tect pet second (Lp.s). McGraw-Hill Book Co., Inc., New York, 1960.
AP,..:Ve)oclty head measured by stand- _ fe. ib. 1 when these units Shigchara, R. T., W. F, Todd, and W. S.
ard type pilot tube. Ky=88.40 (mﬁ:‘ﬁ are used. Smith, Significance of Errors in Stack Sam-

pling Measurements. Paper presented at the
Annunl Meeting of the Atr Pollution Control
Associatlon, St. Louls, Mo,, June 14-19, 1970.

Standard Method for Sampling Stacks for
Particulate Matter. In: 1971 Book of ASTM

aP,,, =Velocity head measured by Type §
pitot tube.

43 Compare the coefficlents of the Type 5
pitot tube determined first with one leg and

Cp=Pitot tuhe cocMelent, dimensionless,

Tem= Absolute stack gas temperaute, ‘R.
Bp=Veloclty head of stack Fie, In 1140 (sce fig. 2-2).
Pom Absuhitte stk s pressure, tn g

M= Molecular weight of stack pas, Iu.fib.-mole.

= PLANT,
3 standards, Part 23. Philadelphia, 1871, ASTM
DATE, Designation D-2928-71.
RUN NO Vennard, J. K. Elcmentary Fluld Mechanics.
g John Wiley and Sons, Inc.,, New York, 1947,

METMOD 3—CAS ANALYSIS FOR CARBON DicviDs

EXCESS AIR, AND DRY MOLECULAR WEIG*

1. Principle and epplicability.

1.1 Principle. An integrated or gra-
sample is extracted from & sampling
and analyzed for its components usii.
Orsat analyzer.

13 Appllicability. This method should be
applied only when specified by the test pro-
cedures for determining compliance with New
Source Performance Standards.

s : 2. Apparatus.
' . 21 Grabsample (Figure 3-1).

2.1.1 Probc—Stalnless steel or Pyrex?
c o glass, equipped with a filter to remove par-
A - S ticulate mnatter.
: 2.12 Pump—Oue-way squeeze bulb, or
equivalent, to transport gas sample to ana-
Jyzer.

22 Integrated sample (Figure 3-2).

221 Probe—Stainless steel or Pyrex
glass equippnd with a filter to remove par-
o, : ticulate matter.

% - 290 Alr-cooled condenser—To remove
any excess motsture,

223 Necdle valve—To adjust flow rate.

924 Pump—Lenk-free, diaphragm type,
or equivalent, to pull gas.

225 Rate meter—Tomeasure & Aow range
from 0 to ¢.235 c.fm.

293 Flexible bag—Tedlar! or equivatent,
= with s capagity of 2 to 3 cu. ft. Leak test the
; bag in the laboratory tefore using.

227 Ditot tube—Type S, or equivalent.
ettached to the probe so thal the sampling
flow rate can be refulaied propor tional to the
stack gas velocity when velezity is varying
with time or a sannle traver'c §s conducted.

2.3 Analysls.

23.1 Orsat analvzer, ©T equivalent.

3. rrocedure.

3.1 Grab rampling.

3.1.1 Sect un the cquipment s thown In
Fpure 3-1. Fleee \he probe In the ctack st a
sampiing point and purce the sampling iine.

STACK DIAMETER, In.
BAROMETRIC PRESSURE, in. Hg,

STATIC PRESSURE IN STACK ("9). in. Hg.
OPERATORS,

SCHEMATIC OF STACK
CROSS SECTION

Stack Temperature

Velocity head,
1) *F

in. H,0

Traverse point
. number

448

AVERAGE:

PEN————

Figure 2-2. Yelocity lraversc data, 1 Trade name.
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FLEXIBLE TUBING

SQUEEZE BULB

Figure 3-1, Grab-sampling lrain,

VALVE
AIR-COOLED CONDENSER

FILTER (GLASS WOOL)

RIGID CONTAINER

RATE METER

QUICK DISCONNECT-

L J BAG

-~ o

Figure 3-2. Integrated gas - sampting train,

3.1.2 Draw sample into the analyzer.

3.2 Integrated sampling.

8.2.1 "Evacuate the flexiblie bag. Set up the
egquipment as shown in Figure 3-2 with the
bag disconnected. Place the probe in the
stuck and purge the sampling line. Connect
the beg, making sure that all connections
are tight and that there are no leaks.

3.2.2 Sample at a rate proportional to the
ktack gas velocity.

3.3 Analysis,

3.3.1 Determine the COz, 02, and CO con-
centrations as soon as possible. '\h.ke as many
passes as are necessary 1o give constant read-
ings. If more than 10 passes are necessary,
replace the absorbing solution,

332 For integrated sampling. repeat the
analysis until three consecutive ruus vary
nho more than 0.2 percent by volume for each
component being analyzed.

4. Calculations.

4.1 Carbon dioxide. Average the three
consecutive runs and report resuit to ths
lenrest 0.1 percent CO2,

42 FExcess air. Use Equation 3-1 to cal-
cilate excess alr, and avernge the runs, Re-
port the result to the ncarest 0.1 percont
EXCOSS Rir,

. ,,_(_‘5'.0.:93):' 2(% CO)
G (N = (62 Op) 4 0 (C GOy <100

equation 3-1

FEDHER AL NCAICYER VAT A MO

where:

7 EA =Percent excess alr,

% 0,=Percent oxygen by volume, dry
basls.

% N,=Percent nitrogen by volume, dry
basis.

¢, CO==Percent carbon monoxide by vol-
ume, dry bas!s.

0.264=Ratlo of oxygen to nitrogen in alr
by volume.

43  Dry molecular weight., Use Equation
3-2 to calculate dry molccular weight and
average the runs. Report the result to the
nearest tenth.

Ma==0.44(% CO,) -+0.32(% O,)

+4-0.28(% N,+ % CO)
Equation 3-2
where:
My==Dry molecuh\r weight, 1b./lb.-
mole.
% CO,=Percent carbon dioxlde by volume,
dry basts,
% 0,=Pcrcent oxygen by volume, dry
basis,
°.N,=Percent nitrogen by volume, dry
bnsls.

0.44 == Molecular weight ot carbon dioxide
divided by 100.

0.32 = Molecular weight of oxygen
ctiviclext by 100.
0.28 = Molecular weight of nitrogen

divided by 100,

160 THESNAY AUATISY V7

5. References

R {¢] ANALY’ER Alt..shullcr. A. P, et nl. Storage of Oascs

d Vapors in Plaatlc Bags. Int. J. Alr &
Watcr Pollution. 6.:75-81. 1963.
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METHOD 4—DETERMINATION OF MOISTURE IN
STACK GASES

1. Principle and applicadbility.

1.1 Principle. Moisture is removed from
the gas stream, condensed, and determined
gravimetrically.

1.3 Applcability, This method s applli-
cable for the determination of molsture In
stack gas only when speclfied by test proce-
dures for determining compliance with New
Bource Performance Standards. This method
does not apply when liquid droplets are pres-
ent in the gas stream.®

Other methods such as drylng tubes, wet
bulb-dry bulb techniques, and volumetric
condensation techniques may be used sub-
Ject to the approval of the Administrator.

2. Appuratus.

2.1 Probe—Stainless steel or Pyrex ! glass
sufficlently heated to prevent condensation

" and equipped with a filter to remove par-

ticulate matter.

22 Implngers—Two midget impingers,
each with 30 ml. capacity, or equivalent.

2.3 Ice bath container—To condense
molsture in implingers.

24 Sillca gel tube—To protect pump and’
dry gas meter,

2.5 Needle valve—To regulate gas flow
rate. -

26 Pump—Leak-free, diaphragm type, or
equivalent, to pull gas through train.

2.7 Dry gas meter—To measure to within
1 percent of the total sample volume.

2.8 Rotameter—To measure a flow range
from 0 to 0.1 c.f.m.

29 Balance—Capsable of measuring to the
nearest 0.1 g.

2.10 Barometer—Suflicient
within 0.1 in. Hg.

2.11 Pilot tube—Type S, or equlvnlcnt. at-
tached to probe so that the sampling flow
rate can be regulated proportional Lo the
stack gas velocity when velcelty is varying
with time or a sample traverse Is conducted.

3. Pre~ecure.

.1 Place about 5 ml. distilled water In
each hmpingzr #nd weigh the impinger and
contents to the nearest 0.1 g. Assemhle the
apparatus without the probe as shown in Fig-
ure 4-1, Lra< cheek by plugging the inlet to
the first irapinger and drawing a vacuum. In-
sure that fow through the dry s mester is
less than 1 percent ol the sampling rate.

3.2 Connccet the probe, and sample at a
constant rate of 0.07;5 c.f.m. or at n rate pro-
portional to the stack gas velesity not to ex-
ceed 0.075 c.f.un. Continue sampling until the
dry gas meter rezinters 1 en. tcr until visible
liguid droplets are carritd over from the first
impinges to the reaend, ?ocord t~mperature,
pressture, and dr - ras oenter reading as re-
quircd by Figara &~ .7,

3.3 Aftee ¢o'l-eivng ts sampie, welgh the
impingers and thor contents again to the
nearest 6.1g.

to read to

1 Trade name.

= 17 1iquid droplets are present in the gas
strerm, nssume the stream to be saturated,
deterniine the average stack pas tempesature
(Method 1), and use 8 psychromotrie chart
to obialn an epproximation of tha nioicture
percentage.

1971



4. Calculations.

PROPOSED RULE MAKING

Wi=Final welght of impingers and

4.1 Volume of wealer collected. t contents, g.
. Wi=1Inillal weight of impin
(W= W) RTuws e enin 5. pingers and
2, = e = EX0 , B
o PoaMe R=1dcal gas comstant, 21.83-in. Hg—
"y cu. ft./ib. mole-* R.
(0.0474—;)(\\],-—\\].) T, s =Absolute temperature at standard
[ . condtitions, 530° R.
. equation 4-1 P, =Fressure at standard conditions,
where: 29.82 in. Hg.
Vee=Volume of water VApor collected Mw =Molecular weight of water, 18
(stmdard conditions), cu. ft. 1b./1b. mole.
SILICA GEL TUBE
HEATED PROB
' ROTAMETER

\
DHY GAS METER

ICE BATH
‘Fiouae 4-1. Moisture-sampling train,

LOCATION COMVENTS
TEST,
DATE

FERATOR
PAROMETRIC PRESSURE

GAS VOLUME THROUGH
METER, {Vim}, ROTAMETER SETTING, METER TEMPERATURE,
CLOCK TIME nd 13, min °f

Eigure 4-2, Fleld molsture determination.

FEDERAL REGISTER, YOL. 36, NO. 159-—TUESPAY,
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42 Gasvolume,

P \/T ’
Vo=V, ("‘“) ( ,'!:'.) =
Pnd T- -

L]
(17.71 R Y YVePe .
in. g/ Ta cyuation 4-2
where: )
Vaee=Dry gas volume through meter at
standard conditions, cu. ft.
Vaz-Dry gas volume measured by meter,
cu. ft.
Pwu=Barometric pressure at the dry ges
meter, in. HE.
P, =Pressure at standard conditions,
29.92-1n. Bg.
T,,.=Absolute tempecrature At standard
conditions, 530° R.

Te=Absolute temperature &t meter
(*P.+460), ‘R.
4.3 Molsture content.
__l:'..'. c— __}.’.‘."___. 35
e & vt o v

cqualion 4-3

where: )

Beo=Proportion by volume of water
vapor in the gas stream, dimen-
sionless.

Vee=Volume of wafer vapor collected
(standaid conditions), cu. ft.

Vue=Dry gas volume through neter
(standard conditlons), cu. ft.

Bam=Approximate volumetric proporiion
of water vapor in the gas stream
leaving the impingers, 0.025.

5. References.

Alr  Pollution  Engineering Manual,
Dantelson, J. A. (ed.). US. DHEW, PHS.
National Center for Alr Pollution Comntrol.

Cincinnat!, Ohio. PHS Pubtication No.
899-Ap-40. 1867.
Devorkin, lloward, et al. Alr Pollution

Source Testing Afanual. Air Pollution Con-
tro! District. Lor Angeles, Callf. November

1963. .

Methods for Detennination of YVelocity,
Volwume, Dust and Mist Content of Oases.
Western Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Caltf. Bulletin
WP-50. 1968.

METHOD 5.~ DETERMINATION OF PARTICULATE
EMISSIONS FROM STATIONARY SOURCLS

1. Principle and applicability.

1.1 Principle. Particulate matier is with-
drawn jsokinetically from the source and iis
v.eight is deteninined gravimetrically eiver
removal of uncomhined water.

1.2 Applicadility. This method is appiica-
ble for the determination of particulate
emizsions Zroin stationary sources cnly when
specified by the test procedures for dever-
mining compiiance with New Source Per-

_ formance Standards.

2. Apparctus.

2.1 Sampling train. The design specifica-
tions of the particulate sampling train used
by EPA (Figure 5-1) are described in APTD-
0581. Commercinl models of this train zve
nvailable.

2.1.1 Mozzle-—Stainless steel (316)
sharp. tapered leading edpe.

212 Probr—Pyrex? ginss with & heatlu.g
system enprbilc ol ssalptaining a4 gas tempera-
tire of 250" F. oat the evit end during
samp'ing.  When temrnernture  of  lenrth
lintiatiens ate encountered, 316 stainless
stecd, or equivalent, may e used, us approted
by the Administriter.

with
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213 Pitot tube—Type S, or equivalent,
attached to probe to monitor stack gas
yelocity.

2.1.4 Filter holder—Pyrex? glass with
beating system capable of maintaining any
texhperaturo to & maximum of 225* P,

» 3215 Impingers—Four Ilmpingers oon-
nected 1o series with glass ball joint fittings.
The first, third, and fourth impingers are of
the Greenburg-Smith design, modified by re-

PROPOSED RULE MAKING

placing the tip with a !5-inch ID glass tube
extending to 153-Inch from the bottom of the
fiask. The second impinger is of the Greene
burg-Smith design with the standard tip.

2.1.6 Mectering system—Vacuum gauge,
leak-fres pump, therinometers capable of
measuring temperature to within 5* F., dry
gas meter with 2 percent accuracy, and re~
lated equipment, or equivalent, as required
to malntain an isokinetic sampling rate and
to deteriine sample volume,

HEAYED AREA FILTER HOLDER  THERMOMMETER CHECK
/ VAL
PROBE STACK =
WALL '
R~f = Y e e 8 VACUUM
> °| [’V ;ﬂ.‘ R L~ LINE
REVERSE-TYPE 4
PITOT TUBE -
/ ,/ \\ y

ORIFICE
lday
DRY TESY METER

BY-PASS VALVE

-VACUUM
GAUGE

MAIN VALVE

AIR-TIGHT
PUNMP

Flgure 5-1, Particulate-sampling traln,

32.1.7 Barometer—To measure atmospherle
pressure 1o +0.1 in. Hg.

2.2 Bample recovery.

22.1 Probe brush—At least a3 long as
probe.

2232 Glass wash bottles—Two.

2.2.3 Glass sample storage containers,

224 Graduated cyltnder—250 ml,

23 Analysis,

2.3.1 Gilass welghing dishes.

2.3.2 Desiccator.

2.3.83 Analytical balance—To measure to
<+ 0.1 mg.

2.34 DPenkers—250 ml.

t Trode name.

235 Separatory funnels—500 ml. and
1,000 mi.

236 Trip balanoe—300 g. capacity, to
measure to +0.05 g.

2.3.7 QGraduated cylinder--25 mi. ,

3. Reagents.

3.1 Bampling

3.1.1 Filters—QGlass fiber, MSA 1108 BRH,
or equivalent, numhered for identification
and prewelghed.

3.13 .-Silica gel—Indlicating type, 6 to 18
mesh, dried at 175* C. (350* P.) for 2 hours,

3.13 Water—Delonized, distilted.

3.1.4 Crushed ice.

3.2 Sample recovery

3.21 Water—Delcnized, distilled,

322 Acttone—Reagent grada,

3.3 Analysis

3.3.1 Water—Delonlzed, distilled.

333 Chloroform—NRengent grade.

3.3.3 Ethyl ether—Rengent grade.

334 Desiccant—Drierite, indlcating.

4. Procedure. e

4.1 Sampling. *

4.1.1 Afucr selecting the sampling site and
the minimum number of sampling points,
determine the stack pressure, temperature,
moisture, and range of velocity head.

4.1.2 Preparation of colicction train.
Weigh to the nearest gram approximately
200 g. of silica gel. Label a filter of proper
diameter, desiccate? for at least 24 hours
and weigh to the nearest 0.5 mg. in a room
where the relative humidity is less than
b0 percent. Place 100 ml. of water in each of
the first two impingers, leave the third im-
pinger empty, and place approximately 200
g. of preweighed silica gel in the fourth im-
pinger. Save a portion of the water for use
as & blank in the sample analysis. Set up the
train without the probe as in Figure 5-1.
Leak check the sampling train at the sam-
piing site by plupging the inlet to the filter
holder and pulling a 15-in. Hg vacuum. A
leakege rate not in excess of 0.02 c.f.m. at a
vacuum of 15-in. Hg is acceptable, Attach
the probe and adjust the heater to provide a
gas temperature of about 250° ¥, at the
probe outlet. Turn on the filter heating sys-
tem. Place crushed ice around the impingers.
Add more ice during the run to keep the tem-
perature of the gases leaving the last im-
pinger at 70° F. or less.

4.1.3 Particulate train operation. For each
run record the data required on the example
sheet shown in Figure 5-2, Take readings
at cach sampling point at least every 5 min-
utes and when signlficant changes in stack
conditions mnecessitate additional edjust-
ments in flow rate. To begin eampling, po-
sition the nozzle at the first traverse point
with the tip pointing directly into the gas
stream. Iinmediately start the pump and ad-
Just the flow to isokinetic conditions. Main-
tain isokinetic sampling throughout the
sampling period. Normorranhs ere avallable
which ald in the ran!d edjustment of the
sampiing rate without other comnutations.
AFPID-0576 detolls tre procedure for using
thess nomograpts. Turn off the pump at the
oonclusion ol ench run and record the final
readines. Remove the probe and nozzle fro:n
the stuck and handle in accordance with the
sample rceovery process described in section
42,

? Dry using Dricrite ! ¢.t 70°+10° .

FEDERAL REGISTER, VOL. 36, NO. 159—TUESDAY, AUGUST 17, 1971
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PLANT AMOIENT TEMPERATURE . .
LOCATION BARONMETRIC PRESSURE e ..
OPERATOR ASSUMED MOISTURE, %,
DATE . HEATERBOXSETTING .
RUN NO. PROBE LENGTH, 3t e .
SANPLE BOXNO- e ' NOZZLE DIANMETER, 0.
METERBOXNO. e PROBE HEATER SETTING e
BCIER&H 5
C FACTOR SCHEMATIC OF STACK CROSS SECTION
PRESSURE
DIFFERENTIAL
ACROSS GAS SAMPLE YENPERATURE
ORIFICE AY DRY GAS METER
SAMPLING |  STATIC STACK VELOCITY METER GAS SAPLE SAMPLE BOX | IMPINGER
TRAVERSE POINT TIME PRESSURE | TESIPERATURE | HIEAD (aH, voLue INVET OUTLET | 1enpERATURE, | TELPERATURE.
NUMBER fo} min. | {Pg). in. Hg. | (Tg).*F (aPg), in. Hy0 v, 13 | Tm a0 F | TP ol F of ag
TOTAL AvDe Avg,
AVERAGE AvS.

42 BSample recovery. Exercise care In mov-
ing the collection tratn from the test site 1o
the samiple recovery arca to minimize the loss
of collected sample or the gain of extraneous
particulate matter. Set aside portions of the
water and ncctone used in the sample recov-
ery ag blanks for analysis, Place the samples
in containers as follows:

Container No. 1. Remove the filter from fts
holder, piace in this container, and ueal.

Conteirer No. 2. Place loose particulate
matter and acetone washings from Alt sam-
ple-exposed surfaces prior 10 the filier in this
container and seal. Use & razor blade, brush.
or rubber policeman to loosen adhering par-
ticles.

Container No. 3. Measure the volume of
water from the first three impingers and
place the water in this container. Piace water

- FEDERAL REGISTER, VOL. 36, NO. 1

_Figure 5-2. Paitizulate fie'd data.

rinsings of all sample-exposed surfaces Le-
tween the fidter and fourth tmpinger In this
contatner prior to sealing.

Container No. 4. Trausfer the silica gel
from the fourth impinger {0 the original
container and seal. Use & rubber policeman
as an aid in removing silica gel from the
impinger.

Container No. 5. Thoroughly rinse all sam-
ple-exposed surfaces bhetween the filter and
fourth impinger with acetone, place the
washings in this container, and seal.

4.3 Anaplysis. Record the data reguired on
the exampie sheet shown in Figure 5-3.

Jandle each sample container as follows:

Container No. 1, Tmnsto'r the fitter and any
loose particulate matter from the sample
container to a tared glass weighing dish, des-

sicate, and dry to a constant welght. Report
results to the nearest 0.5 mg. ’
Container No. 2. Transfer the acetone
washings to a tared beaker and evaporate to
dryress at amblent temperature and press
sure. Dessleate and dry to o constant weight.
Report results Lo the nearest 0.5 mg.
Container No. 3. Extract organic partlcuiate
from the iImpinger solution with three 25 ml.
portions of chloroform. Compicte the ex-
traction with three 25 ml. portions of ethyl
ether. Combine the ether and chloroform ex-
tracts. transfer to o tared beaker and evapo-
rate at 70° F. until no solvent remajns. Dess
sicate, dry to & constant welght, and report
the results to the nearest 0.5 mg. R
Container No. 4. Weigh the cpent silica

gei and report to the nearest gram.

-
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A PLANT where:
Vi, =Volume of gas sample through the
DATE dry gas meter (standard condi-
tions), cu. ft,
RUN NO. Va=Volume of gas sample through the
. dry gas meter (incler conditlons),
cu. ft,
T,.=Absolutc tempcrature at standard
- conditions, 530 °R.
Twmz=Average dry gns meter temperature,
‘R.
WEIGHT OF PARTICULATE COLLECTED, P,,,=Barometrlc pressure at the orifice
eter, in. Hg.
CONYAINER m3 AHzPressure drop across the orifice
NUMBER meter, in H.O.
" 33.6:=8pccific gravity of mereury.
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN P,..=ADlsolute pressure at standard con-
ditions, 29.92 In. Hg.
1 6.1.3 Volume of Water vapor.
2 vo oy (2O (RTw) L
3aY ®otd b ’\1"10 J 7
3bem (00174 ew- Yy,
: ml. .
5 equation 5-2
TOTAL where:
Ve, =Volume of water vapor In the gas
) sample (standard conditions), cu.
*3a - ORGANIC EXIRACT FRACTION. v To’t':l volume of lquid collected |
. 1= volt n
*3b « RESIDUAL WATER FRACTION. ¢ Impingers and silica gel (sce Fige
ure 5-3),ml.
pun=Density of water, 1 g./ml.
M n.=Molecular weight of water, 181b.1b,
mole. .
R=Ideal gas constant, 21.83 in lHg-cu.
VOLUME OF LIQUID . 1t./1b. mole-“R.
WATER COLLECTED T, s =Absolute temperature at standard
condltions, 530° .
P,,,=Absolute pressure at standard con-
IMPINGER SILICA GFL ditions, 29.92 In. Hg.
VOLUlME, WEIGHT, 8.14 Total gas volume.
m .
g vlutnlzv'“-ld'!‘v"ua
. equation 5-3
FINAL .
wlhere:
V... =Tota) volume of gas sample (stand-
INITIAL teeet ard conditions), cu. ft.
Ve, =-Volume of gas through dry gas
LIQUID COLLECTED . M meter (standard conditions), cu.
1®.
TOTAL VOLUI'E COLLECIED o* ml Ve, = Volume of water vapor fu the gas
§ sample istandard conditions), cu.
: 1%,

* CONVERY WEIGHT OF WATER TO VOLULE BY DIVIDING TOTAL VEIGHT

INCREASE BY DENSITY OF WATER. {1 g/mi):

INCREASE. g
{1g/m!)

Figure 5-3. Analytical dala,

Contalner No, 5. Transfer the acctone
washings to a tared benker and evaporate to
dryness at ambient temperuture and pres-
sure, Desleente, dry to a constant weight, and
report the results 1o the nearest 0.5 mg.

5. Calivration.

Use standard methodis and eguipment /p-
proved by the Adminlstrater (o calibrate
the orifice meter, pitot wule, dry fus nicter,
and probe lL.eater,

6. Culculations.

61 Sampie concentration method,

6.1.1 Average Ary fis melar emneresture,
8¢ data sheed (Flgure $-2).

6.3.2 Dry pas volume Compect the smple

\""ndr'-' Vi (?1:“—‘)

= VOLUNE WATER, ml

volume measured by the dry gas meter to
standard conditions (70* F., 20.92 in. Hp) by
using Equation 5-1.

6.1.56 Tolal particulate we!ght. Determine
the total particulate catch from the sum of
the weights on the analysis data sheet {Fig-

ure 5-3).
6.1.6 Concentration.
mu__)
V'h.'ohl
cequation 5-4

(0.01 >4 5-"—)
mg.

where:
¢'s = Concentration of particulate matter

in stack gas (¥ampie Concentra-

Ph,+£_“.‘ tion Mcthod), gr./s.c.f.
.- .._1_'}!.'!’. M. :=Total amoun® ol particulate mat-
Py ter collected, g,
All V.1 = Total volume of pus sampie (stand-
Pu-.+]gﬁi ard conditions}, cu. ft.
"'li:';—' 6.2 Ratluof area method.

»

n, R .

~

6.2.1 Sinck os velcsity, Callect the neces-

equation 5-1 gary da‘a as detuiled In afethod 2. Correct the

pavAIeY VY Y07

worrem v
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23.1 Pipettes—Transfer type, 5 ml. and
10 »al. sizes (0.1 m), divisions) and 25 ml.
siz6 (0.2 ml. atvisions).

232 Volumetric flasks—50 ml, 100 ml,
and 1,000 ml.

2.33 Burettes—35 ml. and 50 ml,

23.4 Erlenmeyer fiask—125 mi.

3, Reagents. .

3.1 BSampling.

3.1.1 Water—Dcetonized, distilled.

3.12 Isopropanol, B0 pereent—iix 80 mi,
of isopropanol with 20 inl. of distilled water,

3.1.3 MHydrogen puroxide, 3 percent—dilute
100 m). of 30 percent hycrogen peroxide with
900 ml. of Aistilicd water. Prepare fresh dnily.

3.2 Sample recovery.

32.1 Water-—Deionized, distilled.

3.2.2 Isopropanol, 80 percent.

3.3 Analysis.

3.3.1 Water—Dclonized, distilled.

3.3.3 Iscpropunol.

333 Thorln Indicator—1-(o-arsonephens
ylazo) -2-naphthoi-3, €-disulfenle acld, diso-
dium ealt (or equivalent). Dissolve 0.20 g.
jn 100 ml, distilled water.

334 Barlum perchlorate (0.01N)—Dis-
solve 195 of barium  perchlorate
[Ba{C10,),°3H.0O] In 200 ml. distilled woler
and dilute to I liter with isopropanol, Stand-
erdize with sulfuric acid.

335 sulfuric ecid standard (0.01N)—
Purchase or standardize cyainst n primary
standard to +0.0002N.

4. Procedure.

4.1 Bamplng.

4.1.1 Preparaiion of ¢nllcctlon traln. Pour
15 ml. of &0 percent dsoprepancl into tho
midget bubbler and 15 ml. ¢f 3 prreent hiydro-
gen poroxide o cach of the jitst two et
impingers. Leave the finui midjret fmpinzer
dry. Assemble the tralu. us shown in Figure
6-1. Leak chieck the samipiine traln at the
rampling site by pluzaing the pnobe inlet aud
pullieg a 10-in. Mg vacunn. A leakage rate
not {n excess of 1 percent of the sampiing
rate §s acecptahie. Care/u'ly reicnse the prebe
inlet plug end turm o the pump. liace
crushed fee around 1he opinets, Add more
ice during the run 9 koep Lhe temperatire
ot the gases leaving the Jact hmpinger at
70° ¥, o less.

4.1.2 Sample colleciion. Adjust the som-
ple tow rite proportionial 1o the stack s
velocity, Take readines ot fcast every $ nun-
utes and when signilicant chonges In siark
conditions wveceeitate  eddationel  adjoect
ments in fow rate, To besin sompling, |t
tion the povzle vith the tip pmnting dixectly
Intn the passtrecm and - riahs pump, Sama
ple projortionally throvchoai the pun, At the
conclusion of each run, tura o the pump
and record the finad readings, Remove the
probe from the siack ard drconnect it fiom
the trala. Dratn the ice rath and purge e
remnining part of the train by drawing clean
anllent air tarough the syntem for 35 win-
uies.

4.2 Sample recovery. Diregnneet the im-
pingers afler the purging pericd. Discord
the econtents of the msidiet Laubbler, Pour
the contents of the mideel Lapinreras into
o paoisethylene gh'panent tattie, Bmnre tre
three 1Grel nnpPers Ltidd 1he COLnceTng

PROPOSED RULE MAKING

tuhes with distiied water and add theso
washings to the same stornge container,

43 Sample analysis, Trunsfer the con-
tents of the storape container to a 60-nl,
volumetric flask, INlute to the mark with
dejonized, distilled waler. Pipetto a 10 ml.
aliquot of this solution to a 125-ml. erlen-
myer flask. Add 40 ml. of isopropanal and 2
to 4 drops of thorin Indicator. Titrate ton
pink endpoint using 001N barlum perchlo-
rate. Run a blank with each scries of
samples,

5. Calibration.

5.1 Use standard methods and equipment
approved by the Administrator to calibrate
the orifice meter, pitot tube, dry gas meter,
&and probe heater.

52 Standardize the sulfuric acld with po-
tassium ncid phibalate as a primary stand-
ard. Standardize the barfum perchlorate
with 25 ml. of standard sulfuric acld con-
taining 100 mi, of isopropanol.,

6. Calculations.

6.1 Dry pas volume. Correct the simple
volume measured by the dry gas meter to
standard conditions (70* F. and 26932 in.
HEg) by using Equation 6-1.

* —\r Tp d Pl.u .
Vea=Va (529) (322)

17.51 ._:]}_) Yolu -

O in. 1lg) e equalion 6-1
where:

Ve, = Volume of gas sample through the
dry gas mneter (standard condi-
tions), cu. 1t.

V. =Volume of rnas rample throvgh the
dry gas mieter (meter conditions},
cu. ft.

T, ,=Absolute temperature ot standard
conditions, 530* R,

Tw=Average dry gas meter et rature,
‘.

P ,,=Barometric pressure al the orifice

meter, in, Mg,

Anzolute pressure at standnrd con-
ditions, 29.92 in, Hp.
€2 Sulfur dloside concentration.

e

Ceoy
N . v vu t
s v ()
(7.0.’: 1073 g e B
‘z' L]
cynation 6-2
where

‘ -0 =z Cuncentrntion of sulfur di-
oxide at standard conditions,
dry bnsls, b Al 1.

70510 t==Convenzion  factor including

the nuinber of granis pcr pram.

equisalent of sulfur dlnxide
(32 g./8.-t41.), 453.6 g./1o., and
1,000 ml./l, Ib-l/geml
V.= Volume of barium prrchiorate
titrant uscd for the sample, ml.
V,=Volume of larium perehhnate
titrent used for vhe blank, mi
N =Nonundity of barium perchlo-
rate winiang, poegl

Veeta=Toln} solution volume of sulfur
dioxide, ml.
Ves=Volume of
titrated, ml,
Vi, g=Volume of gas sample through
the dry pas meter (standard
conditions), sce Equation 6-1,

cu, ft.

7. References,

Atmonphetic Emisslons from Sulfuric Acld
Manufacturing Processes. U.S. DHEW, PHS,
Division of Alr Pollution. Public Health Serv-
ice Publication No. 900-AP-13. Cincinnatl,
Ohlo. 1963,

Corbett, P. F. The Determination ‘of 50,
and 50, in Flue Gases. Journal of the In-
stitute of Fuel. 24:237-243. 1961.

Mntty, R. E. and E. K. Dichl, Mensuring
Flue-Gas SO, and SO, Power 101:94-97.
November 1057,

Patton. W. F. and J. A. Brink, Jr. New
Equipment and Techniques for Sampling
Chemleal Procoss Gases. Paper presented at
the 55th Annual Mecting of APCA. Chicago,
1. May 20-24, 1962.

METHOD 7—DETERMINATION O©OF NITROCEN
OXIDE EMISSIONS FROM STATIONARY SOURCLES

1. Principle and epplicadbility.
1.1 Principle. A grab sample is collected

sample aliquot

in an cvacuatud flask contalning a dilute

sulfuric acid-hydrogen peroxide absorbing
solution, and the nitrogen oxides, except 13-
trous oxide, are measurcd colorimetrically
vsing the phenoldisulfonlo scid  (PDS)
procedure.

1.2 Applicability. This method 18 applica-
ble for the measurement of nitrogen oxides
from stationary sources only when gpecified
by the test procedures for determmining come-
pliance with New Source Performance
Btandards.

2. Appuratus.

21 Sampling. See Figure 7-1.

21.1 Prohe—Pyrex® glass, heated, with
filter to remove particulute matter. Heating
{s unnecezsary if the probe remalns dry cur-
ing the purpirg perlod.

2.1.9 Collection flask—Two litter, Pyrex!
yound bottom with short neck and 2440
standard taper opening, protccted Rgainst
implosion or breakage. )

213 Fiask valve—-T-bore stopcock con-
neeled to a 24,40 standard taper jeint.

2.1.4 ‘Tempcrature gauvre—Dinl-t1ype ther-
mometer, or equivalent, capabie of measur-
ing 2° F. intervals from 25° 10 125° F.

215 Vacuum line—Tubing capable of
withstanding a vacuum of 3-in. Mg abzolute
ptessure, with “1” conncetion and T-bore
stoprock. or culvalent,

216 L'ressuie  pauge—U-tube  mianom-
eter, 36 inchces, with 0.1 Inch divisions, or
equivaicnt.

2.1.7 Pump—Capuable of producing a vac-
uum of 3-in. Hg absolutz pressute.

2.1.8 Squecse bulb—One way.

2.2 Sample recovery.

221 Pipctte or dropper.

022 Class storage contafners—Cushloned
tor shipping.

s Trade Lame.

grnrnnt rreierre Vol 36, HO. 159—TUESDAY, AUGUST 17, 197}
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APPENDIX E

LABORATORY REPORT

BACK HALF IMPINGER WATER RESIDUE PHASE
ANALYSIS BY WET CHEMISTRY

Plant Revere Smelting and Refining Company, Newark, New Jersey

Date December 8, 1971

Run 1

Organic, Inorganic, Total,
mg mg mg
Split Residue Mass Before Analysis 6.7 12.5(3) 19.2
Constituent Mass per Split Residue
804 < 0.3 < 0.3 < 0.3
SO4 0.33 8.8 9.13
Total Sample Residue Mass 13.4 25.0(a) 38.4
Constituent Mass per Total Residue
803 < 0.6 < 0.6 < 0.6
SO4 0.66 17.6 18.26
(a) Water blank subtracted; water blank = 0.022 mg/ml.
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BACK HALF IMPINGER WATER LIQUID PHASE

ANALYSIS BY WET CHEMISTRY

Plant Revere Smelting and Refining Company, Newark, New Jersey

Date December 8, 1972

Run 1
Total Sample Volume -~ 260 ml
Split Sample Volume Analyzed - 130 ml
mg perxr mg per
Constituent wg/ml Split Sample Volume Total Sample Vplnﬁi“u_
Total Acid 2 ) 0.26 0.52
04~ 160 20.8 41.6
SO4= 24 3.12 6.24
c1- 2 0.26 0.52
N, * 43 5.60 11.20
pr(a) 3.6

(a) Value is pH units,
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LABORATORY REPORT

-

OPTICAL EMISSION SPECTROSCOPY TRACE METAL
(ug element per total sample)

é. A '-5‘

Total Sample Volume, Run 1 - 260 ml

Split Sample Volume Analyzed - 130 ml

Impinger Water

Element Run 1
g ng(a) <0.3

Be < 0.3
‘3 Cd <13,

As < 13.
3 v <3

Mn <1.
4 :
2 Ni < 10.
) Sb < 13.
Eg Cr < 10.
. Zn <26,
3 Cu 2.
» Pb 26.
:3 Se(b) (c)
. B 2.
j F(b) (c)

Li 26.
E Ag < 0.3

Sn < 13,

Fe 10.
. Sr < 10.
g Na < 26.

K < 90.
E (a) Sample dried and
3“ Ca 10. ignited at 450 C

Si 26 prior to analysis;
}3 ) Hg values are not
- Mg ' 2. considered significant,
3 Co < 10. (b) Not detectable by OES.
e Ba < 3. (¢) Water blank subtracted;
1 Al < 10. water blank = 0.022 mg/ml
-3 Total

38,500 B
Mass, pg(c)

i
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LABORATORY REPORT

OPTICAL EMISSION SPECTROSCOPY TRACE METAL

(ug of element for total filter catch)(a)

Filter Analysis

Element Run 2 “Run 3 Run 4 Blank
Be <1. <1. <1, <1.
cd < 20. < 20, < 20. < 20.
As < 40. < 40, < 40, < 20,
\Y <1. < 1. <1, <1.
Mn 40, 10. 20. 2,
Ni < 20. < 20. < 20, < 20,
Sb < 20. < 20. < 20. < 20,
Cr < 20. < 20. < 20. < 20.
Zn 2000. 200. . 600, < 200,
Cu 20. 4, 8. 2,
pb(b) - --- --- 50.
B .. 0 0 0 4000.
Ag < 2. < 2. < 2. < 2.
Sn 400. 300. 200. < 10.
Fe 1000. 300. 500. < 100,
Sr 5. 1. 1. 5.
Na 14000. 10000. 14000. 2000,
K 2000. 1000. 1000. 1000.
Ca 0 0 2000. 10000.
Si -~ ——- --- -
Mg 0 0 0 4000.
Ba 100. 100. 100. 100.
Al 0 0 0 4000.

Total 87,000 32,300 58,700
Catch, ug

(a) Filter blank subtracted.
(b) Pb determined by Atomic Absorption.

Note: Symbol < indicates minimal detection limits.
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LABORATORY REPORT

OPTICAL EMISSION SPECTROSCOPY TRACE METAL
(ug of element per total sample)

Probe Residue

Element Run 1 Run 2 Run 3 Run 4
Be <1. <1. <1, <1.
cd < 10. < 10. < 10, < 10.
As < 20. < 20. <.20. < 20.
v <1. < 1. < 1. <1.
Mn 1. 1. <1. < 1.
Ni < 10. < 10. < 10, < 10.
Sb < 10. < 10. < 10, < 10.
Cr < 10. < 10. < 10. < 10.
Zn 100. 100. < 100. < 100.
Cu 3. 3. 1. 1.

-pb(a) S _— - -
B 1 < 1. 3. 10
Ag <1. < 1. <1. <1.
Sn 50. 50. 10. 10.
Fe 1000. 500. 30. - 30,
St <1. <1. < 1. <1.
Na 200. 300. 200. 200.
K < 500. < 500, < 500. < 500
Ca 100. 100. 100. 10¢
Si 50. 50. 50. 5¢
Mg © 200. 300, 100. 5.
Ba < 10, < 10. < 10. <1
Al 10, 10. 10. 1C.

T“J’Z?;ht’ ug(b) ;13,500 9,300 3,100 3,000

(a) Pb determined by atomic absorption.

(b) Acetone blank values were relatively high, and for Run 3 and 4,
. were in excess of the reported values; thcrefore, analysis data
%g for all runs are being reportad for the uncorrected mass values,
= Blank value = 0.035 mg/ml.

5 .
W
}

-
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) Plant Revere Smelting and Refining Company, Newark, New Jersey

EXAMPLE DETERMINATION
FILTER, RUN 2

A - Initial Extract Volume per Split

Filter Sample, ml 4,5
B - Aliquot, ml 1.0
C -~ Dilution Factor 50
D - Absorption, Percent : 32.5
E - Absorbance from Atomic Absorbance
Tables, Based on Percent Absorption 0.1707
F -- Lead, pg/ml of Diluted Aliquot(a) 11.1
G ~ Lead,'ug/Split‘fiiger Sample 2500
H - Lead, ug/Total Filter 5000

Example Computation

CxAxF=¢6

50 x 4,5 x 11,1 = 2500
2xG=1H

2 x 2500 = 5000

—
———n

(a) Determined from calibration curve; based on 0.1707
absorbance,



FILTER ANALYSIS FLOW DIAGRAM

3-in. digm
Filter

y

Low Temperature Ash
172 Filter

y

8ml 19% HCL
32ml 40% HNO3

Continuous Acid Reflux

Y

.0 End Volume 5.0 ml 1.0
aliquot aliquot
Lead by Trace Metaols
Atomic Absorption by ,
Optical Emission Spectroscopy

oI

e
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CHEMICAL METHODS USED TO. ANALYZE EPA RESIDUES

(The water-soluble portion of the residue has been transferred to a 50-ml

volumetric flask, diluted to the mark and mixed).

Add 4 ml of 1:1 HC1 to the solution, heat to a boil, and continue
boiling for about 5 minutes.

Cool slightly and transfer to a 250-ml beaker, rinsing out the

50-ml beaker well with deionized water. Dilute to 125 to 150-ml
volume with deionized water.

Heat to near boiling temperature, add 10 ml of 10 percent Ba012
solution, stir well, and digest at near boiling temperature for an
hour. o

Remove from the hotigiate and cool to room temperature. Allow the
solution to stand at room temperature at least 2 hours - preferably
overnight.

Filter off the precipitated BaSOa through a tight filter paper
(Whatman No. 42 or equivalent). Wash the paper and precipitate with
hot deionized water until the washings are free of chloride.

Place the paper and precipitate in a crucible, dry under a gas hot-
plate, and then heat in a muffle furnace for at least an hour at a
temperature of 900 C.

Remove the crucibles from the muffle furnace, cool in a desiccator,
and weigh as BaSOa. Calculate SO4 by multiplying by the factor 0.4116.

Multiply this result by 5 to get total amount of SO4 in the residue.

DISCUSSION OF METHODS

The methods used for the chemical analysis of residues were

chosen because they represent reliable procedures used almost routinely in
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our laboratory. Because of this no preliminary testing nor experimentation
were required before the analytical work was begun and results could be
obtained in the short time allowed. No claim is made that these methods
represent the best analytical scheme for this work.

The gravimetric method for sulfate lacks the sensitivity one
might desire for this type of work if measurement of less than 1 milligram
is necessary. However, it is capable of determining the occasional high
sulfate found in some samples without repeating the determination as would

be necessary when using some methods.

PREPARATION OF EPA RESIDUE SAMPLES

(1) Extract residues in beakers with warm water. Combine where
indicated and adjust volume to 50 ml in a volumetric flask.

(2) Extract remaining residues in beakers with acetone. Police
beakers thoroughly, making sure that all material is removed,
even Eﬁdagh insoluble. Combine where indicated and adjust
volume to 50 ml in a volumetric flask.

(3) Transfer 10 ml of the water extracts to crucibles for OES.
Add 10 ml of the corresponding acetone extracts to the
water extracts, being sure to shake the flasks well before
sampling to assure a representive portion of suspended
matter is included. Dry combined extracts and proceed with
OES.

(4) Remove 25 ml of the remainder of the acetone extracts,
filter on Millipore filter if necessary, and transfer to
tared aluminum dishes. Dry down at ~100 C. Reweigh vessel
and record weight as "Acetone Soluble'. Multiply results
by 2 to convert to original sample.

(5) Proceed with chemical analysis of the water extracts in

this manner.
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40 ml water extract

10 m1 for _ 10 ml1 for 10 ml1 for 10 m1 for

pH and SO4 c1~ NH4+ total nitrogen
(Devarda's method)

® N03- will be calculated from the différence between total

nitrogen and NH4+

Note: '"Dry pipetting" (no rinsing of pipette) must be practiced
to conserve sample.
If the weight of residue removed by the acetone treatment is

useful in interpreting results these data may be obtained in the following

manner.

~ Water Insoluble Residue

Note: 1If filtering is necessary in step 4, weight the filter
pad, air dry after filtration is complete, and reweigh
to obtain weight of retained residue.

(6) Wash the acetone solution and suspended matter remaining
in the 50 ml volumetric flasks into the same dishes used
in step 4. Dry down at ~100 C. Reweigh and record weight
as "Water Insoluble'. Multiply by 5/4 to convert to
original sample. If a filtration step was included the
weight of residue retained by the filter is added before

multiplying by 5/4.

Preparation of Filters for Chemical Analysis

(1) Remove 1/4 of the filter circle and carefully cut it up
into small pieces. Place the pieces in a 50 ml beaker,

add 10 ml of deionized water, and stir with a clean glass

stirring rod. Allow to stand an hour, stirring occasionally.
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(2) Measure the pH of the solution using the small electrode
assembly. |

(3) Filter the slurry into a 50 ml volumetric flask. Wash
the retained filter material with small increments of
deionized water until the 50 ml volume is reached.

(4) Stopper the volumetric flask, mix well, and proceed with
the chemical determinations as described for the residue
samples. '

(5) Multiply all results by 4 to obtain the amounts of 804,

Ci, NH4, and NO3 on the entire filter circle.
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December 6, 1971

December 7, 1971

December 8, 1971

December 9, 1971

December 10, 1971

APPENDIX F
TEST LOG

Arrive on site
Start erection of scaffold

Complete erection of scaffold
Set up equipment

Make Run 1 while furnace is under repair
Make Run 2

Make Runs 3 and 4

Pack equipment
Leave test site.
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(1)

(2)

(3)

(4)

APPENDIX G

RELATED REPORTS

RESEARCH REPORT ON SECONDARY LEAD PLANT STACK EMISSION SAMPLING
AT GENERAL BATTERY CORPORATION, READING, PENNSYLVANIA

RESEARCH REPORT ON SECONDARY LEAD PIANT STACK EMISSION SAMPLING
AT N.L, INDUSTRIES PLANT, McCOOK, ILLINOIS

RESEARCH REPORT ON SECONDARY LEAD PIANT STACK EMISSION SAMPLING
AT QUEMETCO LEAD COMPANY, INDUSTRY, CALIFORNIA

RESEARCH REPORT ON SECONDARY LEAD PIANT STACK EMISSION SAMPLING
AT N, L. INDUSTRIES PLANT, BEECH GROVE, INDIANA
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APPENDIX H

PROJECT PARTICIPANTS AND TITLES

Technical Supervision

Richard B. Engdahl, Senior Project
Leader

Field Team
Paul R. Webb, Senior Technologist (Team Lea

Herbert E. Carlton, P.E., Research
Chemical Engineer

Bernard E. Campbell. Physicist
William C. Baytos,'Scientist

Harold Hess, Technician

Administrative Support

Richard E. Barrett, Senior Mechanical
Engineer

John M. Allen, Division Chief

Irene Whitener, Secretary

der)
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COMPLETE OPERATIONAL RESULTS




APPENDIX I

COMPLETE OPERATIONAL RESULTS

Run Number . 2 3 4
Particulate sampling start time 3:10 9:50 12:58
Particulate sampling start time 5:39 11:55 3:08
Slag tap . 3:51 10:55 12326

5:10 12:26 1:45
Lead ingot mold change 3:00(b) 9:41(a) 12:10(a)
3:22 10:10 1:12
S 2(b) (@) Teq (@)
3'47(b) 10.45(b) 1'50(a)
4:45(a) 11:30(b) 2:35(b)
5:07 12:10 3:05
5:40(3)
Furnace feed times(c) 3:05 10:11 12:53
3:18 10:25 1:05
3:27 10:46 1:13
3:36 11:10 - 1:23
3:47 11:23 1:32
4:05 11:42 1:40
4:18 11:53 1:50
4:21 12:11 2:00
4:31 2:20
4:40 2:30
4:51 2:38
5:08 2:45
5:22 2:50
5:31 3:08
Lead rate, 1b/hr 3000 2300 2500
Slag rate, 1lb/hr 1500 1000 1500

(a) Small mold (1500 pounds) filled
(b) Large mold (1650 pounds) filled

(c) 400 pounds of mixed feed
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1:30 p.m.
2:10

3:00
3:05
3:18
3:22
3:27
3:36

3:47
3:51
4:05

4:09

4:18
4:21
4:31
4:40
4145
4:51
4:59
5:07
5:08
5:10
5:22
5:31
5:34
5:36
5:40
5:48

OPERATIONAL NOTES

Plant - Revere Smelting and Refining Company

Newark, New Jersey

Furnace started after replacement of tuyere

Started filling lead mold
Operating 10 percent oxygen enrichment

Change lead molds

Load furnace

Load furnace _

Change lead mold ~ 1650 pounds
Load furnace

Load furnace
10 percent oxygen enrichment (estimated)

Load furnace
Start tapping slag

Rod tuyeré§
Finish tapping slag - 2000 pounds

Finish rodding tuyeres
Lead flow stops while tapping slag

Load furnace
Load furnace
Load furnace
Load furnace
Change lead mold - 1650 pounds
Load furnace
Load furnace
Change lead mold - 1500 pounds

Load furnace

. Tap slag - 2000 pounds

Load furnace

Load furnace

Road tuyeres

Finish tapping slag
Change mold - 1500 pounds

Finish rodding tuyeres
Finish observations.
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OPERATIONAL NOTES (Continued)

L]

12/9/71
09:10 a.m. Change lead mold
09:30 Velocity pressure in small duct 0.5-0.7 inches H,O,
Ea duct diameter 15.5 inches. This is duct from smaller
. scrubber system to stack
- 09:41 Change lead mold - 1500 pounds
53 09:50 Started observations ‘
. 10:10 Change lead mold - 1500 pounds
:5 10:11 Load furnace
- 10:25 Load furnace
Eg 10:35 Load furnace
3 10:45 Change lead mold - 1500 pounds
ég 10:46 Load furnace
. 10:55 Tap slag - 2000 pounds
Zg 11:05 Rod tuyeres
fg 11:10 . Load furnace
- 11:10 Finish rodding tuyeres
<0 11:23 Load furnace
4 11:30 Change lead mold - 1650 pounds
ia 11:42 Load furnace
= 11:53 Load furnace
12:10 p.m. Change lead mold - 1650 pounds
12:11 Load furnace
?a 12:26 Start slag tap - 2000 pounds
= 12:29 Load furnace
. Pressure; 47 inches H20 at inlet to fan on large
;3 scrubber
Temperature gas at scrubber inlet 95 F
E} 12:45 Finish slag tap
12:53 Load furnace
33 1:05 Load furnace )
A . 1:12 Change lead molds - 1500 pounds
? 1:13 Load furnace
1:23 Load furnace
23 1:32 Load furnace
1:40 Load furnace

)
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1:45
1:50
2:00
2:03
2:15
2:20
2:35
2:38
2:45
2:50
3:05
3:08

I-4

OPERATIONAL NOTES (Continued)

Tap slag

Change lead molds - 1500 pounds
Load furnace

Clean tuyeres

Stop slag tap

Load furnace

Change lead molds - 1500 pounds
Load furnace

Load furnace

Load furnace

Change molds - 1650 pounds

Load furnace
End observation notes
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APPENDIX J

SUMMARY OF RESULTS




APPENDIX J

SUMMARY OF RESULTS

3
j
17 mon e
!
1

2 3 4 Average
Date 12-8-72__ 12-9-72  12-9-72
Test Time - Minutes 120 112 112 115
Lead Production - TPH 1.5 1.2 1.2 1.3
Stack Effluent
" Flow rate - DSCFM 12,100 13,330 12,540 12,657
a Flow rate - DSCF/ton 8,067 11,108 10,450 9,875
Temperature - OF 97 95 93 95
3 Water vapor - Vol. % 2.4 1.7 2.3 2.13
: co, - Vol. % dry 0.5 0.8 0.8 0.7
g 0, - Vol. % dry 20.3 20.2 18.8 19.7
co - Vol. % dry 0.8 0.3 0.2 0.4
3 CO - 1b/hr 420 160 109 330
- S0, - ppm dry 0.06 0.04 0.08 0.06
j 802.~ 1b/hr 0.01 0.01 0.01 0.01
3 Visible emissions - % opacity 10-15 10-20 5-15 12
1 Particulate Emissions '
3 Probe and filter catch
3 gr /DSCF 0.0196 0.0084 0.0149 0.0143
- gr/ACF 0.0184 0.0080 0.0140 0.0135
5 1b/hr 2.0354 0.8913 1.6061 1.5109
, 1b/ton lead 1.3570 0.7750 1.2849 1.1389
3 Total Catch
gr/DSCF 0.0275 0.0157 0.0235 0.0222
g gr/ACF 0.0257 0.0149 0.0221 0.0208
ib/hr - 2.8474 1.6556 2,5200 2,3410
3 1b/ton lead 1.8983 1.4397 2.0160 1.7847
lead Emissions |
% R Probe and filter catch
3 gr/DSCF 0.00127 0.00061 0.00127 0.00105
j gr/ACF 0.00119  0.00058 0.00120 0.00099
1 1b/hr 0.1320 0.0646 0.1368 0.1111
: 1b/ton lead 0.0880 0.0562 0.1095 0.0846
g Total Catch

P

Essentially the same as probe and filter,





