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INTRODUCTION

Gas and particulate emission measurements were made at the N, L.

Industries secondary legqmglant in Beech Grove, Indiana, on November 17

 and 18, 1971. The results of the measurements at this and other lead plants

will be used in determining standards of performance for secondary lead
plants. The effluent gas from a lead blast furnace was sampled in the
stack from the process baghouse outlet after particulate removal by three
cyclones and a baghouse in series. Particulate and 802 emissions were

determined and Orsat analyses were made.

Ihe blast furnace is used to melt down manufacturep's scrap and
worn-out batteries, and to reduce various lead oxide drosses generated at
several of the N. L. Industries Plants. The blast furnace is fed almost
continuously with coke, iron,‘batteries, lead oxide, and a silaceous slag.
A 7100-pound charge to the furnace yields about 4800 pounds of lead. About

10 charges are fed each 8-hour shift.

Figure 1 is a sketch showing the gas flow through the plant.
Air is blown into the furnace to burn the coke in the feed. The heat of
combustion melts the lzad and the coke reduces the lead oxides. The off-
gas from the furnace is heatel in an afterburner to oxidize any odiferous

compounds and to incinerate oily and sticky materials which may blind the

BATTOLLE — TSDOLUMBUS
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fabric filters. The off-gas is cooled in three air-cooled cyclones in
series which also remove most of the dust. The remaining dust is re-
moved in a baghouse. The gas is then exhausted through a 154-foot-high
stack. Particulate, SO, and Orsat samples were obtained by sampling

from the stack just above the roof level.

SUMMARY OF RESULTS

The process stack on the lead blast furnace of N. L. Industries
in Beech Grove, Indiana, was sampled for particulates, 802, COZ, 02, and
CO in three runs on November 17 and 18, 1971. For the three tests, the
particulate emission caught in the filter and probe averaged 0.0026 gr/scf
which is equivalent to an emission from the plant of 0.51 1b/hr, or 0.17

1b/ton lead. The highest value was 0.0028 gr/scf.’

The S0, concentration in the stack varied from 204 to 443 ppm,
. B RIS I

‘which is equivalent to an emission of 46 to 101 1b/hr.

The operation of the blast furnace was essentially the séme for
all three runs. The afterburner was off a substantial part of Run 2, al-
though monitored temperatures in the afterburner were never less than 1100 F.
The bags in the baghouse were hand shaken during Run 2 which may account

for the reduction in the dust load in Run 3.

The stack gas water vapor level varied from a high of 3.7 per-

cent during Run 1 to a low of 2.3 percent during Run 2.

Each volume of gas Irom the blast furnace is diluted with about
11 volumes of air in the exhaust system. This large volume of air is
necessary to keep Just from leaking into the plant. Consequently, the

Orsat analysis was essentially equal to that of air. A small amount of

BATTELLE — CoOLUMBUS
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€O from the blast furnace was observed by Orsat analysis as well as CO,
from the blast furnace and from the combustion of CO and natural gas in

the afterburner.
A summary of the results is presented in Appendix J.

PROCESS DESCRIPTION

The N, L. Industries Plant in Beech Grove processes various
lead scraps into lead ingots. The plant consists of a large receiving
yard where the various lead scraps are stored (mainly under a roof); a
blast furnace to melt or reduce the lead and lead oxide scraps, holding
kettles, pot furnaces for molten lead, a continuous casting line for
60-pound ingots, an intermittent line for 1400-pound ingots, and a ship-
ping section. .

Most scrap is received in the form of battery plate groups from
discarded batteries with the cases, but not the tops, removed. If batteries
with cases are received they are sent to an outside company for case re-
moval. Various other furms of lead scraps, such as toothpaste tubes and
automobile weights, are included with the battery plates. Lead oxide
scraps apﬁéared to be battery plates that had been burned, perhaps to
remove the cases. Various lead containing dross, obtained from skimming

of lead pots, were also fed intc the blast furnace.

The blast furnace, rated at 77 tons/day, is a tube furnace about
30 feet high and 5 or 6 feet in diameter as is sketched in Figure 2. It
contains a heacth for lead at tle bottom. Slag normally floats on the
lead. Coke sunports the charge in the tube. Air is blown into the fur-
nace at a level just above the slag at a pressure of 30 to 60 inches of

water. A Roots blower supplies the air at a constant rate of about 1600

EATTELLE — COLUMBUS
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to 1800 cfm. The furnace is loaded from the top and tapped for lead and
slag from separate taps at the bottom. Dusty gas is removed from the
furnace at the main exhaust stream near the top of the furnace, from the
skip hoist hood, and from a hood over the slag tap as shown in Figure 3.
Only the main exhaust stream from the furnace was exhausted through the
main stack. The other streams were exhausted through the sanitary bag-

house which also filters exhaust air from several other parts of the plant.

The lead from the blast furnace is drained into a series of
kettles and then is pumped into one of two kettles used to feed the cast-
ing machines, The lead is cast into 60-pound ingots in a continuous

casting machine or into 1400-pound ingots intermittently.

Description of Gas Cleaning Equipment

Three separaféﬁgis cleaning systems are used for cleaning the
several gas streams at N. L. Industfies. One system, the only one sampled,
collects dust from the blast furnace exhaust gas. A second system is used
to collect dust from the top of the blast furnace, from the blast.furnace
slag tap and from the lead kettles. The third system is used to collect

dust from small kettles used for making arsenic - lead alloys.

The main gas stream leaving the blast furnace is first heated
to about 1200 F in a refractory afterburner with a natural gas flame.
Most -of the hydrocarbons and odoriferous compounds, and some CO, in the
exhaust gas are burned here. The gas theu passes through three forced
air-and-water-cooled cyclones which remove some particulates. The gas
stream is cooled from abcut 1200 F tc about 300 F in the cyclones by heat

transfer and by dilution witn leakag= air.

BATTELLE — CDLUMEUS
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The baghouse was purchased from Buell-Norblo and is constructed
in eight equal sections. The baghouse has a total of 320 dacron bags, 25
feet, 7 inches long, and 11-1/2 inches in diameter, with a total cloth area
of 24,000 square feet. Since the gas flow was about 22,000 cfm, the air/
cloth ratio is about 1. Every 15 minutes, each of the eight sections is
shaken separately for 25 seconds while the air flow is diverted with
dampers. Equal time intervals are maintained between shaking of the

eight sections.

During the three runs, baghouse operation was as follows. Gas
passing through the baghouse is cooled by heat losses and air inleakage
to about 150 F. The bags were partially blinded during Run 1 and the
inlet pressure to the baghouse was slightly positive, causing dust-con-
taining gas to be blown out of the baghouse conveyor. During Run 1,
one section of the baghouse was inoperative and during parts of Run 2,
an additional section was inoperative. The bags had become blinded

- before Run 2, and each .gettion in turn was bypassed while the bags were

shaken by hand.

LOCATION OF SAMPLING POINTS

All of the samples were obtained from the 154-foot stack at
roof level, 34 feet above ground, after the gas from the blast furnace
left the baghouse. (See Figure 4). The SO, sample was obtained from
the center of the stack, the Orsat sample from a point 18 inches into
the stack indicated by "O" in Figure %, and the particulate sample by
means of a 28-point stack traverse. Points 1 and 15 were not sampled
because of possible contamination from dust on the stack wall. The
sampling level is 5.5 stack diameters downstream from the inlet duct,

a distance which requires a minimum of 28 sampling points.

PRCCESS OPERATION

'The process operacion is as follows. Air is blown through the
blast furnace at a rate of 1600-1800 cfm and at a pressure of 30-100
inches of water. The materials charged to the furnace are burned, re-

BATTCLLE — CODLUMBUS
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duced, or melted into a lead output, a slag output, 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 landfill. The ex-
haust gas is treated in an afterburner, cleaned in cyclones and a bag-

house, and exhausted through a steel stack.

While only about 1800 cfm of gas is passed through the blast
furnace, it is diluted at several points so that about 25,000 cfm is
exhausted through the stack. The first point of dilution is air leakage
into the furnace through the feed system. Additional air is added in
the afterburner. A regulator bleeds air into the system just before the
baghouse to maintain the baghouse below a maximum temperature of 300 F.

Air also enters the system through leaks in the baghouse structure.

Operation of Blast Furnace

i Process air to the blast furnace is furnished by a Roots blower
at a constant volume of 1600-1800 cfm. The air pressure at the bottom

is determined by the porosity of the charge in the furnace and plugging

of the tuyeres. The pressure is usually reduced by about 10 inches of
water each time the slag is tapped and the tuyeres are rodded.-%in the
first run the pressure range was 40-50 inches; in the second, 30-40 inches,

and in the third, 50-65 inches.

—

The lead was tapped continuously at the rate indicated by the

table below.

Rate,

Run tons/hr
3.7
2 2.5
3 5.1

The furnace is rated at 77 tons per day or 3.2 tons per hour. The high
rate cbsezved on Run 3 may have been due to measuvring the rate during a

short period of time (the first half of the run) because the lead rate

BATTELLE — COLUMBUS
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for the entire run was inadvertently lost. The operator estimated that
the rate was about equal to that in Run 1. On a short-term basis, the
lead output stops or is greatly reduced for 5 to 15 minutes after tapping

slag.

The slag was tapped intermittently and although the slag was not
weighed, about 1500 1b was tapped at a time. The slag was tapped once
during Run 1, and immediately before and after the start of the run. Du-
ring Run 2, the slag was tapped 6 times;the first time at the start of the
run and the last time at the end of the run. The slag was tapped four
times during Run 3, and had been tapped just before and immediately after
the run. Tapping slag is an extremely dusty operation and an effective
hood was used to exhaust the dust into the sanitary baghouse. Air flow
to the furnace was not stopped while tapping slag and rodding tuyeres, a
departure from practice at other plants.

B P I )

The gas outlet of the blast furnace is kept under a slight nega-
tive pressure. Air sucked through the feed charge and into the gas outlet
dilutes the gases coming from the blast furnace. The air above the feed
thimble is sucked into the sanitary baghouse as shown in Figure 2, and is

quite dusty because of the loading operationms.

Operation of the Afterburner

The exhaust from the blast furnace is sucked into the after-
burner where a natural gas flame burns the carbon monoxide and hydro-
carbons. The natural gas flow to the afterburner was designed to be con-
trolled by the afterburner temperature but the control system was inopera~
tive. The gas flow was adjusted manually to control the temperature to
approximately 1200 F. 1in the first sampling run, the afterburner was on
and the temperature was in the 1100-1130 F range. In the second run, the
afterburner was off the first 15 minutes and the last hour of the run.

The temperature was at a minimum cf 1100 F when it was turned on and the
gas was turned off when the tem;crature reached 1550 F. The temperature

continued to rise and peaked at 1700 F. It had cooled to about 1200 F

BAYTELLE — COLUMBUS
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at the end of the run. During the third run the afterburner was on and
the temperature was 1210 F 4+ 10 for the entire run. Large volumes of

air leak into the system through the afterburner.

Operation of Air Cleaning System

Gases from the afterburner pass through three cyclones in series
which remove larger particulates and cool the gas. The cyclones are cooled
by forced air blown over a cooling section and by evaporative cooling of
water on the tops of the cyclones. The outside of the cyclones are cooled
by natural convection. I1f the temperature of the gas ieaving the cyclones
is over 300 F, air is bled into the system to reduce the temperature to
300 F. The air bleed damper for this cooling air was closed during Run 1.
During Run2 it was open allowing several thousand cfm to enter the system,

and was closed, or opencd slightly for Run 3.

The dust from the cyclones is mixed with the dust from the bag-
houses in a closed system so that it was not possible to estimate the
relative amounts of dust collected in each system The amount of dust
collected in the dust collection systems was not measured, However, all
of it was fed back intc the furnace at a rate of abour 650 lb/hr.rrlf it
is assumed that 90 percent of the dust collected is from the smelting

process, uncontrolled emissions amount to 585 1lb/hr, or 160 to 235 pounds

of dust per ton of reclaimed lead.

SAMPLING AND ANALYTICAL PROCEDURES

The off-gases from the iead blast furnace were sampled for par-
ticulates, 802, COZ" X and CU, by the methods described in Appendix D
and the Federal Registe: of August 17, 1971. A single thirteen-point
traveree was made for the first particulate sample and the gas was sampled
for 3even minutes at each point. The points were those recommended for a
fourteen-point traverse with the points nearest the stack wall omitted
because cf possible warl dust contamination. The Project Officer authori-

zed use of this run although oniv a single traverse was made. Each of

SATTELLE — CDLUMSUS
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the other two runs was made using two thirteen-point traverses at right
angles to each other. Again, the points were those recommended for a

fourteen-point traverse with the points nearest to the stack wall omitted.
Each point was sampled for seven minutes. A 0.235-inch-diameter probe tip
was used for all samples. About 50 cu £t of stack gas was sampled during

Run 1 and 100 cu ft was sampled during each of Runs 2 and 3.

Particulate w2ight was obtained by dessicating the filter paper
to constant weight and measuring the increase in weight from the tare. The

probe was washed with acetone and the acetome evaporated to a constant

weight.

The 802 samples were taken simultaneously with the particulate
sample for a period of 1-1/4 hours during which time a sample volume of

about 7.5 cu ft was collected. The impinger 1iquid and washings were more

than 50 ml and, therefqgg!jghe sample was diluted to 100 ml for a con-

venient value when diluting for anclysis. One ml of the sample was

pippetted into an Erlenmeyer flask for analysis and was titrated against

0.01 normal barium perchlorate using a thorin indicator.

Two Orsat grab samples were taken simultaneously with the par-
ticulate sample from a point about 18 inches into the stack. Tﬁé’sample
was drawn directly into the analyzer through stainless steel and rubber
tubing. About 500 il of stack gas was drawn through the analyzer to
flush the sampling tube and then a 100-m1 sample was taken. It was ana-
lyzed as follows: the volume was adjusted to 100 ml ove¥ acidulated
water in the measuring burette; the CO2 was absorbed with potassium hy-
droxide solution, and the volume decrease measured, the oxygen was ab-
sorbed with alkaline pyrogallsl, and the volume decrease measured; and
CO was absorbed with acid cuprous chloride solution removing any acid

vapors with potass’ .n hyd niie sclution and the volume decrease measured.

BATTELLE -- CoLuMBULUS
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APPENDIX A

COMPLETE PARTICULATE RESULIS WITH SAMPLE CALCUTATIONS

SOURCE TESTING CALCUTATION FOﬁMS

1, 2, 3

Test No, 1, 2,

Name of Firm N.L.‘ Industries

Location of Plant Beecch Grove, Indiana

Type of Plant Secondary Lead

Runs 3

—

Contro) Equipment Afterburner, cyclones, and baghouse, in series

Sampling Point Locations _Stack

Pollutants Sampled _Particulates, S0, Orsat
Time of Particulate Test:
Run No. 1  Date 11/17/71  Begin _3:40 pm

Run No. 2 Date 11/18/71  Begin
Run No. _3 Date 11/18/71 Begin

9:15 am
1:55 pm

£nd 5:11 pm

End 12:23 pm

End 5:01 pm

i PRRTICULATE_EHISSTON DATA

Run No, X 2 3
Pb-baromctric pressure, in. Ng Absolutle 20,17 28.99 29,03
Phrbrifice pressure drep, in, H30 0.92 1.13 1.09
V -volume of dry %as sampled @ meter 56.5 117.7 112.4
conditions, ft .
¥
T, average gas meter temperature, F 103 86 89
Vo volume of dry gas samplierd @ 51.9 110.9 105.5
std. grandard conditions, ft3, dry
V,,— total 1,0 collected, irpingers 42.4 56.2 71.1
and silical gel., wl, =
V, - volume of watcr vapor collected 2,01 2.66 3.37
83s 13 @ standard conditions(2)
V. _ total gas volume, staudard 53,94 113.59 108.86
_“total conditions, 13
Moisture in the stackAgas volue, por- 3.7 2.3 3.1
cand
hd-m.lc fracticn of dry gis 0.96 0.98 0.97

(@) 70 T,.29.92 in, Nz
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PARTICULATE EMISSION DATA (Cont'd)

Run No. 1 2 3
co,, dry, percent 2.2 2.1 1.5
02,>dry, percent 19.°C 19.0 19.5
€0, dry, percent 0.5 0.2 Jeb
Nz,.dry, percent 78.3 78.7 78.6
MWy - molecular weight of dry 29.1 29,1 29.0
stack gas
M W - molecular weight of stack 28.7 28.8 vE7
gas L4 L
Tg - stack temperature, F 176 182 177
ﬁps x (T, + 460) 15.951 15.762 15.870
P, - stack pressure, in, Hg 29.2 29.0 29.0
absolute
V. - stack velocity @ stack 239% 2371 2393
conditions, fpm e
A - stack areca, in? © 1780 1780 1780
Qs - stack gas volume @ standard 23,200 22,905 23,120
conditions,(a) ft3 dry .
Ty - net time of test, min, 91 188 186
Dn - sampling nozzle diamcter, in. 0.235 0.235 *0.235
Percent 1 - percent isokinectic 100 105 100
m,. - particulatg probe
£ ]
and filter, mg 9.4 19.2 15.8
m, -'particulate;total, mg (b) 339,3 271.6
C.. - particulate, probe and
an ’
filter, gr/scf, dry 0.0028 0.0027 0.0023
C,o - particulate, total, gr/scf (b) 0.0471 0.0396

(a) 70 F, 29.92 in. Ng
(b) Not available.
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PARTICULATE EMISSION DATA (Cont'd)

1b/ton

Run 1 2 3

Cat - partigulate; ~probe and filter, 0.0022 0.0021 0.0018
gr/ft3 @ stack conditions

Cau - particulate; total, gr/ft3 (a) 0.0368 0.0310
@ stack conditions

¢ =~ particulate; probe and filter, 0.5541 0.5231 J.4570
1b/hr

Cax - particulate; total, 1b/hr (a) 9.2439 7.8565

C_ - particulate; probe'and filter,

Cpt - particulate; total 1b/ton lead (a) 3.6976 2.6189

. = lead emission; probe and ‘filter
1s gr/sce (b) ’ ’ (a) 0.00035 0.00033

gr/ft3 .

Cl‘h ~ lead emission; probe and filter,‘ (a) 0.0679 0.0648
1b/hr

Ci¢ - iead emission; probe and filter, (a) 0.0272 0.0216

(a) Mot available.
(b) 70 F, 29.92 in, Hg



EXAMPLE _PARTICULATE CALCULATIONS

SAMPLE NUMBER 3

1. Volume of dry gas sampled at standard conditions - 70 F, 29.

17.7 x Vg (}b*'Pm
Vm = . \ 13.6
std (T, + 460)

L03)

Ry K DAY Ry

pRebeng

= 105.5 ft3

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

v = 0,0474 % V.2
Voas w

Vigas = 0:0474 X 71.1

1 = 3,37 ft3
N
gA 3, Percent moisturc in stack gas
" 100 x V,, ~
%“M = Bos
v

—~cmy

+V
m .
std wgas

100 x 3.37
105.5 x 3.37

= 3,1 percent

4. Mole fraction of dry gas

_ 100 - 71
Nﬂ - 104

-

100 - 3.1
100

-
=

oy .

g2 in. Hg, £r3
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EXAMPLE PARTICULATE CALCUTATIONS (Cont'd),_

5. Average molecular weight of dry stack gas

= LI 32 . .28
M Wy (Coz.x 100) 4 (02 x 100) + (1\2 + CO0) x 100

= (1.5 x 0.44) + (19.5 x 0.32) + (79 x 0.28)

= 29,0

6. Molecular weight of stack gas

MW=MUW; x My + 18 (1 - Hd)

= 29,0 x 0,97 + 18 (1 ~ 0.97)

= 2847 R

7. Stack velocity @ stack conditions, fpm

1/2
= ']/ 1
Vs 4350 x APs x (Tg + 460) Qf:{'ﬂ"‘&) fpm
- 1/2
= 4350 x 15.87 29,0 x 28,7
= 2393 fmp

8. Stack gas volumc at standard conditioms: scfn

0.123 % V. x As x 2o
Q = > 2 S Md scfm

(TS + 460)

0.123 x 2393 x 1780 x 29.0 x 0,97
177 ¥ 460

= 23,120 scfm
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P Poland  Temed

9. Sampli

A-6

EXAMPLE PARTICULATE CALCUIATIONS (Cont'd)

ng velocity, percent of isokinetic

_ 1032 x (Tg+ 460) x Vmstd2
V_x T, x Pg X My x (Dp)

%1

1032 x (177 + 460) x 105.5
= 5303 x 186 x 29.0 x 0.97 (0.235)2

= 100 percent

10. Percent excess air at sampling point

100 x % 02
(0.266 x % NZ) - % 02

% FA =

100 x 19.5
(0.236 x 78.6) - 19.5

= 1385 percent

11. particulate - probe and fflucr, gr/scf

mf
h
0.C154 x 7

Mgtd

an

15.8_
105.5

0.0154 x

1t

0,0023 gr/scf

12. Particulate - total, gr/scf

-2 /m
= 1,54 x 10 2 <; t t)
\mstd

-2 271.
o 71.6

. —

1n5,5

(o}
H

ao

1
—
-
(9]
>
[
o

[t
o
L]
<
£
D
[0
as
[a]
~
n
[¢]
rh
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EXAMPLE PARTICUIATE CALCUIATIONS (Cont'd)

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

172.7xC xP M
an s d

cat (T8 + 460)

17.7 x 0,0023 x 29,0 x 0,97
177 + 460

= 0,0018 gr/ft>

14. Particulate, total, gr/ft3 at stack conditions

17.7 C P M
c = ao & d
au (Ts + 460)

17.7 x 0,0396 x 29,0-x 0,97
177 + 460

= 0.0310 gr/ft>

15, Particulate - probe and filter

chw = 0.00857 x Can X Qs 1b/hr
= 0,00857 x 0,0023 x 23,120

= 0,4570 1:/hr

16, Particulatz - total, 1lb/br

8.57 x 1072 ¢
ax e

c Qs

8,57 x 1073 x 0,0396 x 23,120

i}

7.8566 1b/hr
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EXAMPLE PARTICULATE CALCUIATIONS (Cont'd)

17.. Particulate; probe and filter, 1b/ton lead
cp = caw/R

s 0,457/3.0
= 0,1523 1b/ton lead

18. Particulate; total 1b/ton lead

cpt = cax/R

= 7,8566/3.0
= 2,6189 1b/ton lead

19. Llead emission; probe and filter, gr/scf
: my
Vi std
= 0.0154x 2241
105.5
= 0.00033 gr/scf

Cls = 0,0154 x

20. Lead emission; probe and filter, gr/scf
_ 17,7 x Gy x P x My

¢
(T, + 460)

a

17.7 x 0,00033 x 29.0 x 0,97
177 + 460

= 0,00026 gr/oct

21, lead emission; prote and-filter, 1b/hr

= "3 : ;
G1h 8.57 x lO £ Cyo > CS

. 8.57 x 10=3 x 0,00033 x 23,120
0.0648 1b/hs

1t

22. lead emission; probe and fiiter, ib/ton lead

Cl't = Clhl R

0,0648/3,0
G.0216 1b/ton lead
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APPENDIX B

COMPLETE GASEOUS RESULTS WITH SAMPLE CALCULATIONS

S0, EMISSION DATA

Run No. 1 2 3
Date (1971) 11/17 11/18 11/18
T, = average gas meter temperature, F 77 64 67

Py, = barometric pressure, in. Hg absolutg¢ 29,2 29.0 29.0
V, = volume of dry gas sampled @ meter 9.6 7.5 7.5

conditions, ft

Vv, standard 9.24 7.35 7.31
V¢ - volume barium perchlorate, ml 9.6 4.55 3.50
Vep - volume barium perchlorate blank, ml|f 0 0 0

N - normality of barium perchlérate 0.01 0.901 0.01
Vsoln = volume SOp soln, ml 100 100 100
Va = vclume aliquot, ml 1 1 1
Cso, - 1b/£t3 x 107 7.26 4.37 3,38
Cso; - ppm ‘dry) 440 264 204
Wso2 - 1b/hr 101 59 46




fomond

P

50, EXAMPLE CALCUTATTONS

RUN 2

1. vmstd =V, (Tged) (Ppar)

530  29.0
=7.5% 337 *39.9
= 7.35 ft°

2. C

7,05 x 1077 (V, = Vyp) (W) (Vgoq0)

502 Vagrp (V)

_7.05 x 10=5 x 4,55 x 0,01 x 100
7.35x1

3. Cso, pPm = 6.05x 106 x %50,

= 6.05 x 106 x 4.37 x 167
= 264 ppm

4. Wgo, = Cg0p X Qg X 60 1b/hr
=4,37 x 1073 x 22899 x 60

= 59,0 it/hr

1b/ft3



APPENDIX C

FIELD DATA

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




APPENDIX C

PRELIMINARY FIELD DATA

STACK GEOMETRY

Plant N.L. Industries, Beech Grove, Indiana

Test No. _1 Wall thickness, in. _1/4
Location Baghouse outlet Inside diameter of stack _47.5
Date 11/17/71 Stack area —_ (47.5)2 = 1780 in,2
4 12.4 f£t2
Percent Diameter for Distance. from Outside of
Point Circular Stack Sample Port, in.
1 : 1.8 7/8 ~1+ .75 = 1,75
2 sl 2.75 + .75 = 3.50
3 7 9.9 : 4,75 + .75 = 5.50
4 14.6 7.0 + .75 = 7,75
5 20.1 9.5 + .75 = 10.25
6 26.9 12,75+ .75 = 13,50
7 3%6.6 ' 17.5 + .75 = 18.25
8 63.4 30.5 + .75 = 31.25
9 73.1 | 35.0 + .75 = 35.75
10 7 79.9 - 38.25 + .75 = 39,0
_N}l 85.4 41,0 + .75 = 41.75
12 v 90.1 43.25 + .75 = 44,0
13 04.2 45.25 + ,75 = 46.0
14 98.2 ' 47.125+ .75 = 47.75
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VELOCITY TRAVERSE FIELD DATA

Plant N.L. Industries, Beech Grove, Indiana

Test Preliminary velocity traverse

Date 11/16/71

Operator Paul R. Webb

Meter AH 1.84

Clock
Time Point P, ‘n., HyO
6:53 pm 14E 0.3
S 0.3
12 | 0.4
11 0.4
i0 0.4
9 0.4
8 0.5
7 0.5
6 0.5
5 0.5
4 0.45
3 0.45
2 0.35
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PARTICULATE CLEANUP SHEET

Plant N,L. Industries, Beech Grove, Indiana

Date ‘November 17 and 18, 1971

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

RO, s  GeAns  BUNW S MMM R e sy e Wik g BRI

Run No. )} 2 K}
Impinger water volume, ml
Final 232 238 253
Initial 200 200 200
Collected 32 38 53
Drierite, weight, gm
Final 517.3 529.1 530.1
Initial 506.9 510. 512.0
Gain 10.4 18.2 18.1
Total moisture, gm plus ml 42.4 56.2 71.1
L 5,’ .
Probe, acetone wash residue, mg(a) 1.5 5.9 3.0
Filter weight, mg
Final 287.2 290.7 308.6
Tare 299.3. 277.4 295.8
Cain 7.9 13.3 12.8
Total pa:cticulaie weight, probe residue and
filter, mg 9.4 19.2 15.8
Weight residue frow chloroform-ether extract, mg
Impinger vacer {®) 70.2 75.6
Impinger wash waoter (b) 32.1 74.9
Total (b) 102.3 150.5
Weight residue frow aquecus phase, mg(a)
Impinger water , (b) 160.5 75.2
Impinger wash water . (b) 9.1 5.0
Total (b) 169. 80.2
\ N
Weight residue firom acetone wasiy, mg(a’ (b) 48.2 25.1
Total weipht, back half residue, mg (b) 320.1 255.8
Total weight, froat half plusback half, g 9.4 339.3 271.6

(s) Water and acctone blanks sudbtracied; water bl
acctone blark

(L) MNoc availablz,

ank =

¢.021 mg/ml.
0,027 mg/ml.
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GAS SAMPLING FIELD DATA

Date 11/18/71 Plant N.L. Industries, Beech Grove, Indiana
Material Sampled for 502

Barometric Pressure 29.00 in. Hg

Ambient Temperature 70 F

Run Number 2 Comments

Power Stat Setting Heated

Filter Used: Yes X No

Operator_ W.C. Baytos, D. Hupp

..Clock Meter Flow Meter Meter Temperature
Time (£t3) Setting (CFH) F
9:15 am 0 6.0 64
9:20 am 0.6 6.0 64
9:25 am 1.1 . 6.0 | 64
9:30 am _ 1.5 ] 6.0 64
9:35 am 2.1 6.0 63.5
9:40 am 2.6 6.0 63.5
9:45 am 3,05 6.0 63.5
9:50 am 3.5 6.0 63.0 -
9:55 am 4.0 6.0 63. %
10:00 am 4.4 6.0 62.5
10:10 am 5.3 6.0
10:15 am 6.0 6.0 65.0
10:20 am 6.5 6.0 65.0
10:25 am 7.1 6.0 66.0
10:30 am 7.5 — 6.0  65.0

Comments: Probe tewpciature, 180 F.
Recovered 67 ml - diluted to 100 ml.

___ Titration

nliquot, Titer, 0,01 N Ba(C10,)5
ml nl
1.00 4.52
1.00 4.58

blank 0
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GAS SAMPLING FIELD

DATA

Date 11/18/71 Plant N.L. Industries, Beech Grove, Indiana

Material Sampled for 802

Barometric Pressure 29.97 in.
Ambient Temperature 70 F
Run Number 3

Power Stat Setting Heated

Filter Used: Yes X No

Operator W.C. Baytos, D. Hupp

Hg

Comments:

-Clock Meter Flow Meter Meter Temperature
Time (£t3) Setting (CFH) F
3:40 pm 0 6.0 66
3:45 pm 0.5 6.0 66
3:50 pm 1.0 6.0 66
3:55 pm e 6.0 "
4:00 pm 2.0 6.0 67
4:05 pm 2.5 6.0 67
4:10 pm 3.0 6.0 67 —
4:15 pm 3.4 6.0 67
4:20 pm 4.0 6.0 67 =
4:25 pm 4.5 6.0 67 =
4:30 pm 5.0 6.0 67
4:35 pm 5.5 6.0 67
4:40 pm 6.0 6.0 68
4:45 pm 6.5 6.0 67
4:50 pu 7.0 6.0 66
4355 pr 7.5 6.0 66

Comments: Probe termperature, 190 F.
Recovered 67 ml - diluted
Titration
Aliquot, Titear,

ml mnl
1.00 3.50
1.00 3.50
hlank 0

to 100 ml.

0.C1 N Ba(C104),
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ORSAT GAS COMPOSTITION

Plant N.L. Industries, Beech Grove, Indiana

Date November 17, 18, 1971

€Oz, 02, co, N2,

Run Date Time Percent Percent Percent Percent
0 11/17/71 2:05 pm 0.6 19.0 0 80.4
1 11/17/71 3:20 pm 2.3 18.5 0.4 78.8
1 11/17/71 4:55 pm 2.0 19.5 0.5 78.0
1 Average 2.2 19.0 0.5 78.3
2 11/18/71 9:30 am 2.8 18.3 0.1 78.8
2 11/18/71 ll:éolgﬁ%;i 1.3 19.7 0.2 78.8
2 Average 2.1 19.0 0.2 78.7
3 11/18/71 2:35 pm 1.5 19.5 0.6 78.4
3 11/18/71 3:55 pm. 1.6 19.4 0.2 78.8
3 Average 1.5 19.5 0.4 78.6
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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 N, L.
Industries, Beech Grove, Indiana.

After selecting the appropriate gtack 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
gampling 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 tare weight 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 C is a record of the field data for the three tests
completed at N. L. Industries, Beech Grove.

After the completion of each test and the recording of the appro-
priate field dagé, the samplingnzfain 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 reroved 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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rinsed 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 drierite 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 and 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 blank values were relatively

high and may have reduced the results by as much as ten percent.
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The sampling procedures are those specified in the Federal Re-
gister, Volume 36, No. 159, dated August 17, 1971.

PROPOSED RULE MAKING
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- ' APPENDIN—TEST METHODS

METHOD 1—SAMPLE AXND VELOCITY TRAVERSFS
FOR STATIONARY SOURCES

1. Principle and applicability.

1.1 Principle. A sampling site and the
number of traverse points are selected to
ald In the extraction of representative
sample.

1.2 Applicubility. This methad shouid Le
applied only when specitied by the lest pro-
cedures for determining compliance witit
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43 Calculate the pitot tube cocfiicient
using Equation 3-1.

Ny

c'u.l= C'-ld 'y

equation 2-1
where:
Cy,., =Pitot tube coeflicient of Type 8
pitot tube.
€1, =Pitot tube cocfiicient of standard
. typ=~ pitot tube (if unknown, use
0.99). :
AP,,,=Velocity head measured by stand-
ard type pitot tube.
8P,,,,=Velocity head measured by Type 8
pltot tube.

43 Compare the coeflicients of the Type S
pitot tube determined first with one leg and

PLANY,

PROPOSED RULE MAKING

then the other pointed downstream. Use the
pitot tube only It the two cocflicients differ
by no more than 0.01.

8. Calculations.

Use Equation 2-2 to calculate the stack gaa
velocity.

T.a»
V,=KyCs v TN,
shere:

VemBlack giss veluity, fect per sceond (1.p.s).
fl. Ib. )ll’ when these units
ole=*R

equation 2-2

Ko=848 L0 \ o are used.
Cp=Pitot tube cocflicient, dimensiontess,

Tom Alsolute stuck gas temperatore, ©R.
Ap=Velocity heud of stack pas, In 110 tsee fig. 2-2).
Vo= Absalitie stick pas ,m-smm‘. tn g,

M, = Molceular weight of stack gas, b ib.-mole.

DATE

RUN NO.,

STACK DIAMETER, In.

SAROMETRIC PRESSURE, in. Hg,
STATIC PRESSURE IN STACK (PQ), in. Hg.

OPERATORS, SCHEMATIC OF STACK
CROSS SECTION
Traverse point Velocity head, Stack Temperature
. Ml'li’:: in. Hzo VAP %,'OF
|
- .
AVERAGE: i

Figure 2-2, Velosily baverse data.

15711

Figure 2-2 shows & sample recording sheet
for velocity traverse data. Usc the averages in
the last two columns of Figure 2-2 to deter-
mine the averagc stack gas velocity from
Equation 2-2.

8. Rcferenccs.

Mark, L. S. Mechanical Engineers’ Hand-
book. McGraw-Hill Book Co., Inc., New York,
1951,

Perry, J. H. Chemical Engineers’ Handbook.
McGraw-Hill Book Co., Inc., New York, 19G0.

Shigehara, R. T., W. F. Todd, and W. S.
Smith. Significance of Errors in Stack Sam-

pling Mcasurements. Paper presented at ihe
Annunl Meeting of the Air Pollution Control
Assoclation, St. Louis, Mo, June 14-13, 1970.

Standard Method for Sampling 8tacks for
Particulate Matter. In: 1971 Book of ASTM
standards, Part 23. Philadelphia, 1971. ASTM
Pesignation D-2928-71.

Vennard, J. K. Elementary Fluid Mechanics.
John Wiley and Sons, Inc., New York, 1947.

SMETHOD 3—CAS ANALYSIS FOR CARBON DIOXIDE.

ZXCESS AIR, AND DRY MOLECULAR WEIGHT

1, Principle and applicability.

1.1 Principle. An integrated or grab gas
sample is extracted from o sampling point
and analyzed for its components using an
Orsat analyzer.

1.2 Applicability. This method should be
applied only when specified by the test pro-
cedures for determlning compliance with New
Source Performance Standards.

2. Apparatus.

2.1 Grabeample (Figure 3-1).

_ 2.1.1 Probe—Stainless sleel or Pyrex?
glass, equipped with a filler o remove par-
ticulate matter.

2.13 Pump-—-One.way squeccze bulb, or
equivalent, to transport gas sample to ana-
lyzer.

22 Integrated sample (Figure 3-2).

23.1 Probe—Stalnless Bleel or Pyrex *
glass equipped with a filter to remove par-
ticulate matter.

232 Air-cooled. condenser—To remove
any excess moisture.

223 Needle valve—To adjust flow rate.

224 Pump—-Leak-fres, diaphragm type.
or equivalent, to pull gas. .

228 Rate meter—To measure a flow range
from 0 to 0.035 c.fm.

226 Flexible bag—Tedlar,! or equivaient,

with a capacity of 2 to 3 cu. fL. Leak test the
bag in the laboratory before using.

227 Pitot tube—Type 8, or ecquivalent,
attached to the probe so that the sampling
flow rate can be regulated proportional to the
stack gas velucity when velocity is varying
with time or a samnple traverse is conducted.

2.3 Analysis.

2.3.1 Orsalanalyzer, (7 equivalent.

3. Proceduic.

3.1 Grabsomaling.

31.1 Sct up tne equipment &s shown In
Figure 3-1. Place the probe in the stack at &
sampiing point and purge the sampling line.

: Trade name.

FEDERAL REGISTER, Vui 34, 11D, 159-—TUeSDAY, AUGUST 17, 1971
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FILTER (GLASS WOOL)
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FLEXIBLE TUBING

T0 ANALYZER

SQUEEZE BULB

Figure 3-1. Grab-sampling train,

AIR-COOLED CONDENSER
PROBE

FILTER {GLASS WOOL)

L ——

RIGID CONTAINER

RATE METER

QUICK DISCONNECT

BAG

Ve A8

/ -

Figure 3-2. Integrated gas - samphing train,

3.1.2 Draw sample into the analyzer.

3.2 Integrated sampling.

3.2.1 Evacuate the flexible bag. Set up the
equipment as shown in Figure 3-2 with the
bag disconnected. Place the probe in the
stack and purge the sampling line. Connect
the bag, making sure that all connections
ar> tight and that there are no leaks,

3.22 Sample at a rate proportional to ths
stack gas velocity.

3.3 Analjsls,

3.3.1 Determine the COz, 02, and CO con-
centretians as soou as pussible. Make as many
passes as Loe Lecessary Lo give constant read-
ings. If more than 10 passes are neces.ary,
replace the atsorbing soiution.

3.5.2 For integrated sampling, repeat the
anslysis until threc consecutive runs vary
no more than 0.2 percent by volume for each
component being analyzed.

4. Calculations.

4.1 Cerbor. dioxtde. Average the tlree
ecnsecutive runs and report result to the
1eesest 0.1 percent COz.

32 Excess atr. Use Equation 3-1 w cal-
culate excess nir, and fverage the runs. Re-
oot the result to the neaest 0.1 percent
exceoss air.

A=
(% 05) —0.5(% CO)

—- . . _._/ P2 SN — e Y
0261077 Ng) — ("o O3)4 0.5(v CO) <100

equation 3-1

where:
<, EA=Percent excess air.
% 0,=Percent oxygen by volume, dry
B!

%N’,:Pe;tni nitrogen by volume, dry
1S,

«,CO=Percent cerbton monoxide by vol-
ume, dry basis.

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

43 Dy mo'eculrr wright. Use Equation
3-3 to calculats dry mclecular weight axd
a-erage the runs. Report the result to the
neares: teath

Me=042(% CO,) +C.32(% O,)
40.28(% N,+ % CO)
Equation 3-3

where:
M,;=Dry molecular weight, 1b./1b.-
mole.
%, CO,=DPercent carbon dloxide by vol'imz,
dry buls.
~Q,-.T:rzeni oxpgen by volwne, dry
basis.
¢.N,=Percent nitrop:u by volunie, dry
basis.

0.44 -z Molc.ular weight of carbon dloxide
divided by 100.

032-:-Moleculir welght of  oxygen
divided by 100.
028 — Moleccular  weight of mitrogen

diviced by 100.

5. Refercnces

Altshuller, A. P., et nl. Storage of Qascs
and Vapors in Plastic Bags. Int. J. Air &
Water Pollution. 6:75-81. 1963.

Couner, William D, and J. 8. Nadler. Alr
Sampling with Plastic Bags. Journal of the
American Industrial Hygiene Association.
25:291-297. May-June 1963.

. Devorkin, Howard, et al. Alr Pollution
Source Testing Manual. Alr Pollution Con-
trol District. Los Angeles. November 1963.

METHOD 4—DETERMINATION
STACK GASES

1. Principle and applicability.

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

1.3 Applicability. This method is appli-
eable for the determination of moisture in
stack gas only when specified by test proce-
dures for determining compliance with New
Source Performance Standards. This method
does not apply when liquid droplets are pres-
ent in the gas stream.*

Other methods such as drying tubes, wet
bulb-dry bulb techniques, and volumetr.c
condensation techniques may be used sud-
ject to the approval of the Admiuistrator.

2. Apparatus.

21 Probe—Stainless steel or Pyrex! giass
suficiently heated to prevent condensation
and equipped with a filter to remove par-
ticulate matter.

2.2 Impingers—Two midget Impingers.
each with 30 mil. capacity, or equivalent.

23 Ice bath contalner—To condense
motisture in impingers.

2.4 Silica gel tube—To protect pump and
dry gas meter.

2.5 Needle valve—To regulate gas flow
rate. .

2.6 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.

28 Rotameter—To measure a flow range
from0to 0.1 c.f.m.

2.9 Balance—Capable of measuring to the
nearest 0.1 g.

2.10 Barometer—Sufficient to read to
within 0.1 in. Hg. B

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

3. Procedure.

3.1 Piace about 5 ml. distilled water in
exch Impinger and weigh-the impinger and
contents to the nearest 0.1 g. Assemble the
spparatus without the probe as shown in Fig-
ure 4-1. Leak check by plugging the inlet to
the first impinger and drawing & vacuum. In-
sure that flow through the dry gas meter i3
jess than 1 percent of the sampling rate.

3.2 Connect the probe, and sample at a
constant rate of 0.075 ¢ f.n. or at a rate pro-
portional to the stack gas velocity not to ex-
ceed 0.075 c.f.m. Continue sampling until the
dry gas meter registers 1 cu. {t. or until visible
liquid dropless are carricd over from the firse
impinrer to the second. Record temperature,
pressure, arnd dry gas me.er reading as re-
quired vy Figure 4-2.

3.2  Afier collecting the samplc weish the
impiagers and their contents again to the
nearest 0.1 g.

OF MOISTURE IN

.

1 Trade name.

2 If liquid droplets are present in the gas
stream. nasume the stream to be saturated,
determine the average stack 7as tumperatiro
(Methiod 1), and use & psychrometrie chart
to ohialn an approximation of the mo.sture
percan’age.
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Calculations. ‘

41 Volume of water collected.

Vo=~

(W= WORTwa_
PuaMe

1 .
(0.0474 T) (Wi—W))
equation 4-1

where

\

T Volume of water vapor collected
{standard conditions), cu. ft.

SILICA GEL TUBE

PROPOSED RULE MAKING

We=Final welght of impingers and
contents, g.

wWi=Initial welght of impingers and
contents, g.

=1deal gas “comstant, 21.83-in. Hg—

cu. ft./1b. mote-* R.

T,..=Absolute temperature 8t standard
conditions, 530° R.

P, =Fressure at standard conditions,
29.92 In, Hg.

My =Molecular weight of
1b./1b. mole.

water, 18

\
DRY GAS METER
$CE BATH
Figue 4-1. Moisture -sampling train,
LOCATION COMMENTS
TEST
DATE
OPERATOR
BAROMETRIC PRESSURE B
GAS YOLUNE THROUGH
METER, {Vm), ROTAMETER SETTING, | METER TEMPERATURE,
CLOCK TIME £3 13, min o5

Figure 4-2, Ficld melsture dsteemination.

rgr- 3AL REGISTER, VOL. 36, KO,

15713
4.2 Gasvolume.
v .I'- 'rnd
Vie=Via (P.;d-) "T'... =
R _\VaP.
(17'71 in. lig) Ta equation 4-2

where:

Vme=Dry gas volume through meter at
standard conditions, cu. ft.

V= Dry gas volume measured by meter,
cu. ft.

P =—PBarometric pressure at the dry gas
meter, in. Hg.

P, =Pressure at standard conditions,
29.92-1n. Hg.

T, =Absolute temperature at standard
conditions, 530° R.

Twu=Absolute temperature at meter
{°F.+460), °R.
4.3 Molisture content.
Ve Y, -
-~ BT > B B\. = -.—'"';" B 2
R \’-u‘*" n-+ " \'-c+\-.+ (00 ,)

cquation -3

where:

Bw.=Proportion by volume of
vapor in the gas stream,
sionless.

Vee=Volume of wafer vapor collected
(standard conditions). cu. fr.

Vme=Dry gas tolume through necter
(standard conditions), cu. ft.

Bem=Approximate yolumetric propor:ion
of water vapor in the gas sirean
leaving the impingers, 0.025.

8. Referenccs.
Ajr  Pollution Engineering Manual.
Danielson, J. A. (ed.). U.S. DHEW, PHS.
Natlonal Center for Atr Pollution Control.
Cincinnati, Ohlo. PHS Publication XNo.
099-Ap 40. 1967.
Devorkin, loward, et al. Alr Pollution
Source Testing AManual. Air Pollution Cene-
trol District. Lor Angeles, Calif. November

water
dimen-

1963.
Methods for Determination of Velecity,
of Oascs.

Volume, Dust and Mist Cuntent
Western Precipitation Division of Joy 3anu-
facturing Co.. Los Angeles, Calif. Bullel:n
WP-50. 1968.

METHOD 5.~ DETERMINATION OF PARTICULATE
EMISSIONS FROXL STATIONARY SOURCES

1. Principlc and applicability.
~ 11 Principle. Particulate matter is with-
drawn isckinetically from the source and 11§
weight 13 detennined grm'lmc‘.nm‘.l:: aiter
removal of uncombined water.

1.2 Applicahility. This method is app.ich-
ble for the determination of particulate
emissions from stationary sources only when
specified LY the test procedures fur cerer-
mining compiiance with New Source Per-
formance Stalidards.

2. Anparatus.

21 Sampling train. The design specifica-
tionr of the particulate sempling (rain used
by EPA (Fipure 5-1) arc described APTD-~
0581. Commercial models of this wain are
available.

21.1 Nozzle—Stainless steel (316) with
sharp, tapered leading cdge.

212 Probe—Pyrex? ginss with a heating
system capabic of naintaining a gas tempera-
turo of 250° F. at the exle end during
sampling. When tempernture OF jencth
Limitations are encountcred, 316 stainless
stecl, or equivalent, may be uscd, as approved
by the Adminisirator.

159—TULSLAY, AUCJST 17, 1971
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213 Pitot tube—Type B, or equivalent,
sttached to probe to monitor stack gas
velocity.

214 PFliter holder—Pyrezt glass with
heating system capable of malntaining any
temperature to 8 maximum of 225° P.

215 Impingers—Four impingers con-
nected in serles with glass bail joint fittings.
The first, third, and fourth impingers are of
the Greenburg-Smith design, modified by re=

HEATED AREA

REVERSE-TYPE
PITOT TUBE

PITOT MANOMETER
ORIFICE
DRY TEST METER

PROPOSED RULE MAKING

placing the tip with a 14-inch ID glass tube
extending to l3-inch from the bottom of the
flask. The second impinger is of the Green-
burg-Smith design with the standard tip.

2.1.6 Metering system—Vacuum gauge,
lenk-frece pump, therinometess capable of
measuring temperature to within 5° F., dry
gosa meter with 4 percent accuracy, and re-
lated equipment, or equivalent, as required
to malntain an isokinetic sampling rate and
to determine sample volume.

FILTER HOLDER  THERMOMETER  CHECK

VALVE
/

VACUUM
LINE

BY-PASS,VALVE

VACUUM
GAUGE
MAIN VALVE
AIR-TIGHT
PUMP

Figure 5-1. Particulate-sampling train.

219 Barometer—To measure atmospheris
pressure to 0.1 in. Hg. -
2.3 Semple recovery.
23.1 Probs brush—At least as long as
probe.
222 Glass wash bottles—Two.
223 Glass sample storage containers.
224 Graduated cylinder—250 ml.
2.3 Analysis,
23.1 Glass weighing dishes,
2.3.2 Dericcator.

33.3 Anslytical balance—To measure to

=+ 0.1 g,
234 Beakers—250ml.

$ Trade name.

2385 Separatory funnels—500 mi. and
1,000 ml.*’ .

236 Trip balance—300 g. capacity, to
measure to +3.05¢.

257 Graduated cylinder—25 ml.

3. Rzagents.

3.1 Sampling

3.1.1 Filters—Qlass fiber, MSA 1108 BH,
or equivalent, numbered for identification
and preweigned.

8.13 Silica gel—Iudicating type, 8 to 16
mesh, drled at 175° C. (350° P.) for 2 hours.

3.1.3 Water—Deionizcd, distilled.

3.1.4 Crushedice.

3.2 Sample recovery

321 Water—Detlonized, distilled.

3.2.2 Acetone—Rcagent grade.

3.3 Analysis

3.3.1 Water—Delonlized, distilied.

3.33 Chloroform—Rengent grade.

3.3.3 Ethyl ether—Rcagent gride.

3.3.4 Desiccant—Drlerite,! indicating.

4. Procedure. =

4.1 Sampling.

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

4.12 Preparation of collection train.
Weigh to the nearest gram approximately
200 g. of silica gel. Label a filter of proper
dianieter, desiccate? for at least 24 howrs
and weigh to the nearcst 0.5 mg. in a room
where the relative humidity is less than
50 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 stlica gel in the fourth im-
pinger. Save a portion of the water for use
23 a blank In the sample analysis, Set up the
train without tho probe es in Figure 3-1.
Leak check the sampling traln at the sam-
pling site by plugging the inlet to the filter
holder and pulling a 15-in. Hg vacuum. A
leakage rate not in excess of 0.02 cf.m. at a
vacuum of 15-in, Hg is acceptable, Attach
the probe and adjust the heater to provide »
gas temperature of about 250° F. 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.

413 Particulate train operation. For each
run record the data required on the example
sheet shown in Figure 5-2. Take readings
at each sampling point at least every 5 min-
utes and when significant changes in stack
conditiors necessitate sdditionsl adjust-
ments in flow rate. To begin sampling, po-
sition the nozzle at the first traverse point
with the tip pointing directly into the gas
stream. Immediately start the pump and ad.
just the flow to isokinetic conditions. Main-
tain isokinetic sampling throughouit the
sampling perlod. Nomographs are available
which ald in the rapid adjustment of the
sampling rate without other computations.
APTD-0576 detalls the procedure for using
these nomographs, Turn off the pump at the
oconclusion of each run and record tlie final
readings. Remove the probe and nozzle fro:n
the stack and handle in accurdance with the
s;mple recovery process-described In section
42

8 Dry using Drieritadaat 70° £10° I
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AVBIENT TEMPERATURE
BAROMETRIC PRESSURE —
ASSUMED MOISTURE, %

HEATER BOX SETTING

PROBE LENGTH. M e
NOZZLE DIAMETER, in. .
PROBE HEATER SETTING .

BETERAH 3
C FACTOR SCHEMATIC OF STACK CROSS SECTION
PRESSURE
DIFFERENTIAL
ACROSS GAS SA“PLE TEJPERATURE
ORIFICE AT DRY GAS JETER
SAMPLING |  STATIC STACK VELOCITY METER GAS SAPLE SAUPLE BOX | FPINGER
TRAVERSE POINT TINE PRESSURE | TEXIPLRATURE | HEAD (A H) VOLUIE INLET OU“-H; TEMPERATURE, | TEWPERATURE.
NuBER to}, min, | {Pg). in. Hg.| (T °F (aPy), in. H;0 v, 13 | (Tm g LOF | (M out F of ag
TOTAL Avg. Avg.
AVERAGE Avg.

42 Sample recovery. Exercise care 111 mov -
ing the collection train from the test site w0
the sample recovery area Lo minimize the lo.s
of collected sample or the gan of extraueous
particulate matter, Set aside portions of the
waier and acetone used in the sample recov-
ery as blauks fur analysis. Piace the sanples
in containers as follows:

Container No. 1. Remove the filter from its
holder, place iu this contamer, aud seal.

Container No. 2. Place luose particulate
matter and aceione washiags from ail com-
ple-exposed surfaces prior 1o the filter in this
contuli.er and seal. Use a rawor aiade, bru-h.
or rubher policeman to loosel, adherit.g par-
ticles.

Container No. 3. Measure the voiume of
water from the first three impingers and
place the water in this conta.aer. Plain . ater

Figure 5-2, Particulale field data.

rinsings of all sample-exposed surfaces be-
tween the filler and fourth impinger in this
container prior to sealing.

Coitainer No. 4. Transfer the silica gel
f:om the fourth impinger to the original
container and seal. Use a rubber policeman
as an ad in removing silica gei from the
impinger.

Container No. 5. Thoroughly rinse all sam-

ple-exposed surfaces between the filter and

fourth impinger with acetone, place the
washings in this colnitainer, and seal.

43 Anahsis. Record the data reguired on
the cxample sheet shown in Figure 5-3.
Handle each Lainple container as foilows:

Coutainer Nou. 1. T ansfer the filter and any
lonse particuiate matter from the sample
cout.ner to a tared glass weighing dish, des-

sicate, and dry to a constant welght. Report
resuits to the nearest 0.5 mg.

Container No. 3. Transfer the acetone
washings to a tared beaker and evaporate to
dryness at ambient tempersture and pres-
sure. Dessicate and dry to & conatant welght.
Report results to the nearest 0.5 mg.

Coutainer No. 3. Extract organic partictiate
from the impinger solution with three 25 ml.
portious of chloroform. Compiete the ex-
traction with three 25 mil. portions of ethyl
ether. Combine the ether and chloroform ex-
tracts. transfer to A -tared beaker and evapo-
rate at 70° P. until no solvent remains. Dese
sicate, dry to a constant weight. and report
the results to the nearest 0.5 mg.

Container No. 4. Weigh the cpent silica
ge! and report to the nearest gram. |

-

L]
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PLANT
DATE
&UN NO.
WEIGHT OF PARTICULATE COLLECTED,
CONTAINER m3
NUMSER
FINAL WEIGHT TARE WEIGHT | WEIGHT GAIN
1
2
3a°
3ben
5
TOTAL

*3a - ORGANIC EXTRACT FRACTION.
#23) - RESIDUAL WATER FRACTION.

VOLUME OF LiQUID
WATER COLLECTED
IMPINGER - - |.. SILICA GEL
- VOLUME, " 17 WEIGHT.
ml 9
FINAL
INITIAL
LIQUID COLLECTED
JOTAL VOLUNE COLLECTED e m

¢ CONVERT WEIGHT OF WATER 10 VOLULE BY DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER. {1 9/nl):

INCREASE. ¢
{1 g/al)

e VOLUME WATER, mi

Figure 5-3. Analytical data.

Contalner No. 5. Transler the acetone
washings to a tared beaker and evaporate to
dryness at Ambicnt tetuperature and pres-
sure. Desiceate, dry to a vonstant <eight. and
Teport the results to the nearest 0.5 ma.

5. Caiibratic.

Use s:andard me'hods and equipnic..’ A=
preved by the Adnitulstrator to calibzu'
she orifice meter, pitot wube. dry pLn neter,
ar.-l probe l.eatrr.

6. Celerlations.

6.1 Sampie concentratlon nicthod.

6.1.1 AVETILe QT £ meler temix o ure,
Sce d-ta sheet (Frgpuse 5-2).

€12 Dry pas velume. Correct the nonple

FLOER/} FEGISTIR, VOL. 36, HO.

volunie measured by the dry gas meter to
standard conditions (70°* F., 29.92 in. Hg) by

using Equation 5-1.
All
N o
\'.._ ..__\'w (_ :!_ﬂ) . 130
o ' T L Pnd
all
PI.-'+

IS N . 1346
(”-“ ..;rn"g)“-"’ e

equation 5 1

where:

VY, =Volume of gas sample through the
dry gas meter (standard conti-
tions), cu. 1t.

Va=Volume of gns sample through the
dry gas meter (mncicr conditions),
cu. ft.

T,.=Absolute temperature at standard
conditions, 530 °R.

Tw= Average dry gns meter temperature,
.

1

P,,,—Barometric pressure at the orifice
meter, in. Hg.
AH=DPressure drop across the orifice
meter, in H.O. :
13.86=Specific gravity of mercury.
P,,. = Absolute pressure at standard con-
ditions, 29.92 in. Hg.

6.1.3 Volume of Water vapor.

v (2O (R
v'.u"‘\l.(f\'f“;‘(j : =

Pold
en. f1.\,.
(0.0474 —-m-l-_--)\ "
equation 3-2

where: .
Vw,,.=Volume of water vapor In the gas
sample (standard conditions), cw.

1.
Vi, =Total volume of liguid collected in
smpingers and silica gel (sce Fig-
ure 3-3), ml.
pu0==Density of water, 1 g./mi.
X 0= Molecular weight of water, 181D. Ib.
mole. '
R=1Ideal gas constant, 21.83 in Hg-cu.
£¢./1b, mole-‘R.
T, s =Ahsolute temperature at standard
conditions, $30° R.
P, =Absolute pressure at standard con«
ditions, 29.92 in. Hg.

6.1.4 Total gas volume.

Viaar=Vmae Ve, 0
equation $-3

where:

Ve =Tota volume of gas sample (s:and-__

ard conditions), cu. 8.
Vi, =Volume of gas through dry gas
meter (standard conditions), cu.
1.
Ve, ,=Volume of water vapor in the gas
sample (standard conditions), cu.
1t —
615 Total paruc\%;g weight. Determine
the total particulate Clteh from the. sum cf
ahe weights on the analy:is data sheet (Fig-
ures 3).

6.1.6 Concentration.

= L AYES
e/ = (0.01.)4 mg.) (v'"m)

equation 5-4

where:
¢, = Concentration of particulate ral ter
in stack gas (Sample Concentia-
tion Method), gr.'s.c.1.
M.::Total amount of particulate mase
ter coliccted, mg
V., 0= Totul volume of gus sawsple (stand-
ard conditions), cu. ft.
€2 Raulo of area method.
621 Siack gas velocity. Collect the neces-
sary datn as detailed In Aethod 2.-Correct the

$9—TUESDAY, AUGUS‘I‘\L 1971
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23.1 Pipettes—Transfer type, $ ml. and
10 ml. sizes (0.1 ml. divistons) and 25 ml
size (02 ml. divisions).

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

233 Burettes—3 ml. and 50 ml.

234 Erlenmeyer flask—125 ml.

3. Reagents.

3.1 Sampling.

31.1 Water—Declonized, distilled.

3.132 1Isopropanol, 80 percent—Mix 80 ml.
of isopropanol with 20 ml. of distilled water.

3.1.3 Hydrogen peroxide, 3 percent—dilute
100 m). of 30 percent hydrogen peroxide with
900 ml. of distilled water. Prepare fresh daily.

32 Sample recovery.

321 Water—Deionized, distilled.

3232 Isopropanol, 80 percent.

3.3 Analysis.

33.1 Water—Dcionized, distilled.

3.3.2 Isopropanol.

3338 Thorin indicator-—1-(o-arsonophen=-
ylazo) -2-naphthol-3, -disulfonic acld, diso~
Qlum salt (or equivalent). Dissolve 0.20 g.
in 100 ml. distiiled water.

33.4 Barlum perchlorate {0.01N)—Dis-
solve 195 of barium perchlorate
{B2(C10,),-3H.O] in 200 ml. aistilted water
and dilute to 1 liter with tsopropanol. Stand.
ardize with sulfuric scid.

435 Sulfturic acid standard (0.01N)—
Purchase or standardize sgainst a primary
standard to :+0.0002N.

4. Proccdure.

4.1 Sampling.

4.1.1 Preparation of collectlon train. Pour
15 ml. of 80 percent isoprupanol into the
midget bubbler and 15 ml. of 3 percent hiydro-
gen peroxide to cach of the first two midget
smpingers. Leave the final midget Impinger
dry. Assemble the train as shown In Figure
6-1. Leak check the sampiing train at the
sampling site by plugging the probe inlet and
pulling & 10-in. Hg vacuum. A leakage rate
not in excess of 1 percent of the sampling
mte Is acceptable. Carefully relense the probe
inlet plug and turn off the pump. Place
crushed ice around the imipingers. Add more
ice during the run o keep the tempernture
of the gascs leaving the last impiunger at
70° P. or 1258,

4.13 Sample collection. Adjust the sam-
2@ flox rate proportional to the stack s
velocity. Take read.ngs at least every 5 nune-
utes and when significans ehanges in stack
oonditions meccssitate additienel adjuste
ments in flow rate. To begin samplirg, fotis
tion the rorzle with the tip poiniing dircetly
into the gas stream and start the pump, Same
ple proport onally throughout the run. At the
oonclusion of esch runm, tura oif the pump
and record the flual readings. Remove the
probe from the stack ard disconncet it from
the train. Drain the ice bath and purge e
remaliniug part of ile train by drawlag ciean
smblent air through the s:stem for 13 min-
uwes.

.4.2 Sample recovery. Disconncet the im-
pingers after tue purging period. Discard
the contents ¢! tne midget bLubbler. Pour
the contents of the midygcet Impingers into
a polyethylene shipment Mttie. Kinse th:e
three mldgel inp.npeets and the cotneoing

rtu"AL REGISTER,

PROPOSED RULE MAKING

tubes with distilied water and add theso
washings to the same stornge contalner.
43 Sample analysis. Transfer theo cone
tents of the storage containcr to & 80-ml.
volumetric flask. Dilute to the mark with

. delonized, distilled water. Pipette a 10 ml.

aliquot of this solution to a 125-ml. erlen-
mycr flask. Add 40 ml. of isopropanol and 3
to 4 drops of thorin indicator. Titrate to »
pink endpoint using 0.01N barium perchlo~
rate. Run & blank with each scries of
samples,

b. Calidration.

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

53 Standardize the sulfuric acid with po-
tassium acid phthalate ss a primary stand-
ard. Standardize the barium perchlorate
with 25 ml. of standard sulfuric acid con-
taining 100 ml. of isopropanol.

6. Calculations.

8.1 Dry pas volume. Correct the sample
volume measured by the dry gas meter W
standard conditions (70° F. and 29.92 in.
Hg) by using Equation 6-1.

= T_-Ld) ?&2) -
v-”‘_v.( Ta / \Pus )
et *R_Y Vel
(1’(.41 in. Fig/ Ta  equation 6-1

where:

Va,,.=Volume of gas sample through the
dry gas meter (standard condi-
tions), cu. ¢,

¥w=Volume of gas sample throvgh the
dry gas meter {merer conditions),
cu. ft.
T, s =Absolute temperature at standard
conditions, 530° R.
. TaAverage dry gas meier tempcrature,
‘R

P,.,=Barometric pressure nt the orifice
meter, in, Hg.

=Ahsolute pressure at standacd cone
ditions, 29.92 1n. Hg.

82 Sulfur dioxide concentration.

od

Ceuy; ™ v
bty VoYW (V) 'T;*)
(7.&5 g [ e v *
_g-ml. s
equation G-2
where:

g 0,2=Conceniiation of sulfur ai-
*" oxide et standard conditions,
dry basls, 1b./cu. ft.
7.05x 10 f =Converslon  factor including
the number of grams per grum
equivalent of sulfur dioxide
(32 g./g--€4.). 4736 £ /10., and
1,000 mi.1, 1b.-3./g.-ml.
V,= Voluu.e of bariun perchlorate
titrant used for the swunple, ml
V,,=Volume of barinm percilorate
titrant used for the blunk. ml
N =Normality of burium perchlo-
rate titrant, g.-eq./l

VOL. 36, NO. 159—TULSDAY, AUGUST

Veeta=Total solution volume of sulfur
dioxide, ml,

Ve=Volume of sample aliquot
titrated, ml.

Vi, q=Volume of gns sample through
the dry gas meter (standard
conditions), sce Equation 6-1,
cu, ft.

7. References.

Atmospheriec Emissions from Sulfurtc Acld
Manufacturing Processes. U.S. DHEW, PHS,
Division of Alr Pollution. Public Iiealth Serv-
tce Publication No. 999-AP-13. Cincinnatl,
Ohio. 19GS.

Corbett, P. P. The Dctermination of 8O,
and SO, tn Flue Gases. Journul of the In-
stitute of Fuel, 24:237-243. 1961,

Aatty, R. E. and E. K. Dichl, Mcasuring
Flue-Gas SO, and SO, Power 101:94-97.
November 1957.

Patton, W. F. and J. A. Brink, Jr. New
Equipment and Techniques for Sampling
Chemical Process Gascs. Paper presented at
the 55th Annual Meeting of APCA. Cricago,
111, May 20-24, 1962.

METHOD T—DETERMINATION OF NITROGEN
OXIDE EMISSIONS FROM STATIONARY SOURCES

1. Principle and applicavility.

1.1 Principle. A grab sample Is collected
in an evacuated flask containing & dtlute
sulfuric acid-hydrogen peroxide absorbing
solution. and the nitrogen oxides, except Tii-
trous oxide, are meusured colorimetrically
using the phenoldisulfonic acid (PDS)

procedure.

1.2 Applicabilily. This method is applica=
ble for the messurement of nitrcgen oxides
from stationary sources only when specified
by the test procedures for determining come
pliance with New Source Performance
Standards.

2. Apparatus.

2.1 Sampling. See Figure 7-1.

21.1 Probe—Pyrext glass, heated. with
filter 10 remove particulate matter. Heating
18 unnecessary if the probe remains dry dur~
ing the purging period.

212 Collection flask—Two litter, Pyrex?
round bottom with short neck and 24 40
standard taper opening, protected against
implosion or breakage, . -

213 Flask valve—T-kore stopcock con-
nected to a 24,40 standard taper joint.

214 Tewperature gruge—Dinl-type ther-
mometer, or equivalent, capable of measur-
ing 2° F. intervals frg@-25° to 123°.F.

215 Vacuum lInt=—Tubing capable of
withstanding & vacuum of 3-in. Hgr absolute
pressure, with “T” eonnection and T-bore
stopsock, or equivalent.

216 Pressure gauge—U-{ube manom-
eter, 36 inches, with 0.1 inch divisions, or
equivalent.

217 Pump—Capable ¢f producing a vac-
uum of 3-in, IIg absolut2 pressure.

218 Squceze bulb—One way.

223 Sample recovery.

221 Flipette or dropper.

22.2 Glass storage contajners—Cushicned
for shipping.

3 Trade name.

17, 1971
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APPENDIX E

LABORATORY REPORT

BACK HALF IMPINGER WATER RESIDUE PHASE
ANALYSIS BY WET CHEMISTRY

Plant N.L. Industries, Beech Grove, Indiana

Date November 18, 1971

Run No._2
Organic, Inorganic, Total,
mg mg mg
Split Residue Mass Before Analysis 35.1 80.2 115.3
Constituent Mass per Split Residue
804 .5 ‘< 0.3 <0.3 < 0.3
Total Sample Residue Mass 70.2 ::g::(a) 230.7
Constituent Mass per Total Residue
80, < 0.6 < 0.6 < 0.6
80, ' 1.4 71.4 72.8

(a) Water blank subtracted; water blank = 0.021 mg/ml.
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BACK HALF IMPINGER WATER LIQUID PHASE
ANALYSIS BY WET CHEMISTRY

Plant N.L. Industries, Beech Grove, Indiana

Date November 18, 1971
Run No. 2

Total Sample Volume - 230 m}
Split Sample Volume Analyzed -~ 80 ml

- ) ing._per mg per
Constituent pg/ml Split Sample Volume Total Sample Volume
Total Acid 14 1.12 3.25
50, 310 .o 248 71.9
SOA' 140 11.2 32.5
- Cl- 8 0.6 1.86
we, 190 15.2 461
pH(a) 2.4 -- -—-
m——— = IS

(a) Value is pH units.
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BACK HALF IMPINGER WATER LIQUID PHASE
ANALYSIS BY WET CHEMISTRY

Plant N.L. Industries, Beech Grove, Indiana

Date November 18, 1971

Run No. 2

Total Sample Volume - 238 ml
Split Sample Volume Analyzed - 120 pqi

=
mg per mg per
Constituent vg/ml Split Sample Volume Total Sample Volume
S04 0.268 32.15 | 64.3
SO; 0.265 31.8 63.6
c1- 0.0065 0.78 1.56
i P 0.1442 , 17.3 34.6
NO, (b) --- -—--
pH(a) 2.5 -—- -—-

(a) Value is pH units.
(b) None detected.
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LABORATORY REPORT

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

Plant N.L. Industries, Beech Grove, Indiana

Total Sample Volume, Run 1 - 230 ml
Run 2 - 238 ml

Split Sample Volume Analyzed, Run 1 -~ 80 ml
Run 2 « 120 ml

Impinpger Water

Element Run 1 Run 2
Bg(® <0.2 <0.1
Be <0,2 <e.1
cd < 12, < 6.
As < 12,0 36.
v <2, < .1.
¥n 0.7 <1.
Ni 12, < 1,
Sb < 12, < 6.
Cr 23, <1,
Zn < 23, < 12,
Cu PRS- 1.0 1.
Pb <12, 12,
se(P) - -

B 7.0 5.
F(b) - -
11 < 23, < 36,
Ag 0.2 < 0.1
Sn <12, 12.
Fe 70. 5.
Sr <7.0 <6,
Na < 23 < 12
K < 70. <12,
Ca 70. 24,
St 120. 2, -
Mg 2, 6.
fo -= - 70. <1.
Ba <2, <1.
Al 12, 6.

Total Mass, wug(d) (c) 230,700

(¢) Samnle dricd and ignited at 450 C prior to analysis;

(&)
()
3

Hg values are not considered significant.
Nct detectable by OES absorption.
Net =vailable,

Wat.. biasek subtracted; biank = 0,021 mg/nl.

Hetet Synbel < indicates minimal direction limits,
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LABORATORY REPORT

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

Plant N.L. Industries, Beech Grove, Indiana

Probe Residue Filter

Element Run 2, Run 3 Run 2 Run 3 Blank
}lg(a) - .- - .- < 1.
Be <1. < 1. <1. < 1. <1.
cd <'10. < 10, < 20, < 20, < 20,
As 20. 20, 60, 60. < 20.
v <1 <1 <1 <1. g <L
Mn 2 <1. 2. 2. - 2.
Ni < 10. < 10. < 20, < 20, < 20,
Sb < 10. < 10, < 20. < 20, < 20,
Cr < 10, < 10. < 20. < 20. < 20,
Zn < 100, 100, < 200, < 200. < 200.
Cu 2. 5. 0 [} 2.
pb(b) - R - -- - 50.
Se(c) - - - -- =
B <1, <1, 0 V] 4000.
rlc) v - - - -- _ -
Li(d) - -- -- .- - -
Ag <1. <1 6. <2. | <2
Sn < 10, < 10. 20. 20. < 10.
Fe $00. 20, 100. 100, 100.
Sr <1. < 1. 10. 10. 5.
Na < 100. < 190. 10,000. 8,000. 2,000.
K < 500, < 500, 1,000. 1,000. 1,000.
Ca 100, 100. 6,000. 4,000. 10,000.
Si 50. 50. Ma jor Major - Major
Mg 20. 10. 1,000. 0 4,000,
Ba < 10, < 10. 100. 100, 100.
Al 10, 20. 0 0 4,000.
Total 5,900. (¢) 3,000. (<) 13, 300. 12,800,

Weight, Hg

(a) Not deteraiaed,

(b) Pb determined ty Atomic Absorption,

(¢) Not deterwined by this techaique.

(d) Not determined - added bufler element.

(v) Acetone blank sui-tracted; blank = 0.027 mg/ml.

Note: Synbol < indicates minimal detection limits.
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EXAMPLE LEAD DETERMINATION
FILTER, RUN 2

Plant N.L. Industries, Beech Grove, Indiana
Date November 18, 1972

A - Initial Extract Volume per Split

Filter Sample, ml 4.5
B - Aliquot, ml 1.0
C - Dilution Factor 10
D - Absorption, Percent 51
E - Absorbance from Atomic Absorbance 0.3098

Tables, Based on Percent Absorption
F - Lead, pg/ml of Diluted Aliquot(®) 22.0
G - Lead, Hg/Split Filter Sample 990

, i .

H - Lead, ﬁg/Total Filter 7 1980

Example Computation

CxAxF=¢G
10 x 4.5 % 22.0 = 990

2xG=H
2 x 750 = 1980

(a) Determined from calibration curve; based on 0.3098
absorbance.
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FILTER ANALYSIS FLOW DIAGRAM

3-in. digm
Filter

|

Low Temperature Ash
I1/2 Filter

|

Continuous Acid Reflux

e

‘8ml 19% HCL
32 ml 40°/o HN03

l

1.0
aliquot

End Volume 5.0 mi

1.0
aliquot

Lead by
Atomic Absorption

Trace Metals
by

Optical Emission Spectroscopy
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APPENDIX F

TEST LOG

P
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APPENDIX F

November 16, 1971

November 17, 1971

November 18, 1971

November 19, 1971

TEST LOG

Arrive on site.
Move equipment to roof.

Construct weather shelter.
Make preliminary run.

Make two runs.
Project Officer approves use
of preliminary run as one of
required runms.

Remove equipment from site.
Remove weather shelter,
Leave test site.
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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 PLANT STACK EMISSION SAMPLING
AT REVERE SMELTING AND REFINING PLANT, NEWARK, NEW JERSEY



| tagand ]

i el

e sy

g

APPENDIX H

PROJECT PARTICIPANTS AND TITLES
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APPENDIX H

PROJECT PARTICIPANTS AND TITLES
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Technical Supervision

Richard B. Engdahl, Senior Project
Leader

Field Team
Paul R. Webb, Senior Technologist (Team Leader)

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

Bernard E. Campbell, Physicist
William C. Baytos, Scientist
Donald Hupp, Technician

Administrative Support
Richard E. Barrett, Senior Mechanical
Engineer
John M. "Allen, Division Chief

Irene Whitener, Secretary
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APPENDIX I

OPERATIONAL SCHEDULE

BLAST FURNACE CHARGING FORMULA

The blast furnace is usually charged in the following sequence:

1. Coke 290 1b

2. Cast iromn 250 1b
3. Return slag 600 1b

4. Scrap steel 150 1b

5. Battery plates 900 1b

6. Oxides . 700 1b

7. Battery plates 900 1b.
8. Slag (purchased) 700 1b

9, Battery plates 900 1b

10, Oxides. 700 1b
11. Battery plates 900 1b
12. O=xides 700 1b
13. BRBag dust 700 1b.

The weights were estimated by the operator of the loading machine and
additions were made when the feed level in the feed hopper permitted.
The coke was supplied in about 4-inch size pieces. The cast iroﬂ“;§s
foundry scrap about 1/2 to 1~1/2 inches in size. The return slag was
tapped from the blast furnace, cooled and broken to about minus 4 inches.
The scrap steel was detinned tin cans. The "battery plates" were mainly
batteries with the acid and case removed, but included other high metallie
lead scrap such as automotive tire weights. The oxides appeared to be
batteries that H;d the cases remgved by burning. The slag fed at Posi-
tion 8 in the above feeding sequence was purchased as a powder. The bag
dust fed at Position 13 was the material caught in the cyclones and bhag-

houses.,
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OBSERVATIONS

Plant N.L. Industries, Beech Grove, Indiana

Dates November 17, and 18, 1971

11/17/71

1:15 pm Slag had been tapped recently
Loading coke
1:16 pm Loading cast iron
1:17 pm Loading return slag - afterburner temperature 1100 F
1:18 pm Loading scrap steel - blast furnace pressure, 40
1:19 pm lLoading battery plates
1:20 pm Loading oxides
1:35 pm Loading battery plate
- 1:40 pm 4-inch HZOYVd%uum at baghouse outlet

1:45 pm Stack showing smoke estimated at No. 1 Riﬁgéi;;;n-.v-‘“—
1:50 pm Slag tapped
1:55 pm Loading battery plates -
2:00 pm Loading oxides .
2:05 pm No. 7 section of baghouse bypassed —
2:40 pm Baghouse temperature 260 F, pressure 4 inches
2:45 pm Start run
Afterburner temperature 1100 F
Blast furnace air pressure 50 inches, Hzo -
Load battery plates, 900 pounds
2:55 pm Baghouse temperature, 280 ¥
3:40 pn Run started again, false start at 2:45 pm
4:00 pm loading cast iron 250 pounds
4:05 pm loading return slag, 600 pounds
4:06 pm Loading scrap steel
%:07 p Furnace pressure, 4) inches
Afterburner temperature, 1130 F
4:11 pm Loading oxides, 700 pounds
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4:12 pm
4:14 pm
4:25 pm
4:30 pm

4:31 pm
4:35 pm

4:40 pm

4:45 pm

4:46 pm
5:10 pm

5:15 pm

11/18/71
8:20 am

8:35 am
8:45 au
9:05 am

I-3

OBSERVATIONS (Cont'd)

Loading battery plates, 900 pounds
Loading slag

Tapping slag

Rod out air inlet ports

load battery plates, 900 pounds
load oxides, 700 pounds

Screw conveyor removing dust from cyclones and baghouse
is overloaded

Baghouse temperature, 300 F

load battery plates, 900 pounds

Load battery plates, 900 pounds

load battery plates, 900 pounds

Load coke, 290 pounds

9 tons lead tapped between 2:45 and 5:10 pm
Load cast iron, 250 pounds

' load return’slag, 600 pounds

Tap sleg

End of test.

Baghouse temperature, 300 F i
Baghouse outlet pressure, 2 inches —

One section of bags is out for major repairs and will
not operate today

One sectior ¢f tage is out for hand shaking. Each
seccion wili be hand shaken in turn

Afterbu-ner Temperature, 1450 F and dropping
Afterburner température, 1650 at 7:30 am

N.L. Industries reports clast furnace operating normally
except afterburuer is off

Loading oxides, Position 6

Tap slag

Start test

Add Delco slag, Position 8
Furnace Pressure, 30 inches
Afterburner temperature, 1210 F

Burner off
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9:15 am

9:16 am
9:18 am
9:20 am
9:25 am

9:30 am

9:35 am

9:37 am
9:45 am
9:53 am

10:20 am
10:25 am

10:30 am
10:40 am

I-4

OBSERVATIONS (Cont'd)

False start 9:05 - Start test

Load battery plates, Position 9

31 inch pot depth - 2 tons lead per inch

Load slag, Position 10

Tap slag

Load battery plates, 1800 pounds, Position 11
Afterburner temperature, 1100 F - not on

A constant volume of air is fed to the furnace
5 sections of baghouse operational

Baghouse temperature, 260 F

Damper bleeding some air into baghouse,
perhaps 2000 CFM

Sky cloudy - no visible emission
Feed oxides
Afterburner on

Scale to weigh feed is inaccurate

Load bag dust

Load coke

Furnac2 pressure, 35 inches

Load cast iron

Load scrap steel

Tap slag furnace pressure, 38 inches
Aftcvlurner temperature, 1350 F
Adding Deico slag, Fosicion 8
Afterburner temperz2ture, 1500 F
anding battery plates, Position 9
Smoke visible frim stack

Screw conveyor from baghouse is blowing dust
loading oxides, Position 12

Tap slag

Afterburner temperature, 1550 F
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OBSERVATIONS (Cont'd)

e 8

11200 am Add bag dust, Position 13
Afterburner, 1550 F
11:01 am Load cast iron, Position 12
11:02 am Afterburner off
11:03 am Tap slag
2-inch section of baghouse exhaust
6-inch section on exhaust from cyclones
11:07 am Adding battery plates, Position 5
11:12 am Damper open to add cooling air to baghouse
Baghouse temperature, 300 F
11:15 am Adding oxides, Position 6
11:17 am Loading battery plateé, Position 7
11:23 am  Baghouse temperature, 315 F »
Air damper open
11:35 am Load Delco slag, Position 8
Afterbufﬁééﬁoff, temperature, 1660 F
11:53 am  Baghouse, 300 F
11:50 am Tapped slag
11:55 am Load oxide, Position 10 T
11:58 am Afterburner, 1380 F. Had peaked at 1700 F at 11:40 am
12:00 pm  Furnace pfessure, 48 inches e
12:02 pm Load battery plates, Position 11 -
12:07 pm Load oxide, Position 12
12:15 pm  Baghouse temperature, 270 F
12:18 am Afterburner, 1200 F, gas off
No steel scrap for Position 4
Feed steel drum of slag at Position 4 and about 700
pounds oxides
12:30 pm Tap slag
Add slag, Position 8
27-inch lead in pot
8 tons lead tapped, 9:15 am - 12:30 pm
1:43 pm Lead 23-1/2 inches in pot
1:50 pm Tap slag
1:55 pm Load oxides, Position 10
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1:56 pm
1:57 pm
1:58 pm
1:59 pm
2:00 pm

2:03 pm
2:04 pm
2:05 pm
2:12 pm
2:15 pm
2:20 pm
2:22 pm

2:24 pm

2:30 pm

2:45 pm
2:47 pm

2:50 pm
2:55 pm

3:05 pm

1-6

OBSERVATIONS (Cont'd)

Load battery plates, Position 11
Load oxides, Position 12

Load Baghouse Dust, Position 13
Load coke, Position 1

Afterburner temperature,1200 F - on
load cast iron, Position 2

load return slag, Position 3
Baghouse temperature, 300 F

Add 700 pounds oxides, Position 4
Add battery plates, Positiomn 5
Add Delco slag, Position 8

Air damper on baghouse closed
Baghouse temperature, 300 F
Blast air pressure, 64 inches

Tap slag ..

Blast air pressure, 50 inches
load battery plates, Position 9
Load oxides, Position 10

Load 290 pounds coke, Position 10
Repair skip hoist

Baghouse repairs had been completed about 11:00 am.
7 sections operational from 11:00 am on

Baghouse temperature, 290 F

Add baghouse dust, Position 13 ;
Afterburner on, temperature steady at 1220 F
Air damper on baghouse almost closed

Tap slag

Blast pressure, 65 inches before tapping; 535 inches
after tapping

Plug in tap hole leaking
Load coke, Position 1

Load scrap iron, Position 2
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OBSERVAT IONS (cont'd)

3:06 pm Load slag, Position 3

3:08 pm Load 700 pounds oxides, Position &
Baghouse 300 F

3:25 pm Tap slag
Add oxides, Position 6

3:35 pm  Load battery plates, Position 7
Blast pressure, 535 inches
Afterburner temperature, 1225 F

3:40 pm  Add Delco slag, Position 8
Add cast iron, Position 8

Started traverse in other direction

3:47 pm Tap slag )
3:51 pm Add double load battery plates, Position 9
3:54 pm Add oxides
Blast pressure, 55 inches
"Afterburﬁé;“Zémperature, 1240 F
4:12 pm Tap slag
4:13 pm Blast pressure, 51 inches
4:15 pm Load oxides
4:18 pm Load cap, Position 1 (did not load baghouse dust)
4:20 pm  Load coke, Position 2
4:22 pm Load return slag, Position 3
4:23 pm Load baghouse dust
4:24 pm Load scrap steel, Position 4
4:27 pm Tap furnace

Blast pressure, 55 inches
4:30 pm Stop tapping lead
4:35 pa  Load -xides, fosition 6
Blast precsure, 30 inches
Afterburner tiaper.ture, 1220 F
4:37 pm Tapping lcad again
4:39 pm load battery plates, Position 7

B~
-~
o

pm  Baghouse tcmperature. 300 F

Damper closed
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4:43 pm

4:58 pm

I-8

OBSERVATIONS (Cont'd)

Add Delco slag, Position 8

Lead level lost because of transfer of lead into
receiver pot from another pot

lLead level was 19 inches at shift change at 3:30 pm.
9 tons lead tapped between 1:43 - 3:30 pm

End run. Still on Position 8
Furnace is rated at 77 ton/day

Baghouse has 320 bags
25 ft - 7 in x 11-1/2 diameter

24,000 sq ft in 8 sectioms
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APPENDIX J

SUMMARY OF RESULTS

Plant N.L. Industries, Beech Grove, Indiana

I Run_Number 1 2 3 Average
Date 11/17/71 11/18/71  11/18/71
l Test Time - Minutes 91 188 186 155
Lead Production - TPH 3.7 2.5 3.0 3.1
l Stack Effluent ‘
Flow rate - DSCFM 23,200 22,900 23,120 23,070
! Flow rate - DSCF/ton 6,270 9,160 7,710 7,710
' | Temperature - °F 176 182 177 178
g Water vapor - Vol. % 3.7 2.3 3.1 3.0
N €O, - Vol. % dry 2.2 2.1 1.5 1.9
i 0, - Vol. % dry 19.0 19.0 19.5% 19.2
, CO - Vol. % dry 0.5 0.2 0.4 0.36
f CO - 1b/hr 503 199 401 368
S0, - ppm dry 443 264 204 304
g S0, - 1b/hr 101 59 46 69
Visible emissions - % opacity 10-15 10-70 5-15 12
{ Particulate Emissions
: Probe and filter catch ,
i gr/DSCF 0.0028 0.0027 0.0023 0.0026
‘ gr/ACF 0.0022 0.0021  0.0018 0.0020
f 1b/hr 0.5541 0.5231 0.4570 0.5114
f 1b/ton lead 0.1498 0.2092  0.1523 0.1704
P Total Catch =
: gr/DSCF (a) 0.0471 0.0396 0.0434
! gr/ACF (a) 0.0368 0.0310 0.0339
: 1b/hr (a) 9.2439  7.8566 8.5503
1b/ton lead (a) 3.6976 2.6189 3.1583
Tlead Emissions
Probe and filter catch
gr/DSCF (a) 0.00035  0.00033 0.00034
gr /ACF (a) 0.00027  0.00026 0.00027
) 1b/hr (a) 0.0679 0.0648 0.0664
§ 1b/ton lead (a) 0.0272  0.0216 0.0244

Total Catch

S~

Essentially the same as probe and filter,
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INTRODUCTION AND BACKGROUND

Gas and particulate emission measurements were made at the Revere

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

The results of the measurements at this and other

on December 8 and 9, 1971.
formance for secondary

lead plants will be used in determining standards of per

lead plants.

used to process lead plates from worn out bat-
is fed continuously with

The blast furnace,

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

the feed. The heat

oxygen are blown into the furnace to burn the coke in

of combustion melts the lead, while the coke reduces the lead oxides. The

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 & 16-point
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traverse'over a 2-hour period. The S0y samples were withdrawn from the
center of the stack over a 1-1/2-hour periocd, 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’ co,, 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/iﬁdequivalent 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
1ead 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 50, 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 & 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 — coLumMBUS



Analysis of the particulate by atomic absorption indicated only
5-10 percent lead; the major constituent measured by optical emission s
spectroscopy being sodium from the caustic scrub®ing liquor. Lead and
other fume constituents were present either because of 1ncomp1ete scrub-
bing or trapped fumes in the mist from the scrubber were_;ncompletely

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 where the various
lead scraps are stored; a blast furnmace 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 Materijals

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



Description of Blast Furnace

The blast furnace, rated 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 Eop 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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Flue

Water jacket

Shaft

Bustle pipe

Lead well

Tuyere — 1L Ingot mold
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FIGURE 2. LEAD BLAST FURNACE
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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 scrubEer 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-
£i11. 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 inleakage at se-

veral points.

Operation of the Biast 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

. Tt - ;) EX R i hd Voieew
loading the furnace. The proper amounts of limestouve, coke, bhattery platus,
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cast iron, 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
fhe center of the tuyeres. About 2,000 pounds, as estimated by management,
can be tapped each time and requires 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 furnace 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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»ﬁg 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 is decanted off and recycled to

the scrubber. Makeup caustic must be added to the sett11ng ‘tank as the
caustic is neutralized by absorbing SO,. The sludge is removed from the
settling tank every few weeks and placed in a pit on the plant site to
drain. When reasonably dry, it is fed back to the furnace. The plant
manager est&mated that'about 1500 tons of dru sludge, which ccntains 50-70
percent lead, is prodﬁced 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 1b/hr is emitted.

E SAMPLING AND ANALYTICAL PROCEDURES

The off gases from the lead blast furnace were sampled for par-
ticulates, SO, CO», O,, and CO using methods described in Appendix D of
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.

About 60 cubic feet of stack gas was sampled during each run using a

v? 0.235~inch~diameter probe tip.

¥} 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 collecteggsample,a 100-ml volume was taken and analyzed as
follows: the volume Qés ad justed . 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.

BATTELLE — COLUMBUS
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APPENDIX A
COMPLETE PARTICULATE RESULTS WITH SAMPLE CALCULATIONS
SOURCE TESTING CLACUTATION FORMS

2.3, 4 No. Runs 3

Test No, 2, 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 - SOy

Time of Particulate Test:

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, & Date 12-9-71 Begin 12:58 pm End 3:08 pm
PARTICULATE EMISSTON DATA
Run No. ' - ' 2 3 4
P, -barometric pressure, in. Hg Absolute 30,18 30.23 30.13
Pmrbrifice pressure drop, in., Hy0 0.71 0.75 0.80
V -volume of dry gas sémpled @ 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
std. gstandard 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
8aS 13 @ standard conditions(a)
total gas volume, standard

A\ - 3

_“total conditions, ft3 73.2 60.0 61.9
Moisture in the stack gas volume, per- 2.4 1.7 2.3
cent
ii,0le fraction of dry gas 0.98 0.¢¢ 0.98
(1) 0 1. 29,92 in. He
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PARTICULATE EMISSION DATA (Cont'd)

Run No. 2 3 4

CO,, dry, percent Q.S 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

M Wy - 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

44Pg x (T + 460) 12.938 13.049 13.300

PS - stack pressure, in. Hg 30.18 30,23 30.13
absolute

V. - stack velocity @ stack 1914 1925 1970

. conditions, fpm - '

A, - stack area, in2" 7 972 972 972

Q - stack gas volume @ standard 12100 -13330 12450
conditions, (a) ft3 dry

T¢ - 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

m, --particulate-total, mg 127.3 60.0 92.1

Can - par;iculate, probe, and 0.0196 0.0084 0.0149
filter, gr/scf, dry

Cho - particulate, total, gr/scf 0.0275 0.0157 0.0235

(a) 70 F, 29.92 in, Hg
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PARTICULATE EMISSTON DATA (Cont'd)

A-3

Run 2 3 4
Cat ~ particulate; probe and filter, 0.0184 0.0080 0.0141
- gr/ft3 @ stack conditions
; : . 3
Cau ~ ga:§;2§1iﬁiéitg§ii’ gr/ft 0.0257 0.0149 0.0221
Caw - ié;ﬁieulate; probe and filter, 2.0354 0.8913 1.6061
Cax - particulate; total, 1b/hr 2,8474 1.6556 2.5200
Cp - 2§7Eiz“izzs; probe and filter, 1.3570 0.7750 1.2849
C,¢ - particulate; total 1b/ton lead 1.8983 1.4397 2.0160
Clé - 1e7d ;mission; probe and filter, 0.00127 0.00061 0.00127
gr/sc
Cia - lead cmission; probe and filter, 0.00119 0.00058 0.00120
gr/ft3
Cip, - lead emission; probe and filter, 0.1320 0,0646 0.1368
1b/hr
Cye - lead emission; probe and filter, 0.0880 0.0562 0.1095

ib/ton




EXAMPIE PARTICULATE CATCUTATTONS

SAMPLE NUMBER 3 !

1. Volume of dry pas sampled at standard conditions - 70 F, 29.92 in. Hg, £t3

17.7 x Vp <Pb+ P )
vooo= : 13.6

std (T, + 460) -

0.71
- 17.7 x 70.2 (30'18 + 13.6)

66 + 460

dry

= 71.4 ft>

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

\Y = 0.0474;x;Vw

<
<
i

0.0474 x 37.3

1.8 ft3

n

3. Percent moisture in stack gas

100 x Vw

%M gas

n

\Y +V

Mg td Yoas

100 » 1.8
71.4 + 1.8

2.4 percent

4. Mole fraction of dry gas

100 - M

Mg = 100

100 - 2.4
100




EXAMPLE PARTICUIATE CALCULATIONS (Cont'd)

5. Average molecular weight of dry stack gas

_ Chb 32 \ 28
MWy = (€O, x Tg5) + (0y x 355) + (¥ + €O) x IG5

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

n

] = 28.9

6. Molecular weight of stack gas

i

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

“28.9 x 0.98 + 18 (1 - 0.98)

n

28.6

7. Stack velocity @ stack conditions, fpm

1/2
V, = 4350 x VAP x (T + 460) G?~€%Tr;9 fpm
_ 4350 x 12,938 [-"50.18 ~358.6 -}

i

1914 fpm

8. Stack gas volumc at standard conditions, scim

e _ 0,123 x Vg x Ag x P
E; Q = 2 2 M, scfm
(T + 460) d
..»}?35
por} _ 0.123 x 1914 x 972 x 30.18 x 0.98
' 97 + 460
A

i)

12,100 scfm




EXAMPLE PARTICULATE CALCUIATIONS (Cont'd)

9. Sampling velocity, percent of isokinetic

- 1032 x (Tst 460) x Vmstd2

1032 x (97 + 460) x 71.4 .
1914 x 120 x 30.18 x 0.98 x (0.235)2

-
=

= 109 percent

10. Percent excess air at sampling point

100 x % 02
(0.266 x % N2) - % O2

% EA =

_ __ 100 x 20.3
(0.266 %' 78.4) - 20.3
3690 percent

n

11. particulate - probe and fflter, gr/scf
me ‘
Con = 0.0154 x v
Mstd
- 91.0
0.0154 x T

1

0.0196 gr/scf

12. Particulate - total, gr/scf

c = 1.54 x 1077 <imt j)
ao \Y
m
std

2 127.3
71.4

i

e@i 1.54 x 10

5:-_«; =0.0274 .gr/scf
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EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

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

17.7 xC xP M
c an s d
at ('1‘s + 460)

17.7 x 0.0196 x 30.18 x 0.98
(97 ¥ 460

=0.0184 gr/ft>

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

17.7 C P M
= ac s _d
au (Ts + 460)

17.7 x 0.0275 x 30.18 x 0.98
(97 + 460)

n

0.0257 gr/ft3

il

15. Particulate - probe and filter

¢ = 0.00857 x C__ xQ 1b/hr
aw an s

=0.00857 x 0.0196 x 12,100

=2,0354 1b/hr

16, Particulate - total, 1b/hr

c =8.57x10°¢C_Q
ax ao S

8.57 x 1072 x 0.0275 x 12,100

it

2.8474 1b/hr
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EXAMPIE PARTICULATE CALCUIATIONS (Cont'd)

e

'i

o 17. Particulate; probe and filter, 1b/ton lead
'? | Cp = Caw/R

2.0354/1.5
1.357 1b/ton lead

‘ z‘ s )
1}

4% 18, Particulate; total 1b/ton lead
ke

Cpt = Cax/R
‘ = 2.8474/1.5

o = 1.8983 1b/ton lead

19. lead emission; probe and filter, gr/scf

M
c, = 0.0154 x
. 1s Vm std
3 = 5.9
;< 0.0154 x 1.4
F = 0.00127 gr/scf
",3 20. Lead emission; probe and filter, gr/scf
A c. = 7.7x Cig X P x My
: - la -
(T, + 960)
17,7 x 0,00127 x 30.18 x 0,98
(97 + 460)
= 0.00119 gr/scf
e 21. Lead emission; probe and-filter, 1b/hr
= o _
lg 0lh 8.57 x 107° x C1S x Qs

8.57 x 10°> x 0.00127 x 12,100
0.1320 1b/hr

¢ '-:-‘g
]

22. lead emission; probe and filter, 1b/ton lead
c

1t Clh/ R

0.1320/1.5
0.0880 1b/ton lead

foaaard
"

Fadand
1

S |
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APPENDIX B

COMPLETE GASEQUS 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
Vm - volume of dry gas sampled at meter
conditions, ft3 4.9 6.7 9.9 10.6
v_ standard, £ 5.1 - | 6.9 10.3 10.8
Vt - volume Ba (0104)2, ml 0.01 <0.01 <0.01 0.02
Vtg'volume Ba (0104)2Ub1§nk ml 0 0 0 0
N - normality of Ba (0104)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. - lb/feet> x 107° 0.001 | © 0 0.001
802
CSOZ - ppm (dry) 0.1 0 0 0.1
wSOZ - 1b/hour 0 0 0 0
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§92 EXAMPLE CALCULATIONS

Run 4

1. Vm = Vm (Tstd) (PBar)
std
(T“) (Pstd)

- 530 30.1
10.6 x 553 X 59 g

10.8 ft3

il

-5
2. CSO = 7.05 x 10 (Vt. - vtb) L) (Vsoln,)_ 1b/ft3
. ) (V)

std

.05 x 10°° x 0.02 x 0.01 x 100
(10.8) (10)

I

0.001 x 1070 1b/€t>

6 .
3. C802 ppm = 6,05 x 10 x CSOZ

- 6.05 x 10° x 0.001 x 107°

= 0.1 ppm

S~
=
|

=C x Q. x 60
SO2 SO2 s

0.001 x 10_5 X 12,540

]

= 0 1b/hr



APPENDIX C

FIELD DATA

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

PRELTMINARY 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 inches2, 6.87 feet?

Percent Diameter for

Distance from Outside

Point Ci;gylar 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

PGPSR Jongs
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PARTICULATE CLEANUP SHEET

TadaLsE Ll [ <%~y

Plant Revere Smelting and Refining Company

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

Run No. 2 3 4

Impinger water volume, ml

E“‘“"‘:‘“ %Eil Siiaky [ R

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
3 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

Bheack

Filter particulate weight, mg

, Final 362.3 326.6 356.5
4 . Tare 275.3 294.3 297.8
E Gain 87.0 32.3 58.7
Zq Total front half, mg 91.0 32.3 58.7
3

'Weight residue from chloroform-ether extract, mg

é Impinger water 19.3 13.5 14.4
3 Impinger water wash 2.9 3.0 3.5
3 Total ' . 21.2 16.5 17.9
é Weight residue from aqueous phase, mg(a) ‘
i Impinger water 10.4 8.4 12.4
7 Impinger water wash 0 0 0

4 Total ' 10.4 8.4 12.4
j Weight residue from acetone wash, mg(a) 4.7 2.8 3.1
' Total, back half residue, mg 36.3 27.7 33.4
3 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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:3 C-6
’3 ' GAS SAMPLING FIELD DATA
Date 12-8-71 ~ Plant Revere Smelting and Refining Co.
Material Sampled for 502 Comments: Blast furnace not operating..
j Barometric Pressure 30.2 in. Hg Probe temperature, 100 F.
. Ambient Temperature 51F Recovered 40 ml - diluted to 50 ml.
n — . .
i Titration
Numb 1
3 Run Rumber  —=— Aliquot, Titer, 0.0l N Ba(Cl04)2
~ Power Stat Setting _Heated ml ml
3 Filter Used: Yes X _ No | 10.0 0.01
Operator W.C. Baytos, H. Hess b_lank 0
: Clock Meter Flow Meter Meter Temperature,
Time (££3) 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 --
3 2:30 pm 453.7 6.0 51
2:50 pm 454 .2 6.0 -
B 3:10 pm 455.0 6.0 -
-4 3:15 pm 455.2 6.0 -
g Total 4.3
A -

e - ———— - P



GAS SAMPLING FIELD DATA

Date 12-8-71 Plant Revere Smelting and Refining Co,

Material Sampled for SO0z Comments :

ic P r 30.2 in. H Titration
Barometric Pressure . Hg Aliquot, Titer,
Ambient Temperature 52 F ml ml

10.0 0.01 0.01 N Ba(Cl0,),

Run Number _2 10.0 <0.01
Power Stat Setting _Heated blank 0
Filter Used: Yes X No Probe temperature, 104 F.

Recovered 84 ml - diluted to 100 ml.
Operator W.C. Baytos, H. Hess

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

E 5:15 pm 82.5 6.0 6l
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

Date 12-9-71 Plant Revere Smelting and Refining €0,
'Material Sampled for _f_(_)_g_ Comments: Probe temperature, 180 F,
Barometric Pressure 30.1 in. Hg Rec’?‘ziiziionml - diluted to 100 ml.
Ambient Temperature _ 53F Aliquot, Titer,
Run Number &4 ml ml
Power Stat Setting _Heated 190 0-02  0.01 N Ba(C104),
Filter Used: Yes X No _ blank 0
Operator _ W.C. Baytos, H. Hess '
| . Clock Meter Flow Meter Meter Temperature,
Time (££3) Setting (CFH) . F
12:50 pm 95.4 . 8.0 59
; 1:00 pm 96.5 7.5 : 59
i 1:10 pm 97.2 8.0 60
1:20 pm 98.2 7.5 60
1:30 pm 99.3 . 8.5 60
i 1:40 pm 100.2 8.5 64
;63 1:50 pm 101.3 8.0 63
il 2:00 pm 102.0 -- 63
o 2:10 pm 102.7 0 65
«d 2:20 pm 102.8 -- 65
" 2:30 pm 103.7 - 65
2:40 pm 104.5 7.0 65
2:50 pm 105.3 -- 65
3:00 pm 106.0 7.0 65
Total ) 10.6
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‘3 GAS SAMPLING FIELD DATA
Date 12-9-71 Plant Revere Smelting and Refining Co.
Material Sampled for E_(_)z__ Comments: Probe temperature, 104 F.
3 Barometric Pressure 30.2 in. Hg Recovered 61 ml = diluted to 100 ml
" Ambient Temperature E’__F Aliqiizfat;?.réer, '
Run Number _3 - ml m}
Power Stat Setting Heated 10.0 <0.01 0.0l N Ba(Cl0,),
Filter Used: Yes X No ____ blank 0
Operator W.C. Baytos, H. Hess
Clock Meter Flow Meter Meter Temperature,
z Time (£t3) Setting (CFH) F
9:40 am 85.4 . 8.0 51
9:50 am 86.9 8.0 52°
¥R 10:00 am 87.8 8.0 56
3 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

co,, - Op, co, N,
Run : Date Time Percent Percent Percent Percent
2 12/8/71 4:30-5:30 pm 0.5 20.0 <0.1 4 79.5

0.5 20.4 1.1 78.C

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
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APPENDIX D

;a STANDARD SAMPLING PROCEDURES
¥ The sampling procedures, as described in the August 17, 1971

jssue of the Federal Register, reproduced as a part of this Appendix, have
zé 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 samplingvlocation, 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.
;3 The sample train was prepared for operation as ouﬁlined in Method
5. The glass filter used for particulate collection was desiccated for

24 hours and the tare Qéight 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
jimpingers. 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




D-2

rinsed 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 drlerlte 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 and 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 procedures are those specified in the Federal Re-
gister, Volume 36, No. 159, dated August 17, 1971.
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APPENDIN~—TEST METHODS

METIIOD 1—SAMPLE AND VELOCITY TRAVERSFS
FOR STATIONARY SOURCFES

1. Principle and applicabilily.

1.1 Principle. A sampling site and the
number of traverse points are sclected to
ald in the extraction of a representative
sample.

1.2 Applicadility, This method should be
applied only when specified by the test pro-
cedures for determining compliance with
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442 Calculate the pitot tube coefiiclent
using Equation 2-1.

» c [BPua
Coun=Craay 31,0 equation 2-1

where:
C,.,.,:P}wt tube cofiicient of Type &
pitot tube.
=Pitot tube coeficient of standard
type pitot tube (if unknown, use
0.99). :
ap,, =Velocity bead measured by stand-
ard type pitot tube.
AP,, = Velocity head measured by Type 8
pitot tube.

43 Compare the coeficients of the Type S
pitot tube determined first with one leg and

PLANT,

Crara

PROPOSED RULE MAKING

then the other pointed downstream. Use the
pitot tube only If the two coefficients differ
by no more than 0.01.

6. Calculations.

Use Equation 2-2 to calculate the stack gaa

velocity. _
v.-x,c.v ;—‘fﬁ
s here:

V, = Stack gas veloeity, feet per second (I.p.s).
ib, 11 when these units

- ft.
Ky B8 olom STt are uscd.

C,p=Pitot tuhe cocfMclrnt, dimensionless,
Tow Absolute stack gas temperdute, R

equation 2-2

BpmVeloclty head of stack pas, In H3O (:ve fig. 2-2).

Y= Absulnte stawk gis pressure, in g,
M, = Moleeular weight of stack gas, b fIb.-mole.

DATE,

RUN NO.,,

STACK DIAMETER, In.

BAROMETRIC PRESSURE, in. Hg,
STATIC PRESSURE IN STACK (), In. Hg.

OPERATORS, SCHEMATIC OF STACK
CROSS SECTION
Traverse point Velocity head, Stack Temperature
. number in. H,0 Vi, (G)°F
AVERAGE:

WJh 1RG0 __Y¢ 17T . ?

FEDERAL REGIST

Figure 2-2. Velocity traverse data.

15711

Figure 2-2 shows ;1 sample recording sheet
for velocity traverse datn, Use the avernges in
the last two columns of Figure 2-2 to deter-
raine the average stack gas velocity ifrom
Equation 2-2,

6. References. .
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Shigehara, R. T., W. F. Todd, and W. S.
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Annual Meeting of the Alr Pollution Control
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Standard Method for Sampling Stacks for
Particulate Matter. In: 1971 Book of ASTM
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Designation D-2028-71.
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METHOD 3—CAS ANALYSIS FOR CARBON DICN™DY

EXCESS AIR, AND DRY MOLECULAR WEIC*

1. Principle and epplicability.

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

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

2. Apparatus.

2.1 Grabsample (Figure 3-1). .
2.1.1 Probe—Stalnless steel or Pyrex?
glass, equipped with a filter to remove par-

tlculate matter.

212 Pump—Oue-way squeeze bulb, or
equivalent, to tranpsport gas sample to ana-
Yyzer.

292 Integrated sample (Figure 3-2).

22.1 Probe—Stainless steel or Pyrex*
glass equippad with a filter to remove par-
ticulate matter.

222 Alr-cooled
any excess molsture.

823 Needle valve—To adjust flow rate.

224 Pump—Leak-free, diaphragm type,
or equivalent, to pull gas.

225 RNates meter—Tomeasure a fAow range
from 0 to ¢.035 c.fm.

293 Ilexible bag—Tedlar,! or equivalent,
with & capacity of 2 to 3 cu. ft. Leak test the
bog In the laboratory before using.

227 Yitot tube—Type S, or cquivalent.
attacked to the probe s0 that the seampling
flow rate can be regulaied proportional to the
stack gas velocity when velezity s varying
with time or a sample traverc is conducted.

2.3 Analysis.

23.1 Orsat analyzer, €T equivalent.

3. ibrocedure.

3.1 Grabhrampling.

3.1.1 Set un the rquipment s shown in
Figuse 3-1. Flece ahe probe In the stack st 2
eampiing point and puree the sampling line.

condenser—To remove

et e

1 Trade name.

ER, VOL. 36, NO. 159—TUESDAY, AUGUST 17, 1971
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FLEXIBLE TUBING

5. References

* YO ANALYZER Altshuller, A. P, et nl. Storage of Oasecs

SQUEEZE BULB

Figure 3-1. Grab-sampling train.

VALVE
AIR-COOLED CONDENSER
PROBE

FILTER [GLASS WOOL}

.

RIGID CONTAINER

RATE METER

QUICK DISCONNECT- .

BAG

/

Figure 3-2. Integrated gas - sampting lrain,

3.1.2 Draw sample into the analyzer.

3.2 Integrated sampling.

3.2.1 "Evacuate the flexible bag, Set up the
equipment as shown in Figure 3-2 with the
bag disconnected. Place the probe in the
stack And purge the sampling line. Connect
the bzg, making sure that all connectlons
are tight and that there are no leaks.

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

3.3 Analysls,

3.3.1 Determine the COz, O2, and CO con-
centrations as soon as possible. Make as many
passes as are necessary to give constant read-
ings. If more than 10 passes are necessary,
replace the absorbing solution.

3.3.2 For integrated sampling. repeat the
analysfs until three consecutive runs vary
no more than 0.2 percent by volume for each
component betng analyzed.

4. Calculations.

4.1 Carbon dioxide. Average the three
consecutive runs and report result to ths
nenrest 0.1 percent COz,

42 Fxcess alr. Use Equation 3-1 to cal-
culate excess alr, and avernge the runs. Re-
port the result to the ncarest 0.1 percent
eXCOSh Rir,

¢ LA==

(% 01) —0.5(% CO)

8904 (7 Ny — (55 On) T 05 (55 Gy <190

equation 3-1

where:
o, EA ==Percent excess afr.

% 0,=Percent oxygen by volume, dry
basis. -

o, N,=Percent nitrogen by volume, dry
basls.

¢, CO==Percent carbon monoxide by vol-
ume, dry basis.

0.264 =Ratio of oxygen to nitrogen in air
by volume,

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

Mi=0.44(% CO,) +0.32(% O,)
+4-0.28(% N,+ % CO)
Equation 3-3

where: .
Myz==Dry molecular welght, 1b./lb.-
mole,
*,CO,=Percent carbon dioxide by volume,
dry basls.
% O,=Pcrcent oxygen by volume, dry
basis,
%N, =Percent nlirogen by volume, dry
basls.

0.44 := Molecular welght of carbon dioxide
divided by 100.

032 Molecular welght of oxygen
cividect by 100.
0.28 ~Molecvlar  weizght of nitrogen

dlvided by 10,

i tE oM A\

At/ LICY 1Y

and Vapors in Plastic Bags. Int. J. Alr &
Water Poliution. 6;75-81. 1963.

Conner, Willlam D,, and J. §. Nader. Ailr
Sampling with Plastic Bags. Journal of the
American  Industrial Hyglene Association.
25:291-297. May-June 1964.

+ Devorkin, Moward, et al. Alr Pollution
Bource Testing Manual. Alr Pollution Con-
trol District. Los Angeles. Novernber 1963.

METHOD 4—DETERMINATION OF MOISTURE IN
ETACK GASES

1. Principle and applicability.

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

1.3 Applicability. This method is appli-
cable for the determination of molsture in
stack gas only when specified by test proce-
dures for determining compliance with New
Source Performance Standards. This method
does not apply when liquid droplets are pres-
ent in the gas stream.®

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

2. Apparatus.

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

“and equipped with a filter to remwove par-

ticulate matter.

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

23 Ice bath container—To condense
moisture in Implingers.

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

2.5 Needle valve—To regulate gas flow
rote. .

2.6 Pump--Leak-free, diaphragm tiype, or
equivalent, to pull gas through train.

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

28 Rotanieter—To measure a flow raunge
from 0 to 0.1 c.I.m.

2.9 Balance—Capable of measuring to the
nearest 0.1 g.

2.10 Barometer—Sufliclent
within 0.1 in. Hg.

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

3. Prerecure.

S.1 Flace aboiut 5 ml. distilled water In
each impingar rnd weigh the Impinger and
contents to the nearest 0.1 g. Assemble the
apparatus without the probe as shown in Fig-
ure 4-1, Leax check by plugging the inlet to
the first irapinger ana diawing a vacuum. In-
sure that fow through the dry grs meter is
Jess than 1 percent of the sampling rate.

3.2 Connect the probe, and sample at a
constant rate of 0.075 ¢.f.m. or at n rate pro-
portional to the stack gis velecity not to ex-
ceed 0.075 c.f.n. Continue sampling untll the
dry gas meter reglaters 1 en. £t or until visible
liquid droplets are carrizd over from the first
fmpinger o the sexend. Facord trmperature,
pressure, and dr”oras ooeter reading as re-
quircd by Figura & 7,

3.3 After ¢o'l-misng th eample, welgh the
fmpingers and thur contents again to the
nearest 0.1 g.

.

to read to

1 Trade name.

2 I7 liquid droplets sre present in the gas
stream, assume the stream to be saturated,
determine the aversse siack pas temperature
(Method 1), wnd use a psychrometrizs chart
to oblaln an epproximation of tha moicture
percentage.
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4. Calculations.
4.1 Volumeof water collected.

(W= W)RTus

e P,uMe
L
o.oau-é— (Wi—W5)
: equation 4-1
where:
Vee=Volume of water vapor collected

(standard conditions), cu. ft.

PROPOSED RULE MAKING

Wi=Final welght of impingers and
contents, g. :

wi=Initlal welght of impingers and
contents, g.

R=Idenl gas coTistant, 21.83-in, Hg—

cu. ft./1b. mole-* R,

T, s=Absolute temperature at standard
conditions, 530° R.

P, =Pressure at standard conditions,
29.62 in. Hg.

Mw =Molecular weight
ib./1b. mole.

ot water, 18

SILICA GEL TUBE

ROTAMETER

\
DKY GAS METER
ICE BATH
'Fiouue 4-1, Moisture-sampling lrain.
LOCATION COMMENTS
TEST,
DAIE
TERATOR
BAROMETRIC PRESSURE
GAS VOLUNE THHOUGH
MEYER, (Vm}, ROTAMEYER SETTING, |  METER YEMPERATURE,
CLOCK TIME 13 13,/ nin °f

Flgure 4-2, Fleld molsture determination.

FEDERAL REGISTER, YOL. 38, NO.
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43 Gasvolume,

P T .
\’"“= vm ( “““ m) (-- ..!i) E
Pnll T-
(17.71 -—?.R' - ViPu
in. g
where:

T
Vae=Dry gas volume through meter at
standard conditions, cu. ft.
Vaz=-Dry g:;s volume measured by meter,
cu, ft.
P. = Brrometric pressure at the dry ges
meter, in. Hg.
P, =Pressure at standard conditions,
29.92-1n. ¥g.
T,,,=Absolute tempcrature at standard
condltions, 530° R.
Tw=Absolute temperature at
(*F.+460), *R.
43 Molsture content.
V, Ve
B "-_—.—,—-—'—"-_-—- Bom=gG—1 o 0.025
- \'-o'*'\mn+ - \'-o+\n.+( ,)

cquation 4-2

meter

cqualion $-3

where:
Beo==Proportion
vapor in
sionless.
Vee=Volume of wafer vopor collected
(standn:d conditions), cu. ft.
Vuwe=Dry gas volume through meter
(standarqd conditions), cu. ft.
Bam=Approximate volumetric proportion
of water vapor in the gas stream
leaving the impingers, 0.025.

5. Referenccs.

Air  Pollution
Danieison, J. A.
National Center
Cincinnatl, Ohio.
099-Ap-40. 1967.

Devorkin, loward, et al. Alr Pollution
Source Testing Manual. Air Poltution Cocn-
tro} District. Lor Angetes, Calif. November
1963. .

Methods for Determination of Yelocity,
Vvolwne, Dust and Mist Content of OGases.
Western Precipitation pivision of Joy Manu-
facturing Co., Los Angeles, Calif. Bulletin
WP--50. 1968.

METHOD 5.—-DETERMINATION OF PARTICULATE
EMISSIONS FROM STATIONARY SOURCLS

by volume of water
the gas stream, dimen-

Engineering Manual,
(ed.). U.S. DHEW, PHS.
for Alr Pollution Control.
PHS Publication No.

1. Principle and applicability.

1.1 Principle. Particulate matter ts with-
drawn isokinctically from the source and s
welght is determined gravimetrically riler
removal of incombined water.

1.2 Applicability. This method is appifca-
ble for the determination of particulate
emizsions froin stationary sources cnly when
gpecified by the test procedures for deter-
mining compiiance with New Source Pes-

~ formance Standards.

2. Apparatus.

2.1 Sampling train. The design specifica-
tions of the particulate sampling train used
by EPA (Figure 5-1) are described in APTD-
0581. Commercial models of this train 2re
available.

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

212 Prob»—Pyrex? enss with 8 heating
system ceprbilc of maintrining a gas tempera-
ture of 250° F. at the exvit end during
samp'ing.  When temnerature  or  lencth
linvitatione are encountered, 316 stainless
steel, or equivalent, may Be used, us approied
by the Administrator,

159-~TUESDAY, AUGUST 17, 1971
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2.13 Pitot tube—Type S, or equivalent,
attached to probs to monitor steck gas

veloclty.

2.1.4 Filter holder—Pyrex! glass with
heating system capable of maintaining any
temperature to & maxlmum of 225° P.
~ 2.15 Impingers—Four impingers con-
nected In series with glass ball joint fittings.
The first, third, and fourth impingers are of
the Greenburg-Smith design, modified by re-

HEAYED AREA

PROPOSED RULE MAKING

placing the tip with a 14-inch ID glass tube
extending to {3-inch from the bottom of the
flask, The second impinger 1s of the Green-
burg-Smith design with the standnard tip.

2.1.6 Metering system—Vacuum gauge,
lenk-free 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 maintain an Isokinetic sampling rate and
to determine sample volume,

FILTER HOLDER  THERMOMETER  CHECK

ORIFICE

PROBE F‘r—
7 b VACUUM
T s
! / LINE
REVERSE-TYPE
PITOT TUBE \
/ / Lo )Y y
' IMPINGERS ICE BATH

PITOT MANOMETER S oASSVALVE

DRY TEST MEVER

Flgure 5-1, Part

2.1.7 Barometer—To measure atmospheric
pressurs o +0.1 in. Hg,

2.2 Bample recovery.

22.1 Probe brush—At least as long as
probe,

222 Glass wash bottles—Two.

223 Glass sample storage contalners.

224 Graduated cylinder—250 ml,

23 Analysis.

23.1 Glass weighing dishes.

2.3.2 Desiceator,

2.3.3 Analytical balance—To measurs to
+0.1 mg.

2.3.4 Beakers—250 ml.

1 Trode name.

-VACUUN
GAUGE
MAIN VALVE

AIR-TIGHT
PUMP

iculate-sampling train,

2385 Separatory funnels—500 ml. and
3,000 ml.

23.68 Trip balance—300 g. capacity, to
measure to #+0.05 g,

23.7T GQGradusated cylinder--25ml, ,

3. Reagents.

3.1 Sampling

3.1.1 Filters—Qlass fiber, MSA 1108 BH,
or equivalent, numbered for identlification
and prewelghed.

3.123 -Sillca gel—Indlicating type, 8 to 16
mesh, dried at 175* C. (350° R.) for 2 hours.

3.1.3 Water—Delonlzed, distilled,

3.1.4 Crushed ice.

3.2 Sample recovery

3.2.1 Water—Delonized, distiiled.

3.2.2 Acetone—Reagent grade.

3.3 Analysis

3.3.1 Water—Dclonized, distliled,

3.3.3 Chloroform-XRengent grade.

3.3.3 Ethyl ether—Rengent grade.

334 Desiceant—Drierite, indlcating.

4. Procedure. =

4.1 Sampling. °

4.1.1  Afier 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 collection train.
Weigh to the nearest gram approximately
200 g. of silica gel, Label a filter of proper
diameter, desiccated for at least 24 hours
and weigh to the nearest 0.5 mg. in a room
where the relative humidity is less than
50 percent. Place 100 ml. of water in each of
the first two impingers, leave the third im-
pinger empty, and place epproximately 200
€. of preweighed sllicn 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 es in Figure 5-1.
Leak check the sampling train at the sam-
pling site by plugging the inlet to the filter
holder and pulling s 15-fn. Hg vacuum. A
leakage rate not in excess of 0.02 c.f.m. at a
vacuum of 15-in. Hg is acceptable, Attach
tho probe and adjust the heater to provide a
gas temperature of about 250* F. 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 sign!ficant changes in stack
conditions necessitate additional cdjust-
ments in flow rate, To begln sampling, po-
sition the nozzle nt the first traverse point
with the tip pointing directly into the gas
stream. Iinmediately start the pump and ad-
Just the flow to frokinetic conditions. Malna
tain isokinetic sampling throughout the
sampling perlod. Nomopranhs ere avallable
which aid in the ran!d edjustment of the
sampiing rate without other commutations.
APTD-0576 detolls the procedure for using
thess nomograpks. Turn off the pump &t the
oonclusion of ench run and record the final
readings. Remove the probe and nozzle fro:n
the stack and handle in accordance with the
sample rceovery process deseribed in section
4.2,

# Dry using Drierite! et 70°£10° P,
Yy
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PLANT
LOCATION
OPERATOR
DAIE
RUN NO.,
SAMPLEBOXNO. e

METERBOXNO.

PROPOSED RULE MAKING

AMDIENT TEMPERATURE . -
BAROMETRIC PRESSURE .

ASSUMED MOISTURE, %

HEATER BOX SETTING B .
PROBE LENGTH. 3,

NOZZLE DIAMETER, in.

PROBE HEATER SETIING

BETER AH 5
€ FACTOR SCHEMATIC OF STACK CROSS SECTION
PRESSURE .
DIFFERENTIAL
ACROSS GAS SAMPLE TEMPERATURE
ORIFICE AT DRY GAS METER
SAMPLING | STATIC STACK VELOCITY METER GAS SAPLE SAMPLE BOX INPINGER
TRAVERSE POINT THIE PRESSURE | TE*IPERATURE | HEAD {aHL VOLUME INLET | OUTLET | YepERATURE, |TELPERATURE.
NUMBER {o), min, | iPg). in. Ha. 1 {Tg) °F {aPy), tn. Hy0 vy, 13 | (rm g ) O F | 1T g F oF oF
TOYAL Avg, Avg.
AVERAGE Avg,

42 Sample recovery, Exerclse care in mov-
ing the collection tratn from the test site to
the saniple recovery nrea to minimize the loss
of collected sample or the gain of extraneous
particulate matter. Set aside portions of the
water and ncetone used in the sample recov-
ery a§ blanks for analysis. Place the samples
in containers as follows:

Container No. 1. Remove the filter from fits
ho'der, ptace $n this container, and :eal.

Conteiner No. 2. Place Joose particulate
matter and acetone washings from all sam-
pic-exposed surfaces prior Lo the filter in this
container and seal. Use a 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. Place water

_Figure 5-2. Particulate fie'd data,

rinsings of all sample-exposed surfaces be-
tween the filter and fourth impinger In this
container prior to sealing.

Container No. 4. Traunsfer the sillca gel
fromm the fourth impinger to the original
container and seal. Use a rubber policeman
as an ald in removing silica gel from the
impinger. )

Container No. 5. Thoroughly rinse all samn-
ple-exposed surfaces between the filter end
fourth implnger with acetone, place the
washings in this container, and seal.

4.3 Anplvsis, Record the data reguired on

the example shcet shown In Figure 5-3.
.Handle each sample container as follows:

Container No. 1, Transfer the filter and 81§
loose particulate matter from the sample
container to a tared glass welghing dish, des-

slcate, and dry to  constant weight. Report
results to the nearest 0.5 mg. -
Container No. 2. Transfer the acetone
washings to a tared beaker and evaporate to
dryness at ambient temperature and pres-
sure. Desslcate and dry to s constant weight.
Report results to the nearest 0.5 mg.
Container No. 3. Extract organic particuinate
from the impinger solution with three 25 ml.
portions of chloroform. Compicte the ex-
traction with three 25 mi, portions of ethyl
ether. Combine the ether and chloroform ex-
tracts. transfor to a tared beaker and evapo-
rate at 70° F. until no solvent remeains. Dese
sicate, dry to a constant welght, and report
the results to the nearest 0.5 mg. .
Container No. 4. Weigh the cpent sillca

gel and report to the nearest gram. |

-—
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,‘PLANT where:
Vi, 4= Volume of gas sample through the
DATE dry gas meter (standard condi-
tions), cu. 1t
RUN NO.. Va=Volume of gus sample through the
- R . dry gas meter (incler conditions),
cu, fi,
T, =Absolute temperature at standard
- conditions, 530 *R.
Twm=Average dry gns meter temperature,
‘R.
\ P, — Barometric pressure at the orifice
WEIGHT OF PARTICULATE COLLECTED, et meter, in. Hg.
CONTAINER mg AH==Pressure drop across the orifice
NUMBER meter, in H.O.,
d . : 33.6 =8pecific gravity of mereury.
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN P,.,=Absolute pressurc at strndard con-
ditions, 29.92 In. Hg.
1 6.1.3 Volume of Water vapor.
2 Vewam Vi 25 ) ()
3a* watd N M"‘O Pou =
o (0.0474 S‘-"-‘i')v.
- ml. ¢
6 equation 3-2
TOTAL where:
V..M:Volume of water vapor In the pas

*3a - ORGANIC EXTRACT FRACTION.
*+3h - RESIDUAL WATER FRACTION,

VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
ml [}
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUNME COLLECTED o* ml

* CONVERT WEIGHT OF WATER TO VOLUNE BY PIVIDING TOTAL VEIGHT

INCREASE BY DENSITY OF WATER. {1 g/ml}:

INCREASE. g

{1 9/mt)

= VOLUNE WATER, m!

Figure 5-3. Analytical data.

Contalner No. 5. Transfer the acctone
washings to a tared beaker and evaporate to
dryness at ambient temperature and pres-
surc, Desleeate, dry to a constant weight, and
report the results 1o e nearest 0.5 mg.

5. Calibration,

Use standard methoas and eguipment ap-
proved by the Admintstrator to calibrate
the orifice meter, piw: tube, dey gas mcter,
and probe h:cater,

8. Culeulations.

61 Sampie concentratjon method,

6.1.1 Average Ary fos melar temperature,
See data sheet (Flure b-2).

6.3.2 Dry pas volune. Correet the sample

volume measured by the dry gas meter to
standard condlitions (70* F., 29.92 In. Hp) by
using Equation 5-1.

cquation 5-1

sample (standard conditions), cu.
1.

Vi, =Total volume of Yquid collected in
impingers and silica gel (sce Fig-
ure 5-3), ml.

pun=Density of water, 1 g./ml.

My o:=Molecular welght of water, 181b.1b.
mole. .
R:=TIdeal gas constant, 21.83 in Hg-cu.
. ft./10. mole-“R.

T, ..:=Absolute temperature nt standard
conditlons, 530° 1.

P, =Absolute pressure at standard cob-
ditions, 29.92 in. Hg.

6.14 Total gas volume.

Vi =v"‘nl'!'v“.m
equation 5-3

where:
Vo =Totrl volume of gas sample (stand-
ard condltions), cu. ft.
Vm,, = Volume of gas through dry gAs
meter (standard conditions), cu.
1t.

Vi, g2 Volume of water vapor In the gas
sample (standard conditions), cv.

) 1.
6.1.5 Total particutate weight. Determine

the total particulate cateh from the sum of
the weights on the analysis data sheet (Fig-

wre 5-3).
6.1.6 Concentration.

- EVRLIER _1.\_'.".-)
e (oo i) (v
cquation 5-4

where:
¢'s = Concentration of particu!me niatter

in stack gos (Sampie Concentra-

T I’.,.,-l—-é,-.I ‘-_ tlon Mcthod), gr./s.c.f.
Vg™ Vi (»-,If'-'—') . -)._!.‘2.'!’. M.:zTotal amoun’ of particulate mat-
o Py ter collccted, mg.
All V",,.,::.‘l‘oml volume of pus sampile (stand-
°n i Pb-l""]:‘"]‘} ard conditions}, cu. ft.
(17.71 nol l'i_-')(‘ ) ‘li:":"' 62 Ratloof aren method.

6.2.1 Sinck gos velosly. Collect the neces-
sary datn as detailed In Method 2. Correct the

- o a
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231 Pipettes——Transfcr type, 5 ml. and
10 =l. sizes (0.1 ml. divistons) and 25 ol
sizo (0.2 ml. divisions).

23.2 Volumetric flasks—50 m), 100 ml,
and 1,000 ml.

233 Nurettes—5 il and 50 ml.

234 Erlenmeyer flask-—125 ml.

3. Reagcents. .

3.1 Sampling.

3.1.1 W:swr—Dclomud.distmod.

3.12 Isopropanol, BO pereent—Mix 80 ml.
of isopropanol with 20 inl, of distilled water,

3.1.3 Hydrogen peroxide, 3 percent—dilute
100 ml. of 30 pereent hydrofen peroxide with
900 ml. of distilled water. Prepare fresh dnily.

3.2 Sample recovery.

3.2.1 Water-—Deionlzed, distitled.

3.22 Isopropanol, 80 percent.

3.3 Analysis.

331 Water—Deionlzed, distilled.

3.3.2 Iscopropuanol.

333 Thorin fndicator—1-(o-arsonephens-
ylazo) -2-naphthol-3, C-disulfonic acid, diso-
dum salt (or equivalent). Dissolve 020 g.
in 100 ml, distilled water. .

334 Brrium perchlorate (0.01N)—D!s~
solve 195 of barfum  perchlorate
18a(C10,),"3H, O] in 200 ml. distilled water
and dilute to 1 liter with Isopropanol. Stand-
ardize with sulfuric acid.

3.3.5 Bulfuric acid standard (0.0IN)—
Purchase or standardize cyainst o primery
standard to :+0.0002N.

4. Proccdure.

4.1 Bamplng.

4.1.1 Preparailon ol entleciion train, Pour
15 m). of &0 percent isoprepancl into the
midget bubbler and 15 ml. f 3 pereent Lydro-
gen peroxide 10 cach of the fivsy two et
smpingers. Leave the finii midget fmpinger
dry. Assemble the train us shown in Figure
6-1. Leak check the saunpiine train &t tho
rampling site by pluzging the probe inlet and
pulllng a 10-in. Hg vacunn., A leakage rate
not In excess of 1 percent of the sampiing
rate s acccptable. Carefully rejenac the prolie
inlet plug end tum off the pump. Viace
crushed fce around the inopinsers, Add anore
jce during the run to kooep bhe temperature
ot the pases leaving he Jost lmpinger at
70* ¥. o 1c3s,

4.1.2 Sample colicciion. Adjust the sime-
pie 1low rile proportioial 1o the sinck o8
velocity, Take readines o1 easL every S mine
utes and wnlhien significant ehenges In siark
conditions wpecr=eltate  eda:tional  aijid
ments In fow rate, To bein compling, |
tion the novzle with the tip: pmnting direstly
into the passtreom and st-rt Ahs pump, Faurma
ple proportionally vhrovghogi the run, At e
conclusion of each run, turi oX the pump
and record the finnl readings. Remove the
probe from the siack &l d aseonnect it ftem
the train. Drain the ice Fath znd purge ihe
remmining part of the train by drawing cienn
araltent air tnrough the system for 15 mine
uwes.

4.2 Sample reeovery. Direognnect the im-
pingers after the purging pericd, Discard
the contents of the mideet bubbler, Four
the contents of the mideel hwpingera into
u poisethviene eh!pinent boitie hmnre tee
throe LalGrct SINpINEess whidh the CCLnce g

PROPOSED RULE MAKING

tubes with distilied water and add theso
washings to the same storafe contalner,

43 Sample analysls, Tronsfer the con-
tents of the storage contaluer to & 50-ml,
volumetrle flask, Dilute to the mark with
dejonized, distilled waler, Pipette a 10 ml.
aliquot of this solution to » 125-mi. crien~
myer flask. Add 40 ml. of isoprapanol and 2
to 4 drops of thorin indicator. Titrate to &
pink endpoint using 0.01N barlum perchlo-
rate. Run & blank with each scries of
samples,

5. Calibration.

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

52 Standardize the sulturic acld with po-
tassium ncid phihalate 8s a primary stand-
ard. Standardize the barium perchlorate
with 25 ml, of standard sulfuric acid con-
taining 100 ml. of isopropanol.

G. Calculations.

6.1 Dry pas volume. Correct the sample
volume measured by the dry gas meter to
standord condittons (70° F. and 29.92 In.
Hg) by using Equation 6-1.

* =\’ ’rn d PLll -
Vo= (52 (2:2)

17.71 e Yolua -

i ig/) T equation 6-1.

where: )
Vm,, =Volume of gns sample through the

' dry gas mcter (standard condi~
tions), cu. 14,
V.=Volume of fas sample t{hrovgh the
dry gas meter (meter conditions),
cu. ft.
T..,=Absolute temperoture at standard
conditions, £30* R.
T.a=Average dry gas meter temperature,
‘R

P,,,=Barometric pressure #l the orifice
meter, in, Mg,
org = ARzolute pressure at standerd cone
ditions, 29.92 1o, AE.
€2 Sulfur dioaide concentration.

Cs0, £

(7.().’,}: 1075 -l

Vi Ved N (
goml. B

cquation 6-2

where:
¢-0.2:Cunrenlration of sulfur Oi-
7 oxide at standard conditions,
dry bnels, 1b.s AL 1.

7.0510 +==Conyerston  factor including

the nuutber of grams per gran.

cquisalent of sulfur Aloxide
(32 g./g--t0.), 453.6 £./10., and
1,000 1./}, lb.-/g-ml
V.= Volume of barium perchlorate
titrant used for the sarple, ml
V.. =Volume of barinm perehhaate
titrent used for the blank, mi,
N =Noinndity of barium perchlo-
rate titnint, goeq)

L _aen es

IS7 =1

Veate='Total solution volunie of sultur
dioxide, ml.
V.=Volume of
titrated, ml.
Vi, gx=Volume of gos semple through
the dry gas mecter (standurd
conditions), sce Equation 6-1,

cu. ft.
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Ohlo. 1963.

Corbett, P. F. The Determination ‘of SO,
and S0, in Flue Gases. Journal of the In-
stitute of Fucl. 24:237-243. 1961.

Matty, R. E. and E. K. Diehl, Measuring
Flue-Gas SO, and SO, Power 101:94-97.
Novemnber 1057,

Patton, W. F. and J. A, Brink, Jr. New
Equipment and Techniques for Sampling
Chemlcal Process QGases. Paper presented at
the 55th Annual Mecting of APCA. Chicago,
L. May 20-24, 1962,

METHOD  7—DETERMINATION OF NITROGEN
OXIDE EMISSIONS FROM STATIONARY SOURCES

1. Principle and applicadility.

1.1 Principle. A grab sample is collected
tn an evacuated fiask containing R dilute
sulfuric acid-hydrogen peroxide absorbing
solution, and the nitrogen oxlides, except ni-
trous oxide, are measurcd colorimetrically
vsing the phenotdisulfonio acid (PDS)
procedure.

1.2 Applicability. This method Is applica-
ble for the measurement of nitrogen oxides
from stationary sources only when epecitied
by the test procedures for determining coms=
pliance with New Source Performancoe
standards,

2, Apparatus,

21 Sampling. See Figure 7-1.

2.1.1 Probe—Pyrex? glass, heated., with
filter to remove partlculute matter, Heating
s unnecessary if the probe remainsg dry dur-
ing the purgirg perlod.

2.1.2 Collection flask—Two tter, Pyrex!?
round bottom with short neck and 24°40
standard taper opening, protected Rgainst
tmplosion or breakage. .

2.1.3 Finsk valve—-T-bore stopcock con-
neeled 1o a 24740 standard taper joint.

2.1.4 ‘Temperaiare gauge—Dial-type ther-
mometler, or equivalent, capabie of measur-
ing 2° F. intersvals from 25 10 125° F,

2.1.5 Vacuum line—Tubing capable of
withstanding a vacuum of 3-In. e ab:zciute
pfessure, with I connection and T-bore
stoproek. or cruivalent.

416 Presswie pauge—U-tube  manom-
eter, 36 inches, with 0.1 inch divisions, or
equivaicnt,

211 Pump—Capabhle of producing o voc-
uum of 3-in. g absolutz pressute.

2.1.8 S&jucese bulb—One way.

2.2 Sample recovery.

221 Pipctte or dropper.

222 Class storape containers—Cushioncd
tor shipping.

sampls  aliquot

s Trade Lame.

sto  YUECHAY. AUGUST 17, 197)
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APPENDIX E

o “THDERY, |

LABORATORY REPORT

[ LA

Walald

BACK HALF IMPINGER WATER RESIDUE PHASE
ANALYSIS BY WET CHEMISTRY

Plant PRevere Smelting and Refining Company, Newark, New Jersey

Date December 8, 1971

‘ ~.‘JA31

Run 1
‘ﬁ Organic, Inorganic, Total,
‘} mg ] mg mg
;T‘ Split Residue Mass Before Analysis 6.7 12.5(a) 19.2
3
- Constituent Mass per Split Residue
4 | 504 < 0.3 < 0.3 < 0.3
-’ S0, 0.33 8.8 9.13
g Total Sample Residue Mass 13.4 25,0(a) 38.4
:i Constituent Mass per Total Residue
S04 < 0.6 <0.6 < 0.6
3 S0, 0.66 17.6 18.26
3 (a) Water blank subtracted; water blank = 0.022 mg/ml.
3
4
b
et
E
3

3
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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

’3 Split Sample Volume Analyzed - 130 ml
3 mg per mg per
Constituent mg/ml Split Sample Volume Total Sample Volime
3 Total Acid 2 ) 0.26 ] 0.52
SO3= 160 20.8 41.6
-; SOQ= 24 3.12 6.24
3 c1- 2 0.26 0.52
3
i, 43 5.60 : 11.20
5
e pH(a) 3.6

(a) Value is pH units.
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LABCRATORY REPORT

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

Total Sample Volume, Run 1 - 260 ml
Split Sample Volume Analyzed - 130 ml

Impinger Water

Element Run 1
He(a) <0.3
Be < 0.3
cd < 13.
As < 13.
v < 3.
Mn <1.
Ni < 10.
Sb < 13.
Cr < 10,
Zn %26,
Cu 2.
Pb 26.
Se(b) (c)
B 2.
F(b) (c)
. Li 26.
i Ag < 0.3
Sn < 13,
Fe 10.
. Sr < 10.
ég ' Na < 26.
: K < 90.
%@ (a) Sample dried and
i Ca 10. ignited at 450 C
Si 26. prior to analysis;
~§3 Hg values are not
2 Mg : 2. considered significant.
ég Co < 10. (b) Not detectable by OES.
e Ra < 3. (c) Water blank subtracted;
2 ' Al < 10, water blank = 0.022 mg/ml
3 Total 38,500 e

Mass, ug(c)
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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.
' < 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 EMISSTION 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.
-pp(a) — — —— ——
B 1. < 1. 3. 10.
Ag <1. < 1. < 1. < 1.
Sn 50. . 50, 10. 10.
Fe 1000. 500. 30. 30,
Sr < 1. < 1. < 1. < 1.
i Na 200. 300. 200. 200.
y K < 500, < 500. < 500, < 500
Ca 100. 100. 100, 10C
Si 50. 50. 50, 5C
Mg ~200. 300. 100.’ 5.
Ba < 10. < 10. < 10. <1
Al 10. 10. 10. 1C.
:3 ‘ T‘j;ai‘;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 Fan 3 and 4,
were in excess of the reported values; thzrefore, analysis data
for all runs are being reportad for the uncorrected mass values.
Blank value = 0.035 mg/ml.
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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

B - Aliquot, ml

C - Dilution Factor

D - Absorption, Percent

E - Absorbance from Atomic Absorbance
Tables, Based on Percent Absorption

F - Lead, ug/ml of Diluted Aliquot

(a)

G - Lead, ug/Split Filter Sample

H -~ Lead, ug/Total Filter

Example Computation

CxAxF=¢G

50 x 4.5 x 11,1 = 2500
2xG=H

2 x 2500 = 5000

4.5
1.0
50

32.5

0.1707
11.1
2500

5000

(a) Determined from calibration curve; based on 0,1707

absorbance.
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FILTER ANALYSIS FLOW DIAGRAM

3-in. digm
Filter

y
Low Temperature Ash

1/2 Filter

8ml 19% HCL
32ml 40% HNOs

Continuous Acid Reflux

Y

1.0 End Volume 5.0 mi ‘ 1.0
aliquot aliquot
Lead by Trace Metals
Atomic Absorption by '
Optical Emission Spectroscopy
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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).

SO4
2 1. Add 4 ml of 1:1 HC1 to the solution, heat to a boil, and continue
% boiling for about 5 minutes.
fg 2. 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

e volume with deionized water.

3. Heat to near boiling temperature, add 10 ml of 10 percent BaCl2
solution, stir well, and digest at near boiling temperature for an
hour. o

4, Remove from the hot:;iate and cool to room temperature. Allow the
solution to stand at room temperature at least 2 hours - preferably
overnight.

5. TFilter off the precipitated BaSO4 through a tight filter paper
(Whatman No. 42 or equivalent). Wash the paper and precipitate with

i hot deionized water until the washings are free of chloride.

ﬁﬂ 6. 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.

7. 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.

e

DISCUSSION OF METHODS

g‘, i &’;'«é i

The methods used for the chemical analysis of residues were

LiS

\

b

chosen because they represent reliable procedures used almost routinely in

. N
A

e
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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 £ﬁd&éh insoluble. Combine where indicated and ad just
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 wéight 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 ml for 10 m1 for 10 m1 for
pH and 804— c1” NH4+ total nitrogen
(Devarda's method)

® N03- will be calculated from the différence between total

nitrogen and NH4+

iy o

Note: 'Dry pipetting' (no rinsing of pipette) must be practiced
~i§ 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.
g?* (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
3 original sample. If a filtration step was included the
. weight of residue retained by the filter is added before

multiplying by 5/4.

Ghisd

Preparation of Filters for Chemical Analysis

L

? (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.

el Rpiad RELE



(2)

(3)

4)

(5

E-13

Measure the pH of the solution using the small electrode
assembly. |

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

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

Ccl, NHA’ and NO3 on the entire filter circle.
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3 APPENDIX F
g TEST LOG
g J December 6, 1971 Arrive on site

Start erection of scaffold

IS’ 3]

December 7, 1971 Complete erection of scaffold
Set up equipment

ATy

December 8, 1971 Make Run 1 while furnace is under repair
- Make Run 2
“3
. December 9, 1971 Make Runs 3 and 4
33 December 10, 1971 Pack equipment

Leave test site.
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APPENDIX G

RELATED REPORTS

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

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

RESEARCH REPORT ON SECONDARY LEAD PLANT 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 Technologiét (Team Leader)

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
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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 A 3:51 10:55 12:26

5:10 12:26 1:45
Lead ingot mold change 3i00(b) 9i41(a) 12310(a)
3:22 10:10 1:12
27(P) e (a) N ).
3:47 10:45 1:50
-5 (P) -0 (P) Tac (@)
4.45(a) 11.30(b) 2.35(b)
5:07(a> 12:10 3:05
5:40
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, lb/hr 3000 2300 2500
Slag rate, 1b/hr ' 1500 1000 1500

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

(¢) 400 pounds of mixed feed
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OPERATIONAL NOTES

Plant - Revere Smelting and Refining Company
Newark, New Jersey

2
#

12/9/71
< 1:30 p.m. Furnace started after replacement of tuyere
- 2:10 Started filling lead mold
%3 Operating 10 percent oxygen enrichment
3:00 Change lead molds
Eg 3:05 Load furnace
) 3:18 Load furnace ‘
"'3 3:22 Change lead mold - 1650 pounds
3:27 Load furnace
3:36 Load furnace
10 percent oxygen enrichment (estimated)
" 3:47 Load furnace
éj 3:51 Start tapping slag
?a 4:05 Rod tuyéfég
Finish tapping slag - 2000 pounds
A 4:09 Finish rodding tuyeres
5 Lead flow stops while tapping slag
4:18 Load furnace
3 4:21 Load furnace
4:31 Load furnace
A 4:40 Load furnace
4:45 Change lead mold - 1650 pounds
4:51 Load furnace
4:59 Load furnace
5:07 Change lead mold - 1500 pounds
5:08 Load furnace
5:10 . Tap slag - 2000 pounds
" 5:22 Load furnace
;E 5:31 Load furnace
5:34 Road tuyeres
5:36 Finish tapping slag
: 5:40 Change mold - 1500 pounds
43 5:48 Finish rodding tuyeres

: : Finish observations.
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23 “ OPERATIONAL NOTES (Continued)

;j - 12/9/71

09:10 a.m. Change lead mold

09:30 Velocity pressure in small duct 0.5-0.7 inches H,0,
%3 duct diameter 15.5 inches. This is duct from smiller
: scrubber system to stack

09:41 Change lead mold - 1500 pounds

09:50 Started observations ‘

10:10 Change lead mold - 1500 pounds

10:11 Load furnace

10:25 Load furnace

10:35 Load furnace

10:45 Change lead mold - 1500 pounds

10:46 Load furnace

10:55 Tap slag - 2000 pounds

11:05 Rod tuyeres

11:10 - Load furnice

11:10 Finish rodding tuyeres

11:23 Load furnace

11:30 Change lead mold - 1650 pounas

11:42 Load furnace

11:53 Load furnace

12:10 p.m. Change lead mold - 1650 pounds

12:11 Load furnace

12:26 Start slag tap - 2000 pounds

12:29 Load furnace

Pressure; 47 inches HZO at inlet to fan on large
scrubber

Temperature gas at scrubber inlet 95 F

12:45 Finish slag tap
12:53 Load furnace
23 1:05 Load furnace ’
,  1:12 Change lead molds - 1500 pounds
1:13 Load furnace
» 1:23 Load furnace
jg 1:32 Load furnace
1:40 Load furnace

3
4
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OPERATIONAL NOTES (Continued)

~12/9/71
1:45 Tap slag
1:50 Change lead molds - 1500 pounds
2:00 Load furnace
2:03 Clean tuyeres
2:15 Stop slag tap
2:20 Load furnace
2:35 Change lead molds - 1500 pounds
2:38 Load furnace
v 2:45 Load furnace
*’3 2:50 Load furnace
- 3:05 Change molds - 1650 pounds
fg 3:08 Load furnace

ey End observation notes
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APPENDIX J

SUMMARY OF RESULTS

Total Catch

Run_Number 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
Flow rate - DSCF/ton 8,067 11,108 10,450 9,875
Temperature = o 97 95 93 95
Water vapor - Vol. % 2.4 1.7 2.3 2.13
co, - Vol. % dry 0.5 0.8 0.8 0.7
0, - Vol. % dry 20.3 20.2 18.8 19.7
CO - Vol. % dry 0.8 0.3 0.2 0.4
CO - 1b/hr 420 160 109 330
50, - ppm dry 0.06 0.04 0.08 0.06
SOZ.- 1b/hr 0.01 0.01 0.01 0.01
Visible emissions - % opacity 10-15 10-20 5-15 12
Particulate Emissions |
Probe and filter catch
gr/DSCF 0.0196 0.0084 0.0149 0.0143
gr/ACF 0.0184 0.0080 0.0140 0.0135
1b/hr 2.0354 0.8913 1.6061 1.5109
1b/ton lead 1.3570 0.7750 1.2849 1.1389
Total Catch
gr/DSCF 0.0275  0.0157 0.0235 0.0222
gr/ACF 0.0257 0.0149 0.0221 0.0208
1b/hr - 2.8474  1.6556 2,5200 2.3410
1b/ton lead 1.8983 1.4397 2,0160 1.7847
lead Emissions
Probe and filter catch
gr/D3CF 0.00127 0.00061 0.00127 0.00105
gr/ACF 0.00119 0.00058 0.00120 0.00099
1b/hr 0.1320 0.0646 0.1368 0.1111
1b/ton lead 0.0880 0.0562 0.1095 0.0846

Essentially the same as probe and filter,
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INTRODUCTION

Gas and particulate emission measurements were made at the

- Quemetco, Incorporated,  a subsidiary of St. Joe Minerals Corporation,

secondary lead plant in Industry, California, on January 26 and 27,
1972. The results of the measurement at this and other lead plants will
be used in determining standards of performance for secondary lead plants.
The effluent gas from a lead reverberatory furnace was sampled in the
stack from the reverberatory furnace baghouse outlet after particulate
removal by a cyclone, three settling chambers, and a baghouse in series.
Particulate and SO, emissions were determined and an Orsat analysis was
made. The fume from the lead and slag taps was treated in a separate
baghouse. A blast furnace which was fed exclusively on reverberatory
furnace slag, and a lead oxide plant were on the same site, but had
separate dust-control systems.

The reverberatory furnace is used to melt down manufacturers'
scrap and worn out batteries as well as various lead oxide drosses and
dusts. The reverberatory furnace differs, in use, from a lead blast
furnace in that it iz used to remove antimony from lead in order to pro-
duce a soft lead product. The high antimony slag by-product generally is
of equal value to the metallic lead. Because of a temporary tight supply
of antimony, the slag was the economically important product at the time

of testing.
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Figure 1 is a sketch showing the gas flow through the reverbera=

" tory furnace and its gas cleaning system. The complex ductwork collects

most of the dust from the furnace and cools the gas from about 1700 F at
the furnace to about 200 F at the baghouse inlet. The baghouse filters
out the rest of the dust and the clean gas is exhausted through a short
stack which is mounted on the exhaust fan. Samples were taken from near

the top of the stack.
SUMMARY

The stack on the secondary lead reverberatory furnace at Quemetco,
Inc., in Industry, California, was sampled for particulates SOz, COQ, 0.,
and CO in 3 runs of 2 hours each on January 26 and 27, 1972, A summary
of the results is presented in Table 1,.Appendix I. The furnace was opera-

ted on an 8-hour duration batch cycle. The first 2 runs were made during

. & period of slag tapping-when the feed rate was low and the furnace was hot;
the third run was made during a peiiod of high feed rate, high firing rate,

and at a time when the furnace was cool.

The particulate caught in the probe and filter for the 3 runs
was consistent and averaged 0.0035 gr/scf which is equivalentigg an
emission of 0.21 1b/ton of lead. The lead in the particulate emission
averaged 0,0005 gr/scf. Additional material was caught in the impinger
section of the particulate train, which increased the average total emission
to 0,011 gr/scf or 0.66 1b/ton for the first 2 particulate runs when the fur-
nace was fed slowly, and to 0.021 gr/scf or 1.16 1b/ton during the third par-

ticulate run,

The SO, concentration was measured in 4 runs: the last 3 con-
current with par;iculate sampling. The SO, emission was consistent for
the last 3 runS';;)1574 ppm or 109 1lb/ton of lead produced. The first
run was made at a time of low firing rate and the SO, concentration in

the stack gas was 685 ppm.

BATTELLE — COLUMBUS
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The Orsat analysis shows that the combustion gases are diluted
with about 11 volumes of air in the furnace and ductwork following the

furnace. Carbon monoxide, if present, was in concentrations below the

_measuring accuracy of the Orsat (about 0.1 percent).

A chemical analyses was made of the acetone probe wash residue.
Few metals were detected; lead being the major metal. None of the more
common anions were found and, therefore, it can be concluded that the probe
wash residue was generally organic in nature and organics would not be

detected by these analyses.

Run 1 impinger water residue and its chloroform - diethylether
extract residue were analyzéd by optical emission spectroscopy agﬁ»atomic
absorption. Total lead detected by atomic absorption in the two residues
was 0.6 mg as compared'to 5.6 mg in the front-half residues (lead emission
calculations are based only on front-half data). Sulfate was the major

element detected by optical emission spectroscopy having a mass of 22.0 mg.

DT e
L ST

PROCESS DESCRIPTION

The Quemetco Plan: processes various lead scraps, mainly used
automobile batteries, into lead ingots of various compositions and into
lead oxides. The plant consists of a large receiving yard, a battery
cutting operation, a reverberatory furnace, a blast furnace, lead-kettles
and casting equipment, and a lead oxide facility. Most of the scrap 1is
received in the form of discarded batteries. Some manufacturers' scrap
from battery making operations is also received. The lead ingots are

cast to compositions specified by the customer.

The obsolete automobile batteries are fed into the battery
cutting operation as they are received. The tops are cut off, the acid
dumped and hauled away by a disposal company, the battery plates removed,
and the cases ground to coarse pieces. The battery plates are stored
for a week or more to drain the acid. A feed of battery plates, ground-
up battery cases, and process dust is fed to the reverberatory furnace.
The soft lead from the furnace is further refined in kettles, then cast

into ingots for sale. The slag from the reverberatory furnace is the only

BATTELLE — COLUMBUS



lead feed to the blast furnmace. The high antimony lead is mixed in
kettles with soft lead from the reverberatory furnace in preparation

for various commercial alloys. Some of the soft lead is used to make
lead oxide on the same site. '

The Reverberatory Furnace

A sketch of a lead reverberatory furnace is shown in Figure 2.
A charge of lead is normally rammed in from omne end with a burner located

on each side of the ram. The natural gas flame passes over the hearth

" and the heat melts the lead. The exhaust gasses pass through a refractory

flue. Lead and slag are tapped from opposite sides of the furnace at the

" end opposite the feed, The hearth at Quemetco was about 25 feet long by

8 feet wide. The roof was about 3 feet above the melt. The furnace was

batch-fed each 8~hour shift. When a new shift arrives, the gés to the

_furnnce is turned offqgggﬁthe collected dust is removed from the ductwork

and immediately fed back into the furnace with a Payloader. This operation
takes about 1/2 hour. The ductwork is rapped with sledge hammers to knock
the dust into the hoppers.

After the ducts are cleaned the gas burners are turned on "high"
and the furnace is charged for 1-1/2 to 2 hours, as quickly aEEBossible.
At the end of this period a large heel of solid feed material is in the

feed end of the furnace and another 30 minutes is required to melt it.

During the meltdown period the furnace is stirred by hand, both
to increase the melting rate and to mix the slag with the lead to dissolve
the antimony in the slag. Foullowing meltdown, the slag is tapped for 1/2
to 1 hour. The natural gas flow to the burners is reduced to perhaps 50

percent of maximum during this operation.

Three to five tons of slag are tapped at a time into 500-1b
cone-shaped blocks called "huttons". Fumes from the hot slag taps from the

furnace are collected in a hood system. Several times the slag buttons were

BATTELLE — COoOLUMBUS
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removed from the hood before they stopped fuming.

After tapping slag the furnace is allowed to stabilize for an

hour, then the crew starts tapping lead into an ingot mold that has compart-
ments for five 1-ton hogs. The furnace is fed at a decreased rate during

this time and the gas burners are operated at about 70 percent capacity.
While a hood is placed over the lead well, no fumes were observed. The
hood is used primarily to exhaust the gas from a burner used to heat the

well when lead is not being tapped.

During the last 1/2 hour of the shift, feeding is stopped and the
burners are turned to maximum capacity to melt out any heel of solids that

may be at the feed end of the furnace.

The feed to the furnace is in 1000 pound increments and is pre-

mixed in a large storage pile. It consists of battery plates, flue dust,
PR

' purchased oxides, and broken battery cases. The battery cases made the

furnace slightly reducing and hence some oxides are reduced in the furnace.

. A natural gas-air mixture is burned in two pressure burners
at the feed end of the furnace., The firing rate to each burmer is set
by hand-operated valves with a single handle to control both Eﬁifgas and
air flows. At full flow, the air pressure in the line to the burner is
about 22 ounces, and at normal firing rate the pressure is about 19 ounces.
The burners are frequently adjusted to meet the changing heat demands of
the furnace. From the Orsat analysis, assuming all CO2 comes from the
natural gas, the firing rate is 265 cfm of natural gas or 16,000,000 Btu/hr.
From the water-content of thelflue gas, a similar calculation indicates a
firing rate of 13,000,000 Btu/hr. The vacuum in the furnace is estimated
at 1/4 to 1/2 inch of water. Air is pulled into the furnace at high velo-
city through the two sight and stirring ports on the feed end of the fur-
nace, the feed port, and the slag port. This air is necessary to burn

the volatiles in the battery cases.

BATTELLE — COLUMBUS
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Cas Cleaning Equipment

A diagram of the gas cleaning equipment is shown in Figure l.
The gas from the furnace is exhausted through a brick flue at about 1700
P and travels into a water cooled tower 8 feet in diameter and 30 feet
high., Little dust is collected in the base of this tower. The gases then
pass into a steel tower about 5 feet in diameter and 18 feet high. The
gases then pass through a 40-inch~-diameter duct in the form of an inverted
my" with the top of the "V about 20 feet high. About 2000 pounds of dust
per shift is collected in a hopper under the first leg of the "V" and
2500 pounds per shift in a hopper under the second leg. This second hoppet
also collects dust from a duct to the following cyclone. Another 2000
poundsper shift is removed from the cyclone. The gases then pass through
a manifold where gas from other equipment could be sent to the baghouse

on the reverberatory furnace or the furnace off-gaé could be sent to other

" gas cleaning equipment.: :Dampers in ducts to other equipment were closed.

The flue gas then passes through another hopper where about 100 pounds
of dust per shift is collected, and into the baghouse which collects another
1500 pounds of dust per shift. All of the equipment between the'water

cooled tower and the baghouse is constructed of uninsulated steel and the

gases passing through it are cooled to about 200 F.

-

The baghouse, a product of the Rees Blow Pipe Manufacturing
Company, was recently insulated to prevent water condensation. The bag-
house is constructed in seven sections having a total of 1120 bags; each
6 inches in diemeter and 10 feet high. With a total bag area of 17,800
ft®, and a gas flow of 15,000 cfm, the air-to-cloth ratio is 0.9, During
the first run, the shaking cycle was inccrrectly ad justed to give a 10-
second shake per section with a 40 second time interval between-sections;
the total cycle being 6 minutes. Before the second run, the timer was
correctly adjusted to give a 35-~gecond shake per section with a 6-1/2=
minute time interval between sections; the total cycle being 50 minutes.

During the shaking, dampers isolate each section.

BATTELLE — COLUMBUS



LOCATION OF SAMPLING POINT

All of the samples were obtained from the stack at a point
28 feet above ground as shown in Figure 3. The Orsat and S0, samples
were obtained from the center of the stack, and the particulate sample
was obtained from a 20-point traverse and are indicated in Figure 3. The
sampling point is seven stack diameters above the square to round transi-
tion, a distance which requires a minimum of 20 traverse points. The
stack outlet is 1.8 stack diameters above the sampling point, a distance
which also requires a minimum of 20 points, as indicated by the Federal
Register in Appendix E. '

PROCESS OPERATION

The process operation was close to normal. The furnace was

started on Monday and the tests were made on Wednesday and Thursday, which

‘may not have been sufficient time to develop smooth furnace operation. A

torn bag was found after Run 2 had been completed. The fact that Run 2 had
the lowest dust loading of any run suggests that the tear actually occurred
after the completion of Run 2. An excessive shake cycle during Run 1 may
have contributed to a higher dust loading for that run.

Because of a shortage of antimony ore, the antimoniai ;iag was
the more valuable product of the veverberatory furnace. The slag product of
the furnace was fed to a blast furnace for the production of hard lead. The
blast furnace lead was shipped the same day it was processed, The soft lead
from the reverberatory furnace was stored. The desire for slag, rather than

lead, is not considered to effect furnace operation or performance.

Furnace Operation

The first sample run was started during the meltdown period
following feeding and continued through the slag tap into the initial
stages of the lead tap period. From this point in the cycle, the par-

ticulate emission would be expected to be near the maximum because the

BATTELLE — COLUMBUS
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furnace temperature is at its peak; the gas flows are the highest en-
countered during the cycle, and because during the meltdown period the
solid unmelted charge is near or in contact with high velocity burner

gases.

During the second sample run, at the time lead tapping would
have been expected, antimony had not migrated into the slag. At this
time, additional oxides were fed to the furnace prior to making a second
slag tap. Near the end of the run, lead was tapped at a high rate over
a short time period. Therefore, during this run the particulates would
be expected to be high for the same reasons given for Run 1.

The third sample run was started during the middle of the fur-
nace loading period and continued through the melting and the slag tapping
periods. This should be a period of normal to high particulate emission.

) R )

The long lead-tapping period was not sampled. The particulate

emission is judged to be slightly less during this period because the

furnace is relatively cool. Also, the amount of dust in the furnace by

. visual observation appeared to be less.

far=-

Emission samples were not taken during the duct cleaning period,
however, the emission mﬁy be characterized by long periods of low dust
loading interspersed with>short, very high, peak loads induced by banging
the dust from the ducts with hammers. The amount of particulates caught
on the sampling filter was about the same for the three runs. The impinger

residue for Run 3 was high in comparison to Runs 1 and 2.

Operation of Gas-Cleaning System

During the first samplé run, the shaking mechanism on the bag-
house was operated excessively and therefore, a higher than normal dust
loading was expected, but not observed. Following the second run, a torn
bag was found but the expected high dust loading was not observed. Dust

from the stack was observed by the plant manager 2 hours after the sample

BATYTELLE — CoLumMmBUS
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was taken and the torn bag was then replaced. The gas-cleaning system

| was operating normally during the third sample run so that average emiasions

were expected and observed.

About 1000 1b/hr of dust is emitted from the furnace and of this
amount about 800 pounds is collected in the ductwork. Nearly all of the
remaining 200 pounds is collected in the baghouse. About 0.5 1b/hr is
emitted from the stack based on probe and filter collection so that the
overall collection efficiency is 99.95 percent. The baghouse efficiency
is 99.7 percent. -The efficiencies are based on probe and filter catch
i;’;;;;I;;E_E;_current specifications published in the Federal Register,
December 23, 1971.

SAMPLING AND ANALYTICAL PROCEDURES

The off gasé?“?}om the lead blast furnace were sampled for par-
ticulates SO,, CO,, 0,, and CO by the methods described in Appendix E and
the Federal Register of August 17, 1971.

The standard procedures as described in the Federal Register
of December 23, 1971, have been followed in reporting data in that only the
absolute filter catch is used to estimate collection efficiencies. The
particulate emission gas was sampled for 6 minutes at each point using points
recommended for a 20 point traverse. A 0.235-inch-diameter probe tip was
used for all particulate emission samples. About 100 cubic feet of stack

gas was sampled during each run.

Particulate weight was obtained by desiccating the filter paper
to constant weight and measuring the increase in weight from the tare. The
probe was washed with acetone and the solution evaporated to a constant

weight.

BATTELLE -— coLumMmBUS
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The SO, samples were taken simultaneously with the particulate
sampled for a period of 1-1/4 hours during which time a gas sample volume
of about 10 ft3 was collected. A 1 ml aliquot of the impinger liquid and
washings was pippetted into an Erlenmmeyer flask and titrated against 0.01

normal barium perchlorate using a thorin indicator.

An Orsat sample was taken from the center of the stack simul-

. taneously with the particulate sample. The sample was drawn into a 2-

ft3 plastic bag over a period of one hour. After flushing the Orsat
with collected sample, a 100-ml volume was taken. It was analyzed as
follows: the volume was 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 decreése measured, and CO was absorbed

with acid cuprous chloride solution and after absorbing any acid vapors

from the cuprous chloridé’solution with potassium hydroxide solution,

the volume decrease was measured. The analysis was repeated using the

same sample.

BATTELLE — COLUMBUS
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A-1
COMPLETE PARTICULATE RESULTS WITH SAMPLE CALCULATIONS

SOURCE TESTING CALCULATION FORMS

Test No. No. Runs 3

Name of Firm Quemetco, Inc.

Location of Plant Industry, Californis

Type of Plant Secondary Lead
Control Equipment _ Baghouse
Sampling Point Locations Stack

Pollutants Sampled Particulate, SOp, Orsat

Time of Particulate Test:

Run No. 1  Date 1/26/72  Begin 10:15 am  End 12:32 pm

Run No. 2 Date _1/26/72  Begin _1:50 pm End _4:02 pm
Run No. 3 Date _1/27/72  Begin _9:43 am ~ End 11:55 am

M -

Run No. T S 2 '3

Pb.barainetric pressure, in. Hg Absolute 29.58 29.63 29.9

Py-orifice pressure droﬁ, in. H0 f 1.83 1.8 1.55

V -volume of dry gas sampled @ meter 95.8 97.2 87.6
conditions, £t

T, average gas meter temperature, F 62.8 65 65

V. - volume of dry gas sampled @ ‘

Mstd. gtandard conditions, ft3, dry 96.38 97.53 88.64
v, total Hy0 collected, impingers 65 60.3 60.5
and silical gel., ml. .

V, - volume of water vapor collected 3.08 2.86 2.87

gas £t3 @ standard conditions(2
Veoral” total gas volume, f£t3 99.46 | 100.39 91.51
Moisture in the stack gas volume, per- 3.1 2.8 3.1
cent
Md-mole fraction of dry gas | 0.97 0.97 0.97




[

-y

PARTICULATE EMISSION DATA (Cont'd

Run No. 1 2 . 3
0, , dry, percent 1.8 1.8 1.8
0y, dry, percent 18.6 18.7. 18.7
co, dry, percent <0.1 0.1 D0.1
N,, dry, percent 79.5 79.4 79.5
MW, - molecular weight of dry 29.03 26.03 729,03
. stack gas _ T T
M W - molecular weight of stack 28.7 . 28.7 28.7
gas '
Tg - stack temperature, F 166 164 =175
:]APs x (T, + 460) 19.759 £20.415 19.389
1’s - stack pressure, in. Hg 29.58 ‘ ‘ 29.63 29.9
absolute ' .
Vg - stack velocity @ stack 2950 3046 . 2879
conditions, fpm - . o :
A, - stack area, in? - 880 880 880
Q_ - stack gas. volume @ standard 4 620 5 :00" 14.200
& conditions,(a) £t3 dry 1 ks o
T¢ - net time of test, min. 120 120 120
D, - sampling nozzle diameter, in. 0.235 S 0.235 & 0.235
Percent I - percent isokinetic N~ 111 108 105
me - particulate; probe, 20.9 ©18.0 20.3
and filter, mg S
m, - particulate; total, mg 82.5 56,2 114.9
C__ - particulate; probe, and '
n : ! ’
a filter, gr/scf, dry 0.0043 0.0028 0.0035
Cao - particulate; total, gr/sci 0.0132 0.0086 0.0200

(a) 70 F, 29.92 in, Hg
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PARTICULATE EMISSION DATA (Cont'd)

1b/ton

Run 1 2 3
C., - particulate; probe and filter,
at . gr/£t3 @ stack conditions 0.0035 0.0023 0.0028
C,, - particulate; total, gr/ft3 0.0107 0.0070 0.0161
@ stack conditions
Cawt ~ ‘{:‘,’;ﬁ‘“l“e‘ probe and filter, 0.5387 0.3702 0.4297
Cax - particulate; total, 1b/hr 1.6520 1.1148 2.4321
C_ - particulate; probe'and filter, , .
1b/ton lead °f2565 0.1763 0.2046
Cpt < particulate; total 1b/ton lead 0.7867 0.5309 1.1581
'Acl§ - lead emission; probe and filter, 0.00090 0.00049 0.00045
gr/sct
C1a - lead cmission; probe and filter, 0.00073 0.00040 0.00037
gr/ft3
Cip - lead emission; probe and filter, 0.1130 -0.0640 0.0553
1b/hr ‘ i
Cie - lead emission; probe and filter, 0.0538 0.0305 0.0263



EXAMPLE PARTICULATE CAI ON

SAMPLE NUMBER 1

Volume of dry gas sampled at standard conditions - 70 F, 29.92 in. Hg, £t3

17.7 x vm (PB + Pm )
v = 13.6

std (Ty + 460)
1.83
| 17.7 (95.8) (29.58 + 13.6)
62.8 + 460
= 96.38 ft3

Volume of water vapor at 70 F and 29.92in. Hg, £t3

v = 0,0474 xV
"gas ¥

e

Vv, = 4.76 x 1072 (65)
gas

= 3.08 ft3

Percent moisture in stack gas

100 x V,,

%2 M .- gas

\') + V
Mgtd Yeas

100 x 3,08
96.6 + 3.08

= 3,1

Mole fraction of dry gas

100 - W
100

100 -~ 3.1
100

= 0.97
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EXAMPLE PARTICUIATE CALCULATIONS (Cont'd)

Average molecular weight of dry stack gas

28

MW, = (COp x 44y + (0, x 100) + (Ny + €0) x 55

100

o (1.8, 44 18.6 79.6 x 28
(1-8x 35 + (186 x J5p) + * 100

Molecular weight of stack gas
MW=M Wd x Md + 18 (1 - Md)
= 29.03 (0.97) + 18 (1 - 0.97)

= 28.7

S

Stack velocity @ stack conditions, fpm

1/2
v, = 4350 x VAP, x (Tg + 460) w

ot 1"

= (4350) x 19.76

= 2950 ppm

Stack gas volume at standard conditions

0.123 x Vs x Ag'x Py x My
s = —— — scfm
(Tg + 460)

0.123 x 2950 (880) 29.58 (0.97)
626

= 14,660 scfm
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9. Sampling velocity,

A6

EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

percent of isokinetic

1032 x (T + 460) x Vmstd
v, x T x Py x Mg X x (D, )2

% =

(1032) (626) (96.38) 2
® 7(2950) (120) (29. 58) (0.97) (0.235)

= 111 percent

10, Percent excess air at sampling point

100 x %4 O
%EAS (5,266 x % N)) - % O,

100 x 18.6
(0.266 x 79.5) - 18.6

= 730 percent

1l. particulate - probe and ffltcr, gr/scf

=
Ca 0.0154 x £
Mg td

- 26.9
= 0.0156 x ge'g

= 0.0043 gr/scf

12. Particulate - total, gr/scf

¢ = 1.54 x 102 (2
ao Vm
std

-2 _82.5

= A
1.54 x 10 96 .38

= 0.0132 gr/scf
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EXAMPIE PARTICULATE CALCUIATIONS (Cont'd)

13. Particulate - probe and filter, grlft3 at stack conditions

172.7xC xP M
an s d

C.t (T, + 460)

_ _17.7 x 0,0043 x 29,58 x 0.97
626

= 00,0035 gr/fta

14, Particulate, total, gr/ff3 at stack conditions

17.7C P M
c = ao 68 _d
au ('1'8 + 460)

17.7 x 0.0132 x 29.6 x 0.97
a 626

= 0,0107 gr/ft3

15, Particulate - probc and filter

: caw = 0,00857 x Can x Qs lb/hr e
= 0.00857 x 0.0043 x 14,600

= 0.5387 1lb/hr
16, Particulate - total, lb/hr

c =8.57x103¢c Q
ax ao . s

= 8.57 x 10-3 x 0.0132 x 14,600

= 1,6520 1lb/hr
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EXAMPLE PARTICUIATE CALCULATIONS (Cont'd)

17. Particulate; probe and filter, 1b/ton lead
c, - Co/R
= 0.5387/2.1
= 0.2565 1b/ton lead

18, Particulate; total 1b/ton lead

Cot = Cax/R

=1.6520/2.1
= (,7867 1lb/ton lead

19. Lead emission; probe and €ilter, gr/scf
M
Vi std

= 3.64
0.0154 x 9€.38

Cis = 0.0154 x

B .
rosae-

0.00090 gr/scf
20, lead emission; probé and filter, gr/scf
cla L 17.7 x Cyg X Ps x My
(T, + 960)

17.7 x 0.0009 x 29.58 x 0.97
626

= 0.00073 gr/scf

21. Lead emission; probe and-filter, 1lb/hr

Gy, = 8.57 x 10~3 x Cie % Qg

= 8.57 x 103 x 0.0009 x 14,600
= 0,1130 1b/hr

22. Lead cmission; probe and filter, 1b/ton lead

C¢ = °1h/ R

t
= 0,1130/2.1
= 0,0538 ib/ton lead
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COMPLETE GASEOUS RESULTS WITH SAMPI.E CALCULATIONS

SOp EMISSION DATA

Run No. . 1 2 3 &

Date (1972) 1/25 1/26 1/26 1/27

T, - average gas meter temperature, F 65 57 57 55

P, - barometric pressure, in. Hg absolut% 29.55 29,66 2‘97.63 29.90

Vg - volume of dry §as sampled at meter 8.42 11.92 12,18 12.32

conditions, ft

Vv,, standard 8.39 ; 12.10 12.36 12.66

Ve - volume barium perchlorate, ml 19.30 56.75 47.00 51.65

Vep - volume barium perchlorate blank, m} 0 0 0 0

N - normality of barium perchlorate 0.01 0.01 0.01 0.01
W,y - Volume SO, soln ml 70 79 9% 93

Vg = volume aliquot, ml 1.0 1.0 1.0 1.0

Cgo, - 1b/£t3 x 1073 11.35 | 26.1 | 25.2 | 26.8

2
°s02 - ppm (dry) 685 1580 1525 | 1620
W - 1b/hr 102 229 230 228
50, , ,
w e —e—t——
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50, EXAMPLE CALCULATTONS

RUN 2

17.7 x V / PBAR

1. Vggeq ™ \%+4®
17.7 x 11.92 (517 )
= 12.10 £e3
b gy T T ) )
' Vmg eq Va

L 1.05 x 10-5 x 56.75 x 0.01 x 79
12.10 x 1.0

- 26.1 x 10°5 1b/ft3

3. Cgo, PP = 6.05 x 106 x %50,

= 6.05 x 106 x 26.1 x 10°3 "
= 1580 ppm

4, wsoz = Csoz x QS = 60
= 26.1 x 14,600 x 60

- = 229 1b/hr

/53



APPENDIX C

PRELIMINARY FIELD DATA

STACK GEOMETRY

Plant Quemetco, Inc., Industry, California

Test No. _1

Location Baghouse outlet

Date 1/26/72

Wall thickness, in. _1/4
Insidé diameter of stack _33.5 in.

Stack area —1— (33.5)2 = 880 in?
6.1 £t

fercent-Digmeter for Distance from Outside of
Point Circular Stack Sample Port, in.
2.5 7/8
2 s;éhw# 2-3/4
3 14.6 4-7/8
4 22.6 7-5/8
5 3.2 11-3/4
6 65.8 Zé
7 77.4 26
8 85.4 28-1/2
9 91.8 30-3/4
10 97.5 32-5/8
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VELOCITY TRAVERSE FIELD DATA

Plant Quemetco, Inc., Industry, California

Test Preliminary velocity traverse

Date 1/26/72

Operg tor Paul R. Webb

Meter AH 1.84

(1)
Point P. in., Hp0

1 0.4
aw? 0.5
3 0.6
4 0.6
5 0.75
6 0.65
7 0.7

8 ' 0.6 -
9 0.6
10 0.5

(1) AP, in. H O Average 0.59.
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PARTICULATE CLEANUP SHEET

Plant Quemetco, Inc., Industry, California

Operators P.R. Webb, H. Leonard

Run No. 1 2 3
Impinger water volume, ml
Final - 247 248 247
Initial 200 200 200
Collected 47 48 47
Drierite, weight, gm
Final 531.7 487.3 488.5
Initial 513.7 475.0 475.0
G.in IS.U . Is's
.
~ Total moisture, gm plus ml 65.0 60.3 60.5
Probe, #cetone wash residue, mg(a) S.h4 3.7 4.9
Filter weight, mg
Final s 317.5 311.9 308.2
Tare o 296.0 297.6 292.8
Gain ' 215 2.3 .
Total particulate weight, probe o
residue and filter, mg 26.9 18.0 _ég20.3
Weight residue from chloroform- -
ether extract, mg i
Impinger water 36.5 17.5 35.8
Impinger wash water 2.6 2.0 2.b
Total 39.1 19.5 38.2
Weight resigue from aqueous
phase, mg
Impinger water ' 10.5 12.7 47.2
Impinger wash water . 3.3 6.7 3.6
Total 13.8  19.4  50.8
Weight resjdue from acetone
wash, mg 2.7 7.3 5.6
Total, back half residue, mg ' 55.6 36.2 94.6
Total, front half plus back
half, mg 82.5 54.2 114.9

(a) Water and acetone blank subtracted; water blank
acetone blank

0.005 mg/ml,
0.011 mg/ml.
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C-10

GAS SAMPLING FIELD DATA

Date 1/25/72 Plant Quemetco, Industry, Calif.
Material Sampled for SOy Comments: Gas meter reads 1% low.
— Recovered 70 ml.
Barometric Pressure 29.57 in. Hg Titration
Ambient Temperature 61 F Aliquot, Titer,
Run Number 1 t;':lo nl%.l;o 0.01N Ba(C10,),
Power Stat Setting Heated 1.0 19.20
Filter Used: YES _X No __ Blank 7 °
Operator W.C. Baytos, G.W. Keigley
Clock - Meter -Flow Meter _Meter Temperature,
Time (£t3) _Setting (CFH) F
2:25 pm 0.0 ' 67
2:40 pm 0.55 6.0 66
2:45 pm 0.96 66
2:50 pm 1.48 65.5
- 2:55 pm 2,09 - 6.0 65.5
3:00 pm 2.49 65.5
3:05 pm 2.94 65.5
3:10 pm 3.93 -— 65.5
3:15 pm 3.93 65.5
3:20 pm 4.93 6.2 »-65.5
3:25 pm 4,9 ’ 65.7
3:30 pm 5.45 65.5
3:35 pm 6.07 6.2 : 66
3:40 pm 6.60 6.0 66
3:45 pm 7.06 66.5
3:50 pm _ 7.49 , 67.0
3:56 pm 8.05 6.0 67.0
4:00 pm 8.34 . 67.0
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C-11

CAS SAMPLING FIELD DATA

.Dgte 1/26/72 Plant Quemetco Inc, Industry, !;a!if,
Material Sampled for s°2 Comments ¢

Barometric Pressure 29.67 in. Hg

Recovered 79 ml

Ambient Temperature 53 F Titration
Run Number _2 A_t%ﬁpgs. _T%g_r_ 0.01N Ba(C10,), .
Power Stat Setting Heated 1.0 5‘2.90
Filter Used: Yes _ X No __ b}.;gk 56670
Operator _W. C. Baytos, G. W. Keigley
Clock Meter Flow Meter Meter Temperature,
Time (£t3) Setting (CFH) e
9:50 am 0 S5
9:55 am_ 0,38 ) 54
10:00 am 0,77 5,9 56
10:05 am .. 1.23 6.l 56
10:10 am __ 1579 6.5 56
10:15 am 2.28 | 6.3 57
- 10:20 am 2.81 6.3 57
10:25 am 3.33 6.3 58
10:30 am .3.96 6.4 58
10:30 am 4,57 6.3 .- 58
10:42 am 5.20 6.3 59
10:45 am 5.60 6.4 59
10:50 am 6.30 58
10:55 am 6.52 6.1 57
11:00 am 6.95 6.2 57
11:05 am 7.41 58
11:10 am 7.82 6.3 58
11:30 am 8.39 6.1 59
11:40 am 8.88 6.0 58
__11:45 em 9,35 6.1 57
11:50 am 9.85 57
11:55 am *10.4 0.0 56
12:00 Noon 10,85 6.0 57
12:05 pm 11.32 6.0 57
1210 pm 11.80 6.2 58
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GAS SAMPLING FIELD DATA

Date 1/26/72 Plant Quemetco, Industry, Calif.

Material Sampled for _ESZ_ Comments: Recovered 94 ml
Barometric Pressure 29,63 in. Hg Titration
Ambient Temperature 54 F Aliquot Titer
P ml ml  0,0IN Ba(Cl0,),
Run Number _3 1 47.00°
Power Stat Setting Heated : 1 46 .90
Blank 0

Filter Used: Yes _ X No
Operator __W. C. Baytos, G. W. Keigley

Clock Meter ~ Flow Meter Meter Temperature,
Time (££3) Setting (CFH) F
1:15 pm 0 "0 57
1:20 pm 0.47 6.0 _ 57
1:25 pm 0.96 6.0 . 58
1:30 pm 1.46 6.2 58
1:35 pm 1.95 6.1 58
1:40 pm 2.45 - 6.2 58
1:45 pm 2,95 6.0 58
1:52 pm 3.65 6.1 58
1:55 pm 3.9 6.0 58
2:00 pm 445 6.2 , 58
2:05 pm 4.95 6.2 . S8
2:10 pm 5.47 6.3 58
2215 pm 5,97 6,3 58
2320 pm_ 6,49 6.2 58
2:25 pm__ 7,00 6.2 58
2:30 pm 7.59 6.2 58
_2:35 pm 8.00 o 6.2 59
_ 2:40 pm 8.50 6.2 59
2:45 pm 9,00 . 6.2 59
3:10 pm 9,50 6.1 57
3:15 pm 10.0 6.2 56
3:20 pm 10,5 6.1 57
3:25 pn____ 11.1 6.1 57
3:30 pm 11.58 6.1 57

3:35 pm 12.06 6.1 57
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GAS SAMPLING FIEID DATA

Vo roimy

[ Y

Date 1/27/72 Plant q uemetco Inc. Industry Calif.
ﬁaterial Sampled for _f_o_z_ Comments: Recovered 93 ml
' Barometric Pressure _29.90 in. Hg Titration
Ambient Temperature 5% F Aliquot Titer O0.0IN Ba(Cl10,)
Run Number _&_ ml ml 4’2
Power Stat Setting _Heated ' i:gg gi:g
Filter Used: Yes X No ____ Blank 0
Operator W. C. Baytos, G, W, Keigley
Clock Meter Flow Meter Meter Temperature,
Time (££3) Setting (CFH) F
09.25 AM 0 51
09:30 AM 0.58 6.1 52
09:35 AM 1,07 6.3 52
09:40 AM 1.55 6.2 52
09:45 AM 2,24 6.2 53
09:50 AM 2.53 6.2 53
09:55 AM 3.02 6.2 54
10:00 AM 3.60 6.2 55
10:05 AM 3.90 6.2 56
10:10 AM 4.40 6.3 56
10:15 AM 4.90 6.3 57
10:20 AM 5.40 6.2 58
10:25 AM 6.00 6.3 58
10:30 AM 6.50 6.4 60
10:35 AM 6.99 . 6.3 61
11:00 AM 7.68 6.3 64
11:05 AM 8,18 6,2 64
11:10 AM 8.68 6,2 64
11:15 AM 9.25 6.2 64
11:20 AM 9.80 6.2 64
11:25 AM 10,02 6.2 63
11:30 AM 10,69 6.3 63
11:35 AM 11.19 6.3 62
11:40 AM 11,70 6.2 61
11:45 AM 12,20 6.2 61
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C-14

ORSAT GAS COMPOSITION

Plant Quemetco, Inc. Industry, California

COZ’ ‘02, co, Nz,
Run Date Time Percent Percent Percent Percent
1 1/26/72 11:00 AM 2.0 18.5 0 79.5
1.6 18.8 0 79.6
2 1/26/72 2:30 PM 1.9 18.6 0 79.5
1.6 18.8 0 79.6
3 1/27/72 10:30 AM 2.0 ~ 18.8 0 79.2
} 1.8 18.6 0 79.6
1.7 18.8 0 79.5
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" APPENDIX D

STANDARD SAMPLING PROCEDURES



APPENDIX D

STANDARD SAMPLING PROCEDURES

The sampling procedures, as described in the December 23, 1972
issue of the Federal Register, reproduced as part of the Appendix, have
been used as a reference for the source emission test conducted at

Quemetco, Inc., Industry, California,

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 for isokin-
etic 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 fBr particulate collection was desiccated for

24 hours and the tare weight 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 im-
pingers. The sample train was then assembled and leak checked to within

the specified tolerences.

During the sampling period, isokinetic flow was maintained by
ad justing the sampling flow rate to compensate for stack 4p and temperature
variations. Appendix C is a record of the field data for the three tests

completed at Quemetco, Inc.

After the completion of each test and the recording of the appro-
priate field data, the sampling train was removed from the sampling plat-
form 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
rinsed 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 drierite 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 in-~
cluding 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 rinséd with reagent-grade acetone and the acetone rinse
poured into a precleaned screw-cap:glass container. These three solutions
were then 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 glﬁssware 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. It must be noted that due to
relatively high blank values, emission factors may have been reduced by as

much as 10 percent.
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+ $33 Yor rectangular stacks divide the
¢cross section into as many equal rectangular
areas as troverse points, such that the natio
of the length to the width of the elemental
areas is between one and two. Locste the
traverse points at the centroid of each equal
area according to Figure 1-3.

3. References. -

Determining Dust Concentration In & Css
Stream, ASME Performance Test Code $37,
New York, N.Y,, 1857,

Devorkin, Howard, et al., Air Pollution
Source Testing Manusl, Alr Pollution Control
District, 1Los Angeles, Callf. November 1063.

3Methods for Determination of Velocity,

- VYolume, Dust and Mist Content of Cases,
Western Precipitation Division of Joy Manue
facturing Co., Los Mgelu Callf, Bulletin

1908.

Standard Method for &mpllng Buckc for
Particulate Matter, In: 1971 Book of ASTM
Standards, Part 23, Philadelphia, Pa. 1971,
ASTM Designation D-2028~71.

MITTHOD a—u'ruunumﬁ OF STACK 0as
VILOCITY AND VOLUMETRIC FLOW RATE (TYPE
8 FITOT TUBE) .

L Principls end spplicability. -

313 Principle. Stack gas velocity is deter-
mined from the gas density and from meas-
ursment of the velocity head using & Type B
(Stauscheibe or reverse typs) pitot tube,

33 Applicadllity. This method showd be
spplied only when specified by the test pro-

‘e

] .
. . s
e .

RULES AND REGULATIONS -

cedures for detormining compliance '.ltil the
New Sowrce Performance Standards,

3. Apparatus,

23 Pitot tube-—Type 8 (Figure 3-1), OF
equivalent, with & coefictent within 8%
over Lthe working range.

23 - Differential pressure gauge—Inclined
manomeier, or equivalent, to mecasure veloe
city hend to within 10% of the minimum
value,

23 Temperature gauge-—Thermdoouple oF
equivalent attached to the pitot tube 0
measure stack temperature to within 1.6% of
the minimum absolute stack temperature,

24 Pressure gauge—Mercury-filled U-tude
manometer, or cquivalent, 10 measure stack
pressuro to within 0.1 in. Mg.

25 Barometer—To measure atmospheric
pressure to within 0.1 in, Hg,

268 Gasanalyzer—TO analyze gas compost=
tion for determining molecular weight.

2.7 Pitot tube-Standard '.,po. to all-
brate Type 8 pitot tube. X

3. Procedure, . .

85 Bet up the uppan.tns as shown in Fig-
ure 3-1. Make sure all connections are tight

M lesk free. Measure the velocity head and
temperature at the traverse points specified
by Method L.

$2 Messure the static pressurs in the
stack, . : :

$3 Determine the stack gus molecular
weight by ges analysis and appropriate cal-
culations as indicated in Method 3.

T 7 .l - PIPECOUPLING  TUBING ADAPTER
 a— Y . Tl
5-- 3 § - L .
© TwEsPior ruae/ . .
. L

3

;_'Flgure 2-1. Pltot tube-manometer assembly.

BENER AL BREF/ICYEPR VYUNS

MANO METER" .

- ®

* . .
: ) e KT )
s . = ." ¢ . - hd h :
* . . . P . s o
. .. "' P L *
L . e o~ o ° .
‘e -y I3 - M .
., . L., ,.: .
- . .
i * L] ‘ * £ . - .
. o o -
. *. . o3 A - b ".
- . « . . *
& . - v L)
A ) . d . .

.

i. Calidretion, - T e

41 To calfbrate the pitot tube, measure
the velocity head at some point In a flowing
£33 ttream with both a Type 8 pitot tude and
& standard type pitot tude with known co«
efficient. Callbration should be done in the
Iaboratory and the velocity of the flowing gus
stream should be varied over the normal
working sange. It is recommended that the
e’a&bnuon be repeated after uso at cach fleld
. .

42 Calculate the puot tube  coclliclent
using equ.tlon 2-1. .

€y =G, 1[49_-_ '
Stent ey APt Cquation 2-1

'23:“ Pitot tube £
=Pitot tube coeficlent of Type 8
T pitot tube.
C», o =Pitot tuds coeflicient of standard
t?: pitot tudbe (if unknown, use

).
Apesaz= Velocity hesd measured by stand.
ard type pitot tube,
8ptess== Velocity head measured by Type 8
pitot tube. .
43 Compare the coefiicients of the Type 8
pilot tude determined first with one leg and
then the other pointed downstream. Uss the
pitot tube only if the twe coefficicnts diffed by
R0 more than 0,01,
8. Calculations. ‘
Use equation 2-2 to eueuhto the stack gas
velocity,

(V.).-..-K.C.(\’A_I;)mf‘/ {

Eqmﬂon -2
where:
(Vv »Black gus velocity, foet pu‘ucond {.ps).
&-uu%&mﬁ'pi)“yhm {bessunits
- [ |
aa.ﬁf-f{«.ﬁ”ﬁ&“ﬂﬂ'?&:‘?&“ﬂmm

eAY wvelocity head of stack foches
" AVap) eve. srace velocity bes g,

) 1]
P.-Auo'am stac m {aches Hg.
Me=Aolecutar weight of stack gu (wet besis),

-B,
} TAS o +euht of stack gus (trom

B wol { water
..-P!&v‘onh:“t:y.- a?:l“ wa ouporu .

!I‘uto 3-2 shows a sample recording-sheet
for velocity traverse data. Use the averages
in the Jast two columns of Figure 2-3 to de«
‘termine the average stack gas velocity from
Xquation 2-3,

Uss Equation 3-3 to calculats the steack

ges volumetric flow rate.
- ) Tull
Qu=3600 (1-Bo) Vo(prs) (v
e ~ Equatien 2-3

Q,-Voinn;'etde nl::v rate, dry basts, lundud cond}

A=Cross-sectional ares of stack, f3.0
‘l'.u-Awuu temperstuse sl siandard conditions,

Pous=Absolute e st standard couditions, 29.52
Lo preem
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* Mark, L. 8, Meeh:n!en !:nglneen‘ Hend-
: book. McCOraw-11ill Dook Co, Inc, Now York,

N.Y., 1951,

‘Perry, J. H., Chemieal Engineers’ Hand-
Pook, McGraw-Hill Book Co,, Inc., Ncw York,

- .
- -

T plln Mmmmonh Paper presented at the

Annual Meeting of the Alr Pollution Control
Associstion, 8t. Louls, Mo., June 14-19, 1970,

Btandard Method for Bunpllng Stacks for
Puarticulats Matter, In: 1071 Book of ASTM
Standards, Part 23, Philadelphla, Pa, 1971,
ASTM Desigonation D-2028-71.

-N-Y. 1960. Vennard, J. K., Elementary Fluid Mechan-
Shigehars, R. T., W. F, Todd, md W. B, {cs, John Wuey & Bons, Inc, New York, N.Y,
Bmith, Significance of Ervors In ‘Btack Sam- 1047, . .-
X X - o, - . .\. ..
" PLANT, - . .
DATE
. RUN NO. : P .. .
STACK DIAMETER, in, . A .
BAROMETRIC PRESSURE, in. Hg, N
$TATIC ﬂtessunz IN STACK (P ). in. Hg.
WEMTORS a - SCHEMATIC OF STACK
- . CROSS SECTION
. A ) ) ) . -
. ‘. . R - . 2 . L
. o . i:‘:r
~ | TYraverse point Velocity head, Stack Temperature
: aumber in. H,0 VA, (5)°F
I e
L] -
-_—T
’
AVERAGE:

Flgyro 2-2, Vcleclly lraverse data,

.

. : o
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MTTIOD 3—CAS ANALYSIS FOR CARBON DIOXIDE,
SCESS AIR, AND DRY MOLECULAR WEICHT

. Principle ond applicabiiity.

1.1 Principle. An fntegrated or grad gas
sample 18 cxtracted from » sampling point
and analyzed for its components using An
Orsat aralyzer. *

12 Applicability. This method should be
sppiied only when specified by the test pro-
cedures for determining compliance with the
New Source Performance Standards. The test
procedure will indicate whether a grab sam-
ple or an {ntegrated sample is to be used.

3. Apparatus.

2.1 _Grabsample (Figure 3-1). .

2.1.1 Probe—Stainless steel or Pyrex?
glass, equipped with & filter to remove partic-
ulate matter. )

212 Pump—One-way squeeze buld, or
equivaient, to transport gas sample to
analyzer,

e
3 Trade name.

-

Ny
f

. .

Flgmal-f.bﬁ'uli-sampllng taln, R

RIGID CONTAINE

S :
, Flgure 32, Integrated ga;‘ -_sampling lra.lp.

I
RULES AND REGULATIONS

242 Integrated sample (Figure 3-2).

34.1 Probe—Stainless steel or Pyrex?
glass, equipped with & filter t0 remoOvo par-
ticulate matter.

222 Alr-cooled condenser or equivalent—
T'o remoOvO ANY ¢Xcess molsture,

223 Needls valve—To adjust flow rate.

224 Pump—Lecak-frce, dlsphragm type,
or equivalent, to pull gas.

225 Rate meter—To measure & fow
renge from 0 to 0.035 cfm.

926 Flexible bag—Tedlar}! or equivalent,
with & eapacity of 2 to 3 cu. It. Leak test the
bag i the laboratory before using. -

237 Pitot tube—Type S, or equivalent,
attachied to the probe so that the sampling
flow zate can be regulated proportional to
the stack gas velocity when velocity is vary-
is

ing with time or & sample traverse
conducted.. .

23 Analysis.

231 Orsat analyzer, or equivalent.
FLEKIBLE TUBING .

swzgzswu

. .
- e
¢ o, .

OIS
A

8"

.. o
- ..
R A R
o
C g e =

0.264(% Na)— (% 05) +0.5(% CO)

8«2 to calculate

8. Procedure.

3.1 Gradb sampling.

3.1.1 Set up the equipment s shown in
Figure 3-1, makxing sure all connections are
leak-free. Place the probe in the stack at &
sampling point and purge the sampling line.

3.13 Draw sample into the analyzer.

3.2 Integrated sampling.

32.1 Evacuate the flexible bag. Set up the
equipment as shown In Figure 3-2 with the
bag disconnected. Place the probe in the
stack and purge the sampling 1ine. Connect
the bag. making sure that all connections are
tight and that there are no leaks,

$232 Sample ot a rate proportional to the
stack velocity.

3.3 Analysis.

331 Delermine the CO.. O,, and CO con-
ecentrations as soon as pasaible. Make as many

as are necossary to give constant read-
ings. If more than ten passes are necessary,
zeplace the absorbing solution.
. $33 For grad sampling, repeat the sam-
pling and analysis untll three consecutive
samples vary no more than 0.5 percent by
volume for each component being analyzed.
$33 For integrated sampling, repeat the
analysis of the sample until three consecu-
tive analyses vary no more than 0.2 percent
by volume for each component Dbeing

analysed.

4. Calculations.

43 Carbon dioxide, Average the three con-
secutive runs and report the result to the
pesrest 0.1% CO,.

43 Fxoess air, Use Equation 3-1 to caleu-

.1ate excess air, and average the runs. Report

the result to the nearest 0.1% exoess alr.

.%EA-

. (% 0:) —0.5(% CO X100

equation 3-1
gli:Perc;eﬁt excess air. -

%0,=Percent oxygen by volume, dry basts.
&N, =Percent nitrogen by volume, dry

%00 =Percent carbon monoxide by “vole

- ume, dry basis. i
9364=Ratlo of oxygen to nitrogen {n alr
by votume.
43 Dry molecular weight. Use Equstion
dry molecular weight and
average the runs. Report the result to the
nearest tenth.

‘H‘::OA(( % CO,) +032(%0,)

+038( SN, + % CO}
equation 3-2
where:
Me=Dry molecular weight, 1b./1b-mole.
% CO ~=Percent carbon dioxide by volume, .
dry basis.

ﬁo,-h;:e.nt oxygen by volume, dary
is.
& NmPercent nitrogen dy ‘volume, 4ry
. basls.
0.44=Miolecular weight of carbon dioxide
divided by 100.
032=Molecular weight of oxygen divided

by 100. - .
028=Molecular weight of nitrogen snd
€O divided by 100

ceneir BEAICTES VOL 14 NO. 247—THURSDAY, DECEMBER 2J, 1122 B *
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43 Oea volumé, *

. R
e

. .
[ J

VouVe (%’—-:,)('—‘.—}: .

1. Tn.—xh_z(%) equation 4-2

where:
Ve =Dry gas volume through meter &t
. standard conditions, €. ft.
Y =Dry gas volumse measured by meter,

e
Pe =Barometric pressure at the dry gus
- meter, inches Eg.

Pera=Pressure st standard conditions, 2093
inches Hg. .

Tuu=Absolute tempersture at standard

. conditions, 830° R.

ipe f=Absolute temperature at meter (‘P4
460),.°R. .

'43 . Molsture content,

equation 4-3

where: * -

Beox=Proportion by volume of water vapoe
in the gas stream, dimensioniess,

Voo =Volume ©0f water vapor collected
(standard

Yae =Dry gss volume )
standard conditions), e ft.
PBenc=Approzimate volumetric propostion
. of water ¥apor in the g3 stream
1saving the impingers, 0025.. -

8. References. ’

Alr Pollution Engineering Manual, Danlele
eon, J. A. (ed.), US. DHEW, PHS, Nation
Center for Alr Pollution Oontrol, Cincinnaty,
Ohto, PES Publication No. 900-AP-40, 1967,

Pevorkin, Howard, et al, Atr Pollution
Source Testing Manusl, Alr Pollution Cone
trol District, Los .A.n;olu. Oalif., November

1068. -
Methods for Determins

volume, Dust and 30st Content of Casss,

Western Precipitation Division of Joy Manue

facturing Co. Los Angeles, Calif, Bullstin

WR-50, 1968, . .

MeTHOD

Eumissions Feox STATIONARY SOUACES -

end epplicadility.

11 Principle. Particulate matier 1s withe
drawn isokinetically from the source and its
weight is determined
moval of uncombined water.

13 Applicadblilty. This msthod is spplice~
Ble for the determination of particulate emise
sions from stationary sources only when
specified Dy the test procedures for determine
ing compliance with New Source Perform-
ance Standards,

8. Apparatus. .

21 Sampling trsin. The design speciiica-
tions of the particulate sampling train used
by FF'A {Figure $-1) are described in APTD~
L tisaunerclal models of this train are
nvallalie.

213 Nozzle—Stainless steel _{316) with
sharp, tapered leading edge.

213 Pyrexs glass with » hesting
system capable of malntaining a minimum
gas temperature of 250° F. at the exit end
during sampling to prevent condensation
from occurring. When length limitations
{creater than about 8 f2.) src encountcred at
temperatures less than G00® P., Incoloy 8253,
or equivalent, may be used. Probes for same
pling gas streams at temperatures in excess
of 600° F. must have been approved by the
Administrator. °

. RULES AND REGULATIONS

tion of Velocity, -

3ATION OF PARTICULATS

gravimetrically after re- *

‘e
© 934 Fiter -Holder—Pyrext glase with
Deating systom capable of maintaining miole
smum temperature of 326°

215 Impingers/ Condenser—Four Impin-
gers connccled in series with giase ball joint
fAtuings. The first, third, and fourth jmpine
gers are of the Greenburg-Smith design,
modified by replacing the tip with a %-inch
ID glass tude extending to one-half ineh
grom the bottom of the flask. The second ime-
pinger 18 of the Greenburg-Smith design
with the standard tip. A condenser may be
used in place of the impingers provided that
the molsture cootent of the stack gas can
still be determined.

2318 Metering system—Vacuum gauge,
Seak-fres pump, thermometers cspable of
messuring tempersture {0 within 5° F., dry
gas meter with 3% socurscy, and relsted

-

231 Probe brush—At Jeaat os Jong &8
prode.

233 Olass wash botties—Two.

223 Olnss sample storage containers,

234 Oraduated cylinder—3250 ml,

33 Analysis
231 Olass weighing diahes £ o
2332 Deslccator, .
233 Analytical balance—To measure {0

201 mg. .

234 Trip balance—300 g. eapacity, to
measure to =005 g,

3. Reagents.

3.1 Sampling. L
- 314 Filters—GOlass fiber, 3SA 1108 BHS,
or equivalent, numbered for identification
and preweighed.

3.13 Stllca g1—Indicating type, 6-16
mesh, dried at 376° C. (350° P.) for 3 hours.

equipment, or equivalent, a3 required to 313 Water.
maintain an isokinetic sampling rate and o 314 Crushod ica
determine sample volume, 32 Sample rocovery. .
- 239 Baromster—To measure atmoéspheric 3331 Acstone—Resgent grade.
pressure to 0.1 inches Hg, ¢ 33 Analysis. . R
23 Sample recovery. . 331 Water.
SRR L e : WPIRGER TRAIN OPTIONAL. WAY BE REPLACED
. BY AN EQUIVALENT CONDENSER
. MEATED AREA FILTERHOLDER | THEWSOMETER ~ CHECK .
. . . VALVE
A ‘--—--- -— - ’_.'—‘ .
o, 4 3 rant S .
..J v alv‘l-‘l.)
W e W e W SVACLM
INPINGERS 1CE BATH o
() () BY-PASS, VALVE -
ra V4 T 9
v. » e A A g “
. VACUUM
GAUGE
MAIN VALVE °

333 Desiceant—Drlerite! indicating.
4. Procedurs. - .
41 Sampling
431 After selecting the sampling siteand
the minimum number of sampling points,
datermine the stack ure, temperature,
motsture, and range of velocity hesd.

413 Preparstion of collection train.
‘Welgh to the nesrest gram spproximately 200
g. of silica gel. Label a filiter of proper diam-
eter, desiccated for at Jeast 24 hours and
welgh to the nearest 0.3 mg. in & room where
the relative humidity is less than 50%. Place
300 ml. of water in esch of the first two
impingers, leave the third impinger empty,
and piace approximately 200 g. of preweighcd
silica gel 1o the fourth impinger. Set up the
train without the probe &8 tn Figure 5-1.
Lesk chock the sampling traln at the same
plUDg sito by, plugging up the iniet to the AAl-
ter holder and pulling & 15 in. Hg vacuum. A
feakage sate not 1D excess ot 0.03 cfx. at
vacuum of 15 in. Hg I8 scceptable. Attach
the probe and adjust the heater to provide &

gas temperature o1 about 250° F. at the probs
213 Pitot tube—Type 8, or equivalent, outlet. Turp on the fiter heating system.
:u‘.:‘l?;t to prove to monitor stack gas Place crushed ico around the impingers. Ada
(4 e . . . e ——— . .' .
Srm———— e m -.‘, . s Tynde DAaMA. . *
S Trade nama, ot : *Dry using Dricritet at 70° P.£10° P,
T . . FEDERAL RECISTER, VOL 36, NO. 247—1HURSDAY,
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Figure 5-1. Particulate-sainpling trafn. -

more jee during the run to keep the tempere
ature of the gases leaving the last impinger
as Jow as possible and preferadly at 70° P
or Jess. Temperatures above 70° ¥, may result
in damage to the dry gas meter from either
motsture condensation of excessive heat,
413 Particulate traln operation. For cach
rup, record the dats gequired on the example
sheet shown in Figure 5-2, Take readings at
each sampling point, at jeast every § minutes,
and when significant changes in stack con-
ditions neccssitate additional sdjustments
in fow rate. To begln sampling, position the
nozzle at the first traverss point with the
tip polnting directly into the gas stream.
immediately start the pump and adjust the
flow to lsckinetic conditions. sample for at
jeast 5 minutas at each traverse point; sam-
pling time must be the same for csch point.
Maintatn isokinetie sampling throughout the
sampling perlod. Nomographs a6 avajlable
which sid in the rapld sdjustinent of the
sampling reto without other computations.
APTD-0576 dctalls the procedure for using
these nomographs. Twn off the pump at the
conclusion cf each run and reeord the final
roadings. Remove the.probe and nozzle from
the stack and handie in aceordance with the
sample recovery process described 1n section
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43 BSample recovery. Exercise care in mov- conutur No. 3. Weigh the lpent silica gol

ing the collection train Yrom the test site to
the sample recovery area to minimize the
loss of collected sample or -the gain of
extraneous particulate matter. Set aside a
portton of the scetons used In the sample
recovery as a blank for analysis. Measure the
volume of water from the first three im-
pingers, then discard. Place the samples in
contatoers as follows:

and report to the nearest gram.

8. Calibretion.

Use methods and equipment which have
been approved by the Administrator to
calibrate the orifice meter, pitot tube, ary
gas meter, and probe heater. Recalibrate
after each test series,

8. Caleulationas.

€1 Average dry gas meter temperaturs

Comtainer No. 1. Remove the filter from-~ and average orifice pressure drop. See data

ita bolder, place in this contalner, and sesal.

Conmtainer No. 2. Place looss particulate
matter and acetone wushings from all
sample-exposed surfaces prior to the filter
in this container and seal. Use & razor blade,
brush, or rubber policemnan to lose adhering
particles.

Conmtainer No. 3. Transfer the silica gel
from the fourth impinger to the original con-
tainer and sexl. Use a rubber policeman as
sn aid in semoving sllica gel from the
iﬂpllltef

Analysis. Record the data required on
tho example sheet shown in Figure B5-3.
Handle each sample container as follows:

Comtainer No, 1. Transfer the filter and
any Joose particulate matter from the sample
contatner to a tared glass weighing dish,
desiocate, and dry to a constant welght, Re-

-pott results to the nearest 0.5 mg.

Container No. 2. Transfer the scstone
washings to a tared beaker and evaporate to
dryness at ambient temperature and pres-
sure. Desiccate and dry to a constant weight,
Report results to the nearest 0.5 mg.

»
A

. FEDERAL REGISTER, VOL. 36, NO.

_sheet (Figure 5-2)1

8,3 Dry gas volume. Oorrect the sample
'o!umo measured by the dry gas meter to
standard conditions (70' F., 29.92 inches Hg)
by uung Equation 5-1.

Vo= Va( (m)-

equation 51
where:

. Vm, o= Volume of gas sample through the
dry gas meter (standard condie
tions), cu. ft.

Va= Volume of gas sample through the
dry gas meter (metcr condi-
tions), cu. ft.

T.a=Absolute temperature at standard
conditions, 530° R.

- -

o -‘m.go dry gss meter tomponiu;o.

P -Mm&ﬂo pressure at tbc
i meter, inches Xg. oriice
AR Aversgoe pressuro drop ocmu the
orifice meter, inches H,O,
319.8== Bpecific gravity of mereury.
Py~ Absolute pressure st standard con-
ditions, 2092 ioches Hg.

€3 YVolume of water vapor.

vv.l‘-vlv( ’..’:o ) RT"‘
(o.om w-tYve,

equation 5-2

* where:

(17.71 r..—)v.(l,"""13 °) |

247—THURSDAY, DECEMBER 23, 1971

Vv, Volume of water vapor 1o the gas
sample (standard conditions),

cu. 1.
v..-'rom volume of llqu!d collected 1
unpl.ngen and silica gel (seo Fige
ure 5-3), ml
smo=Density of vnm. 1 g/ml,
Muo=Aolecular welght of water, 18 1b/
\ 1b.mole.
~ Renldesl gas oonstant, 2183 finchea
Eg—cu. ft/1b-mole-*R.
‘l',..-Absoluu umpeutu.ro st stands-
- econditions, 30° R.
P, Absolute pressuse st standar!
ditions, 2092 inches Hg.

84 Molsture content.

- ?.u"' Yatd
equation 5—3

Bue -Propoulon by volume of water vapor in the gas

V'..-Volumo ot water 1o the gas sample (standasd
conditions), cu. ft.

Va,u=Volume of 1e through th s mel
AR e et
€5 Total particulate weight. Determine
the total particulate catch from the sum of
the weights on the ansiysis data sheet

(Figurs 5-3).
6.6 Concentration.
6.6.1 Concentrationin gr./scl.
M.
. ey (0.015 ( )
. oquatlon -4
where: Lo

(.-Concnquuhuon of pu.t‘l.e'umo matier lo stack
M= THtal Sapuat 'of wucuhu matter colected,

v‘u-Volum of sample through a9 meter
udne'ondu&u), ¢ dq ¢
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ok PLANT . o
. LT DATE Do
‘- - . - - .
_ - . m" No, M hd : " K
- . - L] - . .. . o - . . .. -
- .- } . . . . [ Y . . .
.- S WEIGHT OF PARTICULATE COLLECTED,
CONTAINER ; "9 :
NUMBER - )
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
-’ ‘ L3 -
2 "
* TO0TAL
) ) ] VOLUME OF L1QUID .
WATER COLLECTED
IMPINGER SILICA GEL
R VOLUME, ;3] = WEIGHT.~
: "ol .
| e ‘
) FINAL .
INITIAL
"1 UOUID COLLECTED s "
JOTAL VOLUME COLLECTED | - N o m

CONVERT WEIGHT OF WATER TO VOLWE 8Y DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER. (1

INCREASE g

-
-

Figure5-3. Analytical data.’

683 Concentration in Ib/eu. It

1
. .‘._(453,600 mg

g i}

0 o/nl)

]

where

e, =Coneentration of particulate matter in stack
besia,

, 4oy
cu,een-)ﬁ?s’u.'w 4

rY -
b

"od

| Vi lomo)R |V, | " am

g D0l g e (Potizg ] L.
M Ta K

Lot "o ( 13 6) 1100

: oV, PA,

67 . Isokinetlc varl

-
-

«2.205X 10'-"—,‘1'-
. mad

min. in. Jig-cu. ft. Ve a

_(1.001 mie)[ (o-00207 ™G Vieby 2 (Pt iy

- N N V. PA, .

S
: . S :" e

-

e &
P P X
.

l-:;;ullonH ' Trade na e .

= VOLUME WATER, m}

- . e -
= Tereent of troklaetic sempling. * :
Vi = Total velume of liquid cotlectod In tmaplingers
ond sitiea gel (See Fig. 5-3), ;b
n.o-DeMlly of water, ) g./mL
Re=ldenl gas eonstant, 2133 inches Tig-ca. RAL.

mole-" K.
nye=Mulccutar weight of water, 18 TbAb.~mele.
Vo= Volume of gos 231 th hthe *
= Velume ofgas sample thronsh the dry gus mater
TouAhsolute averaze dry gas meter temperstuse
(sco Firure 3-7), °R.
rw-nul:moun preasure st sampling site, faches
All=Average pressure dv:g scross the eriBes (see
T -Al!:l'u.\?)-'v’:«‘.lg :Lci g3 temperature (ses
e+, R .
._#=Totn! sampling time, min. .
V,=8tack gas velocity esiculated by Method &,
Equution 2-2, ft.5ee.

P, = AUsolute stack gas pressure, Inches Ig.
A.:Caul-;«:uond Ena of nousle, 8. n.m

68 Accepiabls results. The following
zange sets the Jimit on scceptable jsokinetio
sampling results;

T2 90% < 1 < 110%, the results are scceptable,
otherwise, reject the results and repeat
the test. .

9. Refesence. -
. Addendum to Specifications for Incinerator
Testing &M«d Facilities, PHS, NCAPC,
Dec. 6, 1087, -

sartin, Robert M., Construction Detalls of
Lsoklnetic Source Sampling Equipment, Ene
vironmental Protection Agency, 81.
* Rom, Jerome J., Maintenancs, Caltbration,
snd Operation . of Isokinetic Sourcs Same

- pling Equipment, Environmental Protection
- ‘Agency, APTD-0576.

Smith, W. 8, R. T. Shigehars, and W. P.
STodd, A Method of Interpreting Stack Same
pling Data, Paper presented at the 634 Ane
pusl Meeting of the Alr Pollution Control
Associstion, 5t. Louls, Mo., June 14-19, 1970,

Smith, W. R.. et al, Stack Gas Sampling

. _ Improved and Simplified with New EqQuip<
ment, APCA paper No. 67-119, 1067, .

Bpecifications for Incinerstor Testing at

Pederal Facilities, PHS, NCAPC, 1967,

‘METHOD ¢~—DTTERMINATION OF SULIUR PIOXIDR
EMISSIONS FROM nngonnt sovRCES

1. Princtple end applicadility. *

11 Principle. A gas sample is -extracted
from the sampling point in the stack. The

scld mist, including sultur trioxide, 18 sepae

zated from the sulfur dloxide. The sulfur
dioxide fraction is measured by the barjums
thorin titration method. .

13 Applicability. This method is appli-
cabdle for the determination of sulfur dloxids
emissions from stationary sources only when
specified by the test procedures for determin«

tng complisnce with New Source Performancé

Standarda.

2. Apparatus,’ LT

21 Sampling. See Figure 6-1. :

211 Probe—Pyrex® glass, spproximately
§ to 6 mm. ID, with a heating system to
prevent condensation and & filtering mediun
to remove particulate matter inciuding sul«
guric acld mist, o,

213 Midget bubdler—One, with glaas
wool packed in top to prevent sulfuric acid
mist CAITYOvEr.

equition 5-5 212 Glass wool. ‘

2.1.4 Mudget Impingers—Thres.

31, =Tots! smount of perticulate mattcr colected, 215 Drylng tubc—Packed with 6 to 16

Ve “-v:?'“,'” of gas sample through dry gay meter mesh $ndicating-type silica gel, or equivalent,
(standard eo:&mom). cu.f
on.

to dry the sample.
216 Valve—Needio valve, ¢r equivalent,
to adjust flow rate, -
3.1.7 Pump—Leak-free, yacuum typs.
318 Rate meter—Rotameter of equive~
Sent, t0 measure & 0-10 s.ci.h. fiow range.
. 218 Dry gns meter—Sufliciently sccurats
to measure the sample volume within 1%.
21.10 Pitot tudbo—Type 8, or equivalent,

az MA %427 _ _THIIOCERAY DICEMAER 15. 197% ' e
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4892 - ol i
pitrous oxide, are measure colorimetricelly
using the phenoldisulfonic acld (PDS)
procedure.

32 Applicabdiiity. This method fs applica-
ble for the measurement of nitrogen oxides
from stationsry sources only when specified
by the test procedures for determining come
pilance  with New Source Performance
Standards, :

2, Apporatus.

21 Sampling. See Figure 7-1,

211 Probe—Pyrext glass, heated, with
giter to remove particulate matter. Heating
s unnecessary if the probe rematns dry dur-
tng the purging .

2.12 Collection fask—Two-liter, Pyrex3
sound bottom with short peck and 24/40
standard taper opening, protected sgainst
smplosion or breakage. .

Or—————————
$Trade DAmMS.

RULES AND REGULATIONS -

213 Flask valve—T-bors stopcock cone
nected t0 & 24/40 standard taper jolnt,

2.1.4 Temperature gauge—Dial-Ltype ther.
mometer, or equivalent, capable of measure
ing 3° T. Intervals from 26° to 138° P,

215 Vacuum Jine—Tubing capable of
withstanding a vacuum of 3 fnches g abso-
Jute pressure, With “T* connection and T-bore
stopcock, or equivatent.

2.1.8 Pressure gauge—VU-tubs manometer,
S8 inches, with O.l-inch divisions, or
equivalent.

217 Pump~—Capsble 6f producing s vac-
wum of 3 inches 1ig absolute pressure.

2.1.8 Squeeze bulb—One way,

2.2 Sample recovery.

23.1 Pipette or dropper. .

223 Olass storage containers—Cushioned
for shipping. .

: 0T vewera wuw-._nutn@.;am '

233 Olass wash bottle. o 833 Water—Delonized, distilled.

23 Analyals, . . 83 Analysis.

231 Steambath. $3.1 Puming sulfuric acid—18 $0 18%

233 Beakers or casseroles—3s50 ml, one
for each sample and standard (blank). °
233 Volumstric pipettes—1, 2, and 10 ml,
234 Transfer pipette—10 ml. with 0.1 ml.

divisions.
333 -Volumetric flask—100 ml, ope for
each sample, and 1,000 ml. for the standard

{blank). .
3236 Bpectrophotometer—To measurs ab-
sorbance at 420 nm.

237 Graduated cylinder—3100 ml. with
3.0 ml. divisiona. .
2358 Analytical balsn
0.1 mg.

8. Reagents,

3.1 Sampiling. .

1.1 Absorbing solution-—Add 2.8 ml. of
concentrated , to 1 lter of distilled
water. Mix well and add 6 ml. of 3 percent
hydrogen peroxide. Prepare & fresh solution
weekly and do not expose to extrome heat or
direct sunlight. L. e - .

82 BSample recovery.

333 Bodlum hydroxide (1N)—Dissolve
:o g. NaOMl in distilled water and dilute to 3
iter,

333 Red litmus paper,

To measure ‘0

weight free sulfur trioxids.
$33 Phenol—White solid resgent grade.
333 Sulfuric acld—Concentrated reagent

greade. .
334 Standard solution—Dissolve 0.5495 g.
fum nitrate (KNO,) in distilled water
and dilute to 1 titer. For the working stand.
ard solution, dilute 10 ml. of the resulting
solution to 100 ml. with distilled water. One
ml of the working standard solution 1is
equivalent to 25 xg. nitrogen dioxide.

338 Watéer—Delonized, distilled.

- 83.6 Phenoldisulfonic acid solution—
Dissolve 25 g. of pure white phenol in 150 ml.
concentrated sulfuric acid on a steam bath.
Cool, add 75 ml. fuming sulfuric acid, and
heat at 100° C. for 3 hours. Store in a dark,
stoppered botue.

4. Procedure. :

4.1 Sampling. . .

4.1 Pipette 25 mi. of absorbing solution
into a sample flask. Insert the fssk valve
stopper into the Oask with the valve fo the
*“purge” position. Assembdle the sampling
train as shown in Figure 7-1 and place the
probe at the sampling point. Turn the flask
valve and the pump valvo (o thelr “evacuate™

positions, Evacuate the flask to at least 8
tnches 3Jig absolute pressure. Turn the pump
valve to ita “vent™ position and tura off the
pump. Check the manometer for any fluctu-

.ation in the mercury level, If thero 1s a visle
dle change over the span ©of onhe minute,
cheek for Jeaks. Record the Injtial volume,
temperature, and barometric pressure. Turn
the Sask valve to Its “purge” position, and
then do the same with the pump valve.
Purge the probe and the vacuum tube using
the squeezo bulb. If condensation occurs in
the probe and flask valve area, heat the probe
and purge until the condensation disappeass.
Then turn the pump valve to its “vent” posi-
tion. Turn the flask valve to its “sample”

tion and allow sample to enter the flssk
for about 15 seconds. After collecting the
sample, turn the flask valve to fis “purge”
position and disconnect the flask from the
sampling train., Shake the .fask for &

minutes. .

43 Sample recovery.

431 et the flask set for & minimum of
16 dours and then shake the contents for 2
minutes. Connect the fask to a Inercury
filled U-tube manometer, open the valve
from the fiask to the manometer, and record
the flask pressure and temperature along
with the barometric pressure. Transf{er the
flask oontents to a container for shipment
or 1o » 250 ml. beaker for analysis. Rinse (he
fask with two portions of distilled watcr
(approximately 10 ml.) and sdd rinss water
$0 the sample. For a blank use 35 ml. of ab-
sorbing solution and the sams volumse of dis«
tilled water as used in rinsing the fiask. Prior
%o shipping or analysts, add sodium hydrox-
Sde (1N) dropwiss into both the sample and
the blank until alkaline to litmus paper
(about 25 to 35 drops in each). "

43 Analysls. - .

431 1If the sample has been shipped in
& container, transfer the contents (o & 350
ml. beaker using s amall amount of distilled
water. Evaporats the solution to dryness on &
_steam bath and then cool. Add 2 mi, phenol.
disulfonic acld solution to the dried residue
and triturate thoroughly with & glass rod.
3Make sure the solution contacts all the resi-
due. Add 1 ml. distilled water and four drops
of coucentrated sulfuric actd. Heat the solu-
tion on a steam bath for 8 minutes with oc-
castonal stirring. Cool, add 20 ml. distilied
water, mix well by stirring, and add concen<
trated ammonium hydroxide dropwise with
esonstent stirring until slkaline to litmus
paper. Transfer the solution to & 100 ml.
volumetric flask and wash the beaker three
times with 4 to § ml. portions of distilled
nﬁg Dllute to the mark and mix thor-
oughly. If the sample contains solids, trans~
fer a portion of the solution o a clean, dry
eentrifuge tube, and centrifuge, or fliter &
portion of the solution. Measure the absorbe
anee of each sample at 420 nm. using the
blank solution as a zero. Dilute the sample
and the blank with a suitable amount of
distilled water if absorbance falls outstde th
range of calibration. L

8. Calidration. °

8.1 Flask volume. Assemble ths fiask and
flask valve and fill with water Lo the stop<
cock. Measure the volume of water Lo =10
ml. Number and record the volume on the
flssk, . -

83 Spectrophotometer. Add 0.0 {o 36.0 m\.
of standard solution to a serles of beakais. TC
esch beaker add 25 ml. of sbsorbing solution
and add sodlum hydroxide (1N} dropwiss
unttl alkaline to litmus paper (about 35 to
35 drops). Follow the analysis procedure of
section 4.3 1o collect enough data Lo draw &
calibration curve of concentration in xg. RO»
per sample versus absorbance. .

6. Calculations.
8.1 Sample volume,

-3 s, - t e - e . - . P .. .. et ‘. . . M .. . .
.'. s ."', o. . \ ‘e & ey -* ot " (5 L '...' v . Vo ’ o .-;l .l K T o, . . ¢
N :”.-’:'o. * . . PR Yoel et : AR A o .. J : . e .ol
: : ‘e ® . . - . 3 L . - .
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V"".g’."('r%:;" (,‘;.:-":)-(xnx 5.'-';3;) (v.-'-zs. ml)(%—%) x-:qumon i

where: : .
V,,~Bample volume at standard
¢lons (dry basis), ml
Tore™ Absoluts temperature at standard
conditions, 630° R.
o Pressure st standard conditions,
29.93 Inches Hg.
V= Volums of fiask snd valvs, ml.
V¥, == Volume of absorbing solution, 25 ml.

COB&'

’.u

*= (2 ooz

where: . ’
O=Concentration of NO, as NO, (dry

besls), Ib/sct. ..

me=)ass of NO, in gas sample, sg.
V¥, ~Sample volume at standard condl-
tions (dry Dasls), ml.

9. References. .

Standard Methods of Chemical Analysis.
$th ed. New York, D. Van Nostrand Co., Inc.,
1962, vol. 1, p. 329-330. .

Standard

Nitrogen in Gaseous Combustion Products
(Phenoldisulfonie Acld Procedure), In: 1968
Book of ASTM Standards, Part 23, Philadel-

Method of Test for Oxides of -

phia, Pa. 1068, ASTM Designation D-1608-60,
725-729

Jscob, M. B., The Chemical Analysis of Alr
Pollutants, New York, N.Y_, Interscience Pub-
lighers, Inc., 1960, vol. 10, p. 351-356.

METHOD 8-—DETIRMINATION OF SULFURIC ACDD
MIST AND SULFUR DIOXIDE EMISSIONS FROM
STATIONARY SOURCES .

1, Principle and applicadility.

31 Principle. A gas sample Is extracted
{rom a sampling point in the stack and the
acid mist including sulfur trioxide s scpa-
rated from sulfur dioxide. Both fractions are
measured separately by the barium-thorin
titration method.

13 Applicabliity, This method is applica-

ble to determination of sulfuric acid mist:

(including sulfur trioxide) and sulfur diox-
ide from stationary sources only when spe-

.- RULES AND REGULATIONS

-(6.2)(10-:‘.:?-75{3"-]_':) (vn:_.)

- -
. e
.

.3,
I

P,=rinal absolute pressure of flask,
inches Mg,

P,=1Initial absolute pressure of fasX,
inches Hg.

‘.l'.-!"l.l.:;l. absolute temperature of flask,

'r.-lngtii‘:l absolute temperature of flask,

62 Sample concentration. Read »g. NO,
for each sample from the plot of ag. NO,
versus absorbance.

- ‘-

equation 7-2

.eompliance with the New Source Performe
ance Standards.

3. Apparatus. . .

2.1 Sampling. Bee Figure 8-1. Many of
the design specifications of this sampling
train are described in APTD-0381. '

2.1.1 Nozzle—Stainless steel (318) with
sharp, tapered leading edge.

2132 Probe—Pyrex! glass with a heating
system to prevent visidle condensation dur-
ing sampling.

213 tot tube—~Type B, or, equivalent,
sttached to probe to monitor stack gas
velocity. )

2.1.4 Fiiter holder—Pyrex ! glass.

215 Impingers—Four as shown in Figure
8-1. The first and third are of the Greenburg-
Smith design with standard tip. The second
snd fourth are of the Greenburg-Smith de-
sign, modified by replacing the standard tip
with a %-inch ID glass tube extending to
one-half inch from the bottom of the im-
-pinger flask. BSimilar collection systems,

- u/hi¢h have been approved by the Adminis-
trator, may be used.

2.1.8 DMetering system—Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 8° P, dry
gas meter with 2% accuracy, and related
equipment, or equivalent, as required to

- mnaintain sn isokinetic sampling rate and
to determine sample volume.

2.1.7 Barometer-—To measure atmospheric
pressure to £0.1 inch Hg.

———

<ified by the test procedures for determining s Trade name. .
. .
STACK FILTER HOLDER THERMOMETER
na /WAU. o cv’:g"s
) U j\ [
(. 7 (G A .
REVERSE-TYPE ot A
PITOT TUBE Nitde e oo -.j.s~' s
/ Y E Y gl
i . é*!\ i gl
PITOT MANOMETER [ ‘] VACUL
“ICEBATH + IMPINGERS LINE
ORIFICE BY-PASS VALVE
? ') o O VACUUM
e i L g =< GAUGE
J MAIN VALVE
Q AIR-TIGHT
punp
DRY TEST METER .

. F'lymo 8-1. Sulluric acid mist sampling traln.

RS lnmptoheovm. ’ - L

. . -
.. "* . .
T S~
. .-
. -

24893

231 Waah dottles~—Two,
232 Orsduated cylinders—250 ml, 800

233 OClass samplostorage contsiners,
+ 3394 Orndusted cylinder—250mi,

23 Analysls.

23.1 Pipetie—25 mi, 100 ml.

233 Burette--50ml.

233 Erlenmeyer flask-—250 ml.

234 Oradunted cylinder—3100mi. -

235 Trip balance—300 g. capacity, to
theasure to +0.05 g.

23.6 Dropping dottle—to add Indicator
solution. . -

8. Recgents.

/°33 Bampling. .

831 Fliters—Glass fiber, MSA type 1108
B, or equivalent, of a suitadle size to it
in the filter holder.

313 Siliea gel—Indicating type, 6-16
mesh, dried at 175° C. (350° F.) for 2 hours.

3.13 Water—Dejonized, distilled.

- 814 Isopropanol, 80%—Nix 800 mi. of
fsopropanol with 200 ml. of delonized, dis«
tlled water.

3.15 HMydrogen peroxjde, 37=~Dilute 100
ml. of 30% hydrogen peroxide to i liter with
defonized, distilied water.

$.168 Crushed ice. .

32 Sample recovery.

321 Water—Delonlized, distilled. ~

3332 Isopropancl, 80%.

83 Analysls. .
33.1 Water—Delonized, distilled.
832 Isopropanal.

$33 Thorin indicator—1«(o-arsonophen-
y1laz0)-2-naphthol-3, G-disulfonic acid, di«
sodtum salt (or equivalent). Dissolve 0.20 g.
tn 100 ml, distilled water.

834 Bartum perchiorate (0.0JN)—Dis-
solve 105 g. of Darium perchioraie [Ba
(C0,),3 HO] in 200 ml. distilled water and
dilute to 1 liter with isopropanol. Standaridize
with sulfuric acid.

838 Sulfuric acld standard (0.0IN)—
Purchase or standardize to == 0.0002 ¥ against
001 N NaOH which has previously been
standardized sgainst primary standard po-
tassium acid phthalate.

4. Procedure.

4.1 Sampling. :

4.1.1 After selecting the sampling site and
the minimum number of sampling points.
datermine the stack ure, temperature,

.moisture, and range of velocity head.

413 Prepanstion of collection train.
Place 100 ml. of 80% isopropanoc! in the first
impinger, 100 ml. of 3% hydrogen peroxide in
both the second and third impingers. and
about 200 g. of silica gel In the fourth im-
pinger. Retaln a portion of the reagents for
use as blank solutions. Assemble the train
without the probe as shown in Figure 8-1
with the fliter between the first and secornd
jmpingers. Leak check the sampling . -
at the sampling site by plugging the inlr .
the first impinger and pulling a 15-inch .. -
vacuum. A leakage rate not in excess of 0.0.

© efm. at a vacuum of 15 inches Hg is ac-

captable. Attach the probe and turn on the
probe heating system. Adjust the probe
heater setting during sampling to prevent
any visible condensation. Place crushed ice
around the impingers. Add more ice during
the run to keep the temperature of the gases
leaving the tast impinger at 70° F. or lJess.
413 Traln operation. For esch run, re-
ecord the data required on the example sheet
shown in Figure 8-2. Take readings at each
sampling point at least every 5 minutes and
when signi0cant chonges In stack conditions
 pecessitate additional sdjustments In flow
gate. To begin sampling, position the nozzie
at the first traverse point with the tip point-
ing directly into the gas stream. Siart the
pump and famediately adjust the flow to
.1sokinotio conditions, Maintain fsokinetic
sampling throughout the sampling period.
Nomogmphs sre avatiable which eid In the
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. .
< Jerome J., Maintenance, Caltbration,
and Opeorstion of Isokinetic Source Bam-
pling Equipment, Environmentsl Protoction
Agency, AIr Pollution Control Ofice Pubdlte
cation No. APTD-0378. .
Shell Development Co. Analyticsl Depart-
sment, Determination of Sulfur Dioxide and
Sulfur Trioxide in Stack Csses, Emeryville
3dethod Series, 45106/60a. .

METHOD 0—VISUAL DETERMINATION OF THE
OPACITY OF EMILSIONS TROM STATIONARY
SOURCES

3. Principls and applicability. .
11 Principle. The relative opacity of an
emission from & stationary source is de-
termined visually by & qualifed observer.
13 Applicadliity. This method is sppli-
eable for the determivation of the relstive
opacity of visible emissions fromn stationary
sources only when specified by test proce-
dures for determining compitance with the
New Bource Performance Standards.
8. Procedure. .
91 The qualified observer stands st ap-
tely two stack heights, but not more
qumdsmnclmtbsmor
mm-mmmntohhmk.mu
vantage point perpendicular to the plumse,
the observer studies the point of greatest
.opaeity in the plume. The data required in
L

RULES AND REGULATIONS S B

.ngun 0-1 1s recorded every 18 to 30 scconds
o the nearest 6% opscity. A minimum of 28

geadings is taken. .
+ 3. Qualifications.

$.1 To certify as an observer, & candidate
must completo & smokereading course ¢on«
ducted by EPA, or equivalent; in ordtr W
certify the candidate must assign opacity
readings In 6% tperements to 25 different
black plumes and 25 different white plumes,
with an error not to exceed 15 percent ob
any one reading and an average error not to
exceed 7.5 percent in esch category. The
smoke generator used to quality the ob-
servers muast be equipped with a calibrated
smoke indicator or light transmission meter
located in the source stack 1t the smoke
generator is to determine the actusl opacity
of the emisstons. All qualified observers must
pass this test every ¢ months in order to
remaln certificd. .

4. Calculations. -

4.1 Determine theaverage opacity.

8. Refersnces. .

Alr Pollution Control District Rules and
Regulations, Los Angeles County Air Pollu-
tien Control District, Chapter 2, Schedule &,
Regulation 4, Prohibitton, Rule 50, 17 p.

Kudluk, Rudolf, Ringelmansn Smoke Chart,
U.8. Department of Interior, Bureau of Mines,
Information Circular No, 8333, May 1067.
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APPENDIX E

LABORATORY REPORT

Plant Quemetco, Industry, California

Dafe January 26, 27, 1972

BACK HALF LABORATORY REPORT
ANALYSIS BY ATOMIC ABSORPTION

——— - I —— —— ——
Run Impinger Water Residue Residue, Mg Total RgsIaue

1 Aqueous residue, ug 0.039 o 410
10,500(a)
' Organic reSiduéikﬁg 0.006 230
36,500 ‘

(a) Water blank subtracted; blank = 0.005 mg/ml.



LABORATORY REPORT
ANALYSIS BY WET CHEMISTRY

Run No. 1

Plant Quemetco, Industry, California
Date January 26, 27, 1972

BACK HALF IMPINGER WATER RESIDUE

mw

Aqueous, Organic, Total,
Constituents ug ) ug ug

S0, 4,400 17,800 22,200

Cl 30 <30 60
N, 140 80 220
N03 220 <10 230

pH (2) | 2.9 2.3 .-
Total Residue Mass 10,500(b) 36,500 47,000

for which anions
and pH were determined

(a) Values are pH units.
(b) Water blank subtracted; blank = 0.005 mg/ml,



‘Plant Quemetco, Industry, California

Date January 26, 27, 1972

ACETONE PROBE WASH RESIDUE

E —

Run 1, Run 2, Run 3,
Constitutent v ug 174

so, < 500 <500 < 500
c1 | 580 330 440
NH, < 100 < 100 < 100
NO, <100 < 100 - < 100
pu(a) EXi 5.2 5.1
Total Residue 5400 3700 4900

Mass from which
anions and pH were
determined (b)
_ﬁ
(a) Values are pH units.

(b) Acetone blank subtracted; blank = 0.011 mg/ml.

|

‘Note: Symbol < indicates minimal detection limit,
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. Plant Quemetco, Industry, California

EXAMPLE 1EAD DETERMINATION FILTER, RUN 1

e e ——
A - Initial Extract Volume per Split Filter 5.0
Sample, ml
B - Aliquot, ml 1.0
C - Dilution Factor ' 25 —
D - Absorption, Percent 33
E - Absorbance from Atmoc Absorbance Tables, 0.1739
Based on Percent Absorption
F - Lead, pg/ml of Diluted Aliquot(®) 13.2
"G - Lead, ug/Split niléfs@pu : 1650
H - lead, pg/Total Filter 3300
R .. Example Computation -
CxAxF=¢G e

25 x 25 x 13.2 = 1650

2xG=H
2 x 1650 = 3300

e — —

(a) Determined from calibration curve; based on 0,1739 absorbance.
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Plant Quemetco, Industry, California

LABORATORY REPORT

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

W

Probe Wash Residue

Impinger Water Residue

- Run 1
Element Run 1 Run 2 Run 3 aqueous organic
Be <0.1 <0.1 <0.1 <0.1 <0.1
cd <. s, 10. <. <.
Ag <10. <10. <0. <10. <10.
v Q. <. <. Q. <.
Mn <. <. <. 1. <.
.11 <. <. 1. <1. <I.
Sb 20. 10. 100. 200. 10.
Cr <1. <. <. <. <.
Zn 30. <10. 20. 30. <10.
Cu 1. .. <L 2, <. <.
m,(a) . . . o .
ge(b) - - - - -
B 1. <1. <1. <. <1.
F(®) .- - - - -
i <30. <30. <30. 0. <30.
Ag <.1 <0.1 0.3 0.1 0.1
Sn " 10. 5. 30. 5. 30,
Fe 10. 2, 40. 30. 3.
Sr <. <sS. S. <. s,
Na 100. 30. 30. 30. <30.
K 20. <10. 10. 10. <10.
Ca —  60. 27 10. 50. 1.
Si 10. 10. 30. 30. 10.
Mg 20. 1. 3. 20. 1.
Ba 1. «. 10, <1.
Al 10. 1. . 10. 3.
Total Catch, 5,400 3,700 4,900 10, 500 36,500

=i

(a) Pb determined by Atomic Absorption.
(b) Not determined by methods used.



Plant Quemetco,

E-7 .

Industry, California

LABORATORY REPORT

OPTICAL EMISSION SPECTROSCOPY TRACE METAL
(vg of element for total filter catch)

Filter Analysis

Element ' Run 1 Run 2 Run 3
Fe 100 200 200
Zn < 20 < 20 <20
pb(a) . em- .
Cu 4 <2 <2
Se -——- -——- e-
Sn 140 180 30
Ti <2 2 <2
v <2 <2 <2
Cr N< 2 <2 <2
Co <6 <6 <6
Ni <6 6 <6
Mo <2 <2 <2
Ba -—- o= —--
As 60 100 100
Bt <6 <6 <6
cd 40 40 40
Sr < 0.2 < 0.2 < 0.2
Be < 60 < 60 < 60
Hg 60 120 120

Total Catch, 21,500 14,300 15,400

4

(a) Pb determined by Atomic Absorption.

Note: Filter blank data not available.
Symbol < indicates minimal detection limits.
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FILTER ANALYSIS FLOW DIAGRAM

1.0

3-in. diom
Filter

1

Low Temperature Ash
{/2 Filter

l

A7 T

Contimmus» Acid Reflux [e—

8ml 19% HCL
32ml 40% HNOj

l

oliquot

End Volume 5.0 ml

Lead by
Atomic Absorption

aliquot

Optical

Trace Metals
by
Emission Specttroscopy
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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).

1.

2,

3.

&,

S.

6.

7.

0,
Add 4 ml of 1:1 HC1l 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
$0-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 BaClz
solution, stir well, and digest at near boiling temperature for an
hour.
Remove from the hot-plate and cool to room temperature. Allow the
solution to stand at room témperature at least 2 hours - preferably
overnight.
Filter off the precipitated nasq‘ through a tight ft}ter paper
(Whatman No. 42 or equivalent). Wash the paper and precipitate with
hot deionized wat?r 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 furmace for at least an hour at a
temperature of 900 C.
Remove the crucibles from the muffle fumace, cool in a desiccator,
and weigh as BaSO . Calculate 804 by multiplying by the factor 0.4116.
Hultiply this result by 5 to get total amount of SOA 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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E-11

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 tha; these methods

represent the best analytical scheme for this work,
The gravimetric method for sulfate lacks the sensitivity one

e for this type of work if measurement of less than 1 milligram

night desir
it is cépable of determining the occasional high

is necessary. However,
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 wam water. Combine where
{ndicated and adjust volume to 50 ml in a volumetric flask.

(2) Extract remaining residues in beakers with acetone. Police
beake:gqshoroughly, making sure that all material i{s removed,
evenwig:;gh 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 exéracti to the
water extracts, being sure to shake the flasks well before
sampling to assure a representive portion of suspended
hatterris included. Dry combined extracts and proceed with
OES. )

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

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

this.manner.
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40 ml water extract

10 ml for _ 10 m1 for 10 ml for 10 ml for

pH and soa c1” NBA+ total nitrogen

‘ (Devarda's method)
. (6

® N°3. will be calculated from the difference between total

nitrogen and NH£+

Note: "Dry pipetting" (no rinsing of pipette) must be practiced
to conserve sample.
1f the weight of residue removed by the acetone treatment is
useful {n interpreting results thése data may be obtained in the following
manner.

Water Insoluble Residue

;"‘ b
RS
t

Wote: If 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
4w the 50 ml volumetric flasks into the same dishes used
{n oiép &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 1s added before
multiplying by 5/4.

Preparation of Filters for Chemical Analysis

(1) Remove.1/4 of the filter circle and carefully cut {t up
{nto 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.



(2)

(3)

(4)

)

E-13

Measure the pH of the solution using the small electrode
assembly. '

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

Multiply all results by & to obtain the amounts of SO,,
c1, NHA, and NO3 on the entire filter circle.

N
1"
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January 20,

January 24,

January 25,

January 26,

January 27,

January 28,

.......

APPENDIX F

TEST LOG
1972 Ship equipment.
1972  Pick up equipment.
Arrive at test site.
1972  Set up equipment,
SOz Run 1.
1972 SO; Runs 2 and 3.
Particulates Runs 1 and 2.
1972 SO, Run 4.
Particulate Run 3. -
Pack equipment.
1972 Ship equipment to next

test site.-
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RELATED REPORTS




APPENDIX G

RELATED REPORTS

(1) SECONDARY LEAD PLANT STACK EMISSION SAMPLING AT N. L.
INDUSTRIES PLANT, BEECH GROVE, INDIANA

(2) SECONDARY LEAD PLANT STACK EMISSION SAMPLING AT N. L.
INDUSTRIES PLANT, MCCOOK, ILLINOIS

(3) SECONDARY LEAD PLANT STACK EMISSION SAMPLING AT REVERE
SMELTING AND REFINING PLANT, NEWARK, NEW JERSEY

(4) SECONDARY LEAD PLANT STACK EMISSION SAMPLING AT GENERAL
BATTERY CORPORATION, READING, PENNSYLVANIA

i
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PROJECT PARTICIPANTS AND TITLES
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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 Leader)

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

Harold G. Leonard, Senior Technician
G. William Keigley, Senior Technician
William C. Baytos, Scientist

Administrative Support

Richard E. Barrett, Senior Mechanical
Engineer

John M. Allen, Division Chief

Irene Whitener, Secretary
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APPENDIX I

COMPLETE OPERATIONAL RESULTS

Run No. 1 2 3
Start time 10:15 am 1:50 pm 9:43 am
End Time 12:32 pm 4:02 pm 11:55 am
Baghouse temperature, F 151 156 168
Feed, 1b 2,000 5,000 6,000
Slag tap, 1b 4,600 6,000 5,500
Lead tap, 1b 10,000 7,000 0

Slag tap, 1b in 24 hr 28,500 28,500 +-28,500
Lead tap, 1b in 24 hr 100,000 100,000 i 100,000

Lead rate, lb/hr 4,200 4,200 4,200

E13
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OPERATIONAL NOTES

Quemetco, Industry, California
Tuesday, January 25, 1972

Baghouse Temperatures
Section Temperature, F

1 180
2 140
3 180
4 205
5 235
6 210
7 170

2:15 pm Start observing furnace

2:18 = Load furnace

2:25 Load furnace

2:30 Complete a lead tap - about 5 toms

Mold contains a place for 5,200-1b ingots
Same mold used for all taps.

- 2340 Start fillinéfiiad mold
Operator reports 5 tons had been tapped before 2:15

2:45 Load furnace

2:50 Another 5 tons of lead tapped
3:15 -
3:30 Tap 5 tons lead

3:30 Baghouse temperatures by sections, F:
190, 140, 180, 200, 235, 205, 180
Furnace valve setting 3 - Air pressure to furnace,
10 oz/in?

4:00 Furnace off for shift change

Stop observations

Wednesday, January 26, 1972

Operator reports each night shift.

Cast 15 slag buttons and 20 lead hogs.
Total for night, 15,000 1b slag, 180,000
1b lead. Baghouse temperatures, F:

150, 170, 190, 180, 160, 130, 160.



1-3

OPERATIONAL NOTES (Cont'd)

January 26, 1972 (Cont'd)

9:00 am

9:28
9:30
9:35
9:45
9:50
10:00

10:05
10:10

10:15-
10:20

10:50
-.11:05
11:06

11:10
11:15
11:18
11:21
11:23
11:24
11:26
11:28
11:30
11:38
11:44
11:45
11:50

11:57-
12:37

12:25

Furnace air setting - 7, 2l-oz air pressure
Load furnace

Load furnace

Load furnace

Furnace setting - 6, 19-oz air pressure
load furnace B

Load furnace

Load furnace
Plant manager reports 6 min cycle on bag shaking will be
changed to a 20 min or 90 min cycle

Furnace air pressure, 19 oz

Baghouse temperature by sections - F, 140, 170, 200, 170,
140, 170 ,

Load furnace
Preparing to tap slag
Pressure to gééﬁ%urners'rgduced 13 oz on left side, 8 oz on right

Increase gas burner air pfessure 18 oz both sides
500-1b button slag tapped (No. 1)

500-1b button slag tapped (No. 2)
500-1b button slag tapped (No. 3)
500 1b button slag tapped (No. 4)
500-1b button slag tapped (No. 5)
Gas burners off

500-1b button slag tapped (No. 6)
500-1b button slag tapped (No. 7)
Gas burners on, & oz air pressure
500-1b button slag tapped (No. 8)
Gas burners, 15 oz air pressure
500-1b button slag tapped (No. 9)
Gas burners, 20 oz air pressure

Finish tapping slag, about 100 1b in button No. 10

Tap 5 tons lead

Load furnace



o

- P -

- oy r—

e —- Slapiubul

S}

we

1-4

OPERATIONAL NOTES (Cont'd)

January 26, 1972 (Cont'd)

12:25 pm One gas burner off, other 12 oz air pressure
12:32 -

12:34
12:42
12:50
12:55

1:03

1:15
1:17

1:38-
1:53

1:45
1:50

- . 1:51

2:00

2:05
2:10
2:20
2:30

2:40

2:45-
2:55

3:00
3:04
3:08
3:11
3:13
3:15
3:18
3:20
3:21
3:22

Both gas burners on, 20 oz air pressure

Load furnace
Load furnace
Load furnace
Load furnace
Load furnace

Baghouse temperatures - 80, 150, 190, 180, 160, 140, 160

Baghouse shakers off to change timer

Load furnace

Gas burners,

Tap 3,000 1b
Load furmace

Gas burners,

Load furnace -

Foreman reports furnace was too reducing which means
antimony is staying in the metal.
added to furnace to correct

~ Load furmace

Load furnace
Load furhace

Load furnace

15 oz one side, 7 oz other

lead

17 oz both sides

.

Baghouse shakers on, new cycle

Load furnace

Blow air in furnace

Start tapping slag

Button 1 tapped

Button 2 tapped

Button
Button
Button

Button

Button
Button

3

4

5
Button 6 tapped

7

8

9

tapped
tapped
tapped

tapped

tapped
tapped

Extra oxides are
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OPERATIONAL NOTES (Cont'd)

January 26, 1972 (Cont'd)

3:24 Button 10 tapped
3:26 Button 11 tapped
3:27 Button 12 tapped - end of tap
Gas burners off

3:34 GCas burners on, air pressure 15 oz
3:35-

3:54 Tap 7000 1b lead
3:57 Gas burner air pressure, 19 oz

4:00 Baghouse temperatures - F, 150, 160, 180, 170, 150, 130, 150

Thursday, January 27, 1972

8:00 am Gas burner off to remove dust from air cooling system
Remove 500 1b from air cooler (estimate)
Remove 1500 1b from hopper under front leg of inverted

V-ducts (estimate)
Remove 2000 1b from cyclone (estimate)
Remove 100 1biffom hopper at baghouse inlet (estimate)
Remove 2500 1b from hopper under second leg of inverted V
Estimate remove 600 1b from baghouse
Except for baghouse dust, these materials are charged into
furnace as the ductwork is cleaned.

8:30 - Cleaning completed, operator reports ducts are cleaned at
the beginning of each shift
Gas on-air pressure, 20 oz

8:45 Slag stirred into furnace
8:50 Load furnace
8:55 Load furnace
9:00 Blow air into metal through slag tap
Remove 600 1b dust from baghouse
9:10 Load furnace
9:20 Load furnace
Baghouse temperatures by sections - F, 140, 180, 205, .180, 160,
160, 160
9:25 Load furnace
9:30 Load furnace:
9:32 Load furnace
Air pressure to gas burner 21 oz
9:35 Load furnace

9:38 Load fummace
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OPERATIONAL NOTES (Cont'd)

January 27, 1972 (Cont'd)

9:38
9:43

10:00

10:10
10:15
10:22
10:25
10:30
10:35

10:38-
10:40

11:05

11:15

11:54

Wednesday

Thursday

Load furnace

Air pressure to gas burners
12 oz - right side, 18 oz - left side

Load furnace
Air pressure to gas burners, 20 oz

Load furnace
Load furnace
Load furnace
Load furnace
Load furnace

Air pressure to gas burners, 20 oz on left - 7 oz on right

Blow air into bath

Start tapping, slag buttons f£illed at 11:09, 11:10, 11:18,
11:21, 11:24, 11:26, 11:28, 11:31, 11:39, 11:42, 11:54
Total - Eleven buttons

Alr pressuré to gas burners, 20 oz one side, 18 oz other

End of observations

Production record from managers office. —

Shift Lead Hogs Slag Buttons
12-8 A 20 15 N
8-4 10 21
4-12 _ 20 21
12-8 20 15
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APPENDIX J

SUMMARY OF RESULTS

Ryn Number 1 2 3 Average
Date 1/26/72 _1/26/72 1/26/72
Test Time - Minutes 120 120 120 120
Lead Production - TPH ' 2.1 2.1 2.1 : 2.1
Stack Effluent
Flow rate - DSCFM 14,600 15,200 14,200 14,667
Flow rate - DSCF/ton 6,952 7,238 6,762 6,984
Temperature = Or 166 164 175 168
Water vapor - Vol. % 3.1 2.8 3.1 3.0
€0, - Vol. % dry 1.8 1.8 1.8 1.8
0, - Vol. % dry 18.6 18.7 18.7 18.7
€0 - Vol. % dry <0.1 <0.1 <0.1 <0.1
CO - 1b/hr ' 63.5 66.0 61.7 63.7
$0, - ppm dry 1580 1525 1618 1574
80,.- 1b/hr 229 230 228 229
Visible emissions - % opacity Y 0 0 0
" Pparticulate Emissions h
Probe and filter catch
gx/DSCF , 0.0043 0.0028 0.0035 0.0035
. gr/ACF . 0.0035 0.0023 0.0028 0.0029
1b/hr : 0.5387 0.3702 0.4297 0.4462
- 1b/ton lead 0.2565 0.1763  0.2046 0.2125
Total Catch |
- gr/DSCF 0.0132 0.0086 0.0200 0.0139
gr/ACF 0.0107 0.0070 0.0161 0.0113
1b/hr 1.6520 11.1148 2.4321 1.7330
1b/ton lead 0.7867 0.5309 1.1581 0.8252
lead Emissions. _ o
Probe and f;lter catch .
' gr/DSCF 0.00090 0.00049 0.00045 0.00061
gr/ACF .0.00073 0.00040 0.00037 0.00050
1b/hr ~0.,1130 0.0640 0.0553 0.0775
1b/ton lead 0.0538 0.0305 0.0263 0.0369

Total Catch
Essentially the same as probe and filter,





