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SUMMARY

The Magma Company smelter at San Manuel, Arizona, and
the Phelps Dodge smelter at Ajo, Arizona, are not in com-
pliance with the EPA Process Weight Regulation 40 CFR
52.126(b), according to EPA Test Method 5.

Substantial technology was available to the copper
industry in 1973 to comply with EPA Process Weight Regulation
40 CFR 52 126(b). It is possible for these smelters to
achieve compliance with this regulation by applying control
technology that is presently available. The following add-
on control systems could be installed in series with the
existing ESP's at the subject smelters:

1. Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a dry ESP to reduce the
flue gas dust loading to an allowable level;

2. Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a wet ESP to reduce the
flue gas dust loading to an allowable level;

3. Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a fabric filter to
reduce the flue gas dust loading to an allowable
level;

4, Gas cooling equipment to reduce flue gas tempera-
ture and a wet scrubber system to reduce the flue
gas dust loading to an allowable level.

Tables 1 and 2 present estimated capital costs and
annual operating costs of the add-on control systems for
Magma Copper Company and Phelps Dodge Corporation,

respectively.
Magma Copper's add-on control system costs are based on
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Table 1. CAPITAL AND ANNUAL OPERATING COSTS FOR ADD-ON

CONTROL SYSTEMS ON MAGMA COPPER SMELTER

System Description Evalu- Turnkey Capital Annual Operating
/| ation Cost, $ Cost@$

1)  Spray water cooling of gas to 120°C (250°F),| A 6,168,300 1,845,700
fabric filter followed by a fan

2) Air dilution of gas to 120°C (250°F}), fabric B 15,607,000 4,468,000
filter followed by a fan

3) Two units, each containing a quencher, an C 4,824,100 4,466,100
adjustable venturi, a flooded elbow, and
a mist eliminator followed by two fans

4) Two units, each with a fan and a separate D 3,986,000 2,762,800
guencher followed by a venturi scrubber

5) One unit scrubber system consisting of E 5,090,000 1,685,500
a prequench section, a venturi, and a
separator section followed by a fan

6) Two parallel systems, each containing F 6,665,500 1,604,000
a fan, a cooling system, and an ESP

7) Two parallel systems each containing G 8,441,200 2,072,900
a fan, a cooling system, and an ESP

8) Two parallel systems each containing H 7,378,900 1,633,500
a fan, a cooling system, and an ESP

9) Two parallel systems consisting of a fan, I 6,990,400 2,147,100

an evaporative cooling tower, and a WEP

a) Includes operating cost and fixed capital charges.



Table 2. CAPITAL AND ANNUAL OPERATING COSTS FOR ADD-ON

CONTROL SYSTEMS ON PHELPS DODGE SMELTER

TTX

System Description Evalu- Turnkey Capital Annual Operating
) ation Cost, $ Cost 2§

1) Spray water cooling of gas to 120°C (250°F), J 2,003,200 586,600
fabric filter followed by a fan

2) Air dilution of gas to 120°C (250°F), fabric K 3,960,800 1,062,700
filter followed by a fan

3) An adjustable throat venturi, a flood elbow, L 724,300 878,600
and an entrainment separator, followed by
a fan

4) A prequencher, an adjustable-throat venturi M 842,800 914,000
scrubber, and a separator section followed
by a fan

5) A prequencher, an adjustable-throat venturi N 2,056,800 745,400
scrubber, and a separator section followed
by a fan

6) A fan, an evaporative cooling tower to cool P 1,933,800 621,000
gas to 120°C (250°F), followed by a dry ESP

7) A fan, a combination of heat exchanger and Q 2,452,400 626,900
dilution air to cool gas to 120°C (250°F)
and two dry ESP's in parallel

8) A fan, a spray water tower to cool gas to R 1,734,700 429,400
120°C (250°F) and a dry ESP

9) A fan, an evaporative cooling tower S 2,023,400 564,500

followed by a WEP

a)

Includes operating cost and fixed capital charges.



electrostatic precipitator outlet gas flow conditions of
18,264 m3/min (645,000 acfm) at 300°C (573°F) and an average
of 1.76 g/m3 (0.77 gr/scf) and a maximum of 2.86 g/m3 (1.25
gr/scf) particulate content measured at 120°C (250°F). The
system is sized for a minimum of 98.2 percent control
efficiency. The Phelps Dodge add-on control system costs
are based on outlet gas flow conditions of 5270 m3/min
(186,000 acfm) at 314°C (598°F) and an average of 1.28 g/m
(0.56 gr/scf) and a maximum of 3.14 g/m3 (1.37 gr/scf)

particulate content measured at 120°C (250°F). This system

3

is sized for a minimum of 93.0 percent control efficiency-

The following conclusions are based on a review of the
information available on particulate testing on the rever-
beratory furnace control systems at the Phelps Dodge Copper
Company, Ajo, Arizona, and Magma Copper Company, San Manuel,
Arizona.

Magma Copper Company, San Manuel

NEIC tested emissions from the reverberatory furnace
stacks for particulate compliance; they also did some ancillary
testing to evaluate the effect of temperature on particulate
formation. Prior to NEIC testing, Magma also tested emis-
sions from the reverberatory furnace stack. However, since
proper isokinetic conditions were not maintained during the
company testing, these test results cannot be considered
valid.

The following is a brief summary of NEIC test results:

1. Three compliance test measurements by NEIC on May
14 to May 22, 1976, indicate that the reverberatory
furnaces emitted an average of 989 kg/hr (2180
1b/hr) of particulate, which is over 50 times the
allowable 18 kg/hr (39.7 lb/hr) for the observed
process weight rates. Data are not available on
ESP dust collection during the testing; however,
company data show an average of 113.4 metric tons
(125 tons) per day were being recycled from both
the reverberatory and converter electrostatic

xiii



pregipitators to the reverberatory furnaces. This
1nd%cates that the electrostatic preciPitator :
efficiency, measured according to EPA Method 5, 18
lower than the design efficiency, which is based
on ASME test method.

SFack volume flow rates are about 15 percent
hlghgr than volume flow design of the electro-
static precipitator.

Average sulfur dioxide and sulfur trioxide emis-
sions during compliance testing were 5400 ppm
(8083 kg/hr or 17,820 1lb/hr) and 15.0 ppm (30
kg/hr or 66.1 lb/hr), respectively. The measured
sulfur dioxide and sulfur trioxide emissions
during ancillary testing were 2600 to 5000 ppm and
31 to 93 ppm, respectively.

During the compliance tests with an inert glass
probe liner, no sulfates were found in the filter
or acetone catches. However, ancillary tests
showed that particulate sulfate appears to be
formed as the reverberatory furnace gases pass
through the instack filter and glass frit support
(a considerable amount of sulfate was deposited on
the outstack filter). Measured values of moisture
content in the gas averaged 8 percent. Because of
the 8 percent average moisture content of the
gases, NEIC believes that most of the sulfur
trioxide would be in the form of sulfuric acid
mist (H2S04) at a temperature of (120° + 14°C)
(248° + 25°F). However, it is possible that some
or all of the sulfuric acid would be in the gaseous
form rather than the liguid (mist). form.

No data are available on metallic elements in the
gases other than one measured analysis at the ESP
outlet. Copper, arsenic, and zinc were the
principal elements detected in the analysis of the
reverberatory furnace stack gas.

Mos? of the arsenic was collected on the filter
Qurlng Fhe compliance tests. The amount collected
in the impinger was negligible.
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Phelps Dodge Copper Company, Ajo

Radian Corporation, Southern Research Institute, and

Aerotherm Corporation conducted the testing. The following

is a brief summary of the results:

1.

Particulate matter in the gases released from the
furnace is very cohesive and hygroscopic.

Apparently, chemical composition differs with par-
ticulate size. The ESP inlet and outlet particu-
late size distribution is bimodal. The mass
median diameter of the inlet particle size distri-
bution was greater than 10 um. One component of
the bimodal inlet particulate distribution had a
mass median diameter less than 1 um.

The ESP may be handling volumes more than 10
percent over design rate.

It may be necessary to find out how loadings vary
as a function of furnace operation cycle. Three
test runs by Radian Corporation on July 15, 1976,
using an instack/outstack filter train determined
a particulate emission rate of 323 kg/hr (712
1b)/hr at the ESP outlet. However, two test
measurements by Aerotherm on July 29 and 30, 1976,
determined the particulate emission rate at the
ESP outlet to be 192.1 kg/hr (423.5 1lb/hr).
Approximately the same amount of input material
was charged to the furnace during these tests.

The difference in dust loadings in the gas through
the two parallel inlet ducts leading to the ESP is
significant according to several measurements by
Radian Corporation. Both Radian Corporation and
SRI reached the conclusion that gas velocity
distribution is good.

Only Aerotherm Corporation particulate sampling
test results are based on EPA Test Method 5. The
average of seven particulate emission measurements
on the ESP outlet was 129.5 kg/hr (285.4 1lb/hr)
(extrapolated weight) and the corresponding
allowable emission rate was 14.2 kg/hr (31.2
lb/hr). Therefore, compliance with the EPA par-
ticulate emission regulation requires the instal-
lation of an additional control system with an
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10.

89.07 percent efficiency [measured at 120°C
(250°F)] in series with the existing ESP [designed
to operate at 98.8 percent efficiency at 316°C
(600°F)].

During the three tests by Radian Corporation, the
particulate collection on the outstack filter at
120°C (250°F) was about 96.0 percent of the total
collected by the instack/outstack train. However,
the corresponding measurements in two runs by
Aerotherm determined that only 50 percent of the
total particulate is collected on the outstack .
filter of the instack/outstack filter train. This
difference could be due to the fact that Aerotherm
included the probe wash with "instack particulate,”
whereas Radian included the probe wash with
"outstack" particulate. The Radian definition is
the most logical.

It is not clearly explained why consistently
higher amounts of particulate are collected using
instack/outstack filter train than using only an
outstack filter according to EPA Method 5. An
average of 129.5 kg/hr (285.4 1b/hr) particulate
was measured during seven test runs using EPA
Method 5, and an average of 192.2 kg/hr (423.8
lb/hr) particulate was measured during two test
runs by Aerotherm using instack/outstack filter
train.

Arsenic in the gas is present as arsenolite.

Nearly all of the arsenic, 50 percent of the
selenium, and 30 percent of fluorine are dis-
charged together with the reverberatory furnace
off-gases. Arsenic and selenium escaping the
electrostatic precipitator are partly in the vapor
state, and nearly all of the fluorine escapes in

a gaseous state. Radian tests on an ESP inlet and
outlet wet electrostatic precipitator showed that
only about 28 percent of arsenic measured at
atmospheric temperature is collected by the exist-
ing ESP. Almost all the arsenic collected in the
ESP at the outlet was present as condensed mate-
rial. Arsenic measurements by Radian at 120°C
(250°F), using EPA Method 5, also showed the

efficiency of the existing ESP for arsenic to be
about 28 percent.
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11.

Measurement of particulate collection efficiency

of waste-heat boilers will help to define emission

characteristics of copper reverberatory furnace
gases. According to Radian Corporation measure-
ments of the total 86.2 kg/hr (190 lb/hr) of
arsenic entering the furnace, about 0.73 kg/hr
(1.6 1b/hr) is present in matte, 0.86 kg/hr (1.9
lb/hr) in slag, 34.5 kg/hr (76 1lb/hr) in the ESP
outlet, and 13.6 kg/hr (30 1lb/hr) in ESP hopper.
Another test measurement showed 63.5 kg/hr (140
1lb/hr) arsenic in the ESP off gases. That means
about 8 to 40 percent of the total arsenic in the
furnace gases may be precipitating in the waste-
heat boilers and flue leading to the ESP.
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1.0 INTRODUCTION

As a result of Petitions for Review filed by the Magma
Copper Company and Phelps Dodge Corporation, the Enforcement
Division of Region IX of the U.S. Environmental Protection
Agency (EPA) is coordinating a study of copper smelters in
the region. The purpose of this study is to review and
analyze the basis for and the reasonableness of the EPA
Process Weight Regulation [40 CFR 52-126(b)] as it applies
to the Magma smelter in San Manuel, Arizona; to the Phelps
Dodge copper smelter in Ajo, Arizona; and generally to all
copper smelters in Region IX.

EPA Region IX provided us with the following documents
which contain emission data of existing control systems on
the smelters at Magma Copper Company and at Phelps Dodge
Corporation:

1. National Enforcement Investigations Center and

Region IX. Emission Testing at the Magma Copper
Company Smelter, San Manuel, Arizona, May 12-22,

1976. EPA-330/2-76-029, U.S. Environmental Pro-
tection Agency, August 1976.

2. National Enforcement Investigations Center.
Ancillary Tests at Magma Copper Company Smelter,
San Manuel, Arizona, conducted on May 14-18, 1976.

3. Chronology of Enforcement Actions by EPA on Magma
Copper Company, San Manuel, Arizona.

4, Environmental Protection Agency. State Imple-
mentation Plan Inspection of Phelps Dodge Cor-
poration New Cornelia Branch Smelter, Ajo, Arizona.
May 1976.



5. Radian Corporation. Trace Element Study Around
the Reverberatory Furnace and the Electrostatic
Precipitator of a Primary Copper Smelter (Pre-
liminary draft). EPA Contract 68-01-4136, U.S.
Environmental Protection Agency, Cincinnati, Ohio,
May 9, 1977.

6. Acurex Corporation/Acrotherm Division. Stack test
results at Phelps Dodge Corporation, Ajo, Arizona.
EPA-68~01-3158, U.S. Environmental Protection
Agency, Region IX, San Francisco, California
94111, March 1977.

7. Chronology of Enforcement Actions by EPA on Phelps
Dodge Corporation, Ajo, Arizona.

8. Southern Research Institute. Performance Evaluation
of an Electrostatic Precipitator Installed on a
Copper Reverberatory Furnace. EPA Order No. CA-6-
99-2980-J, U.S. Environmental Protection Agency,
IERL, Cincinnati, Ohio, January 14, 1977.

From time to time EPA Region IX also supplied additional
information as requested.

It should be noted that many of these documents contain
data on tests conducted for compliance purposes, and they
lack information on conditions at the inlet of the smelter
control systems. These data can be used to evaluate addi-
tional control requirements for the smelters' compliance
with the process weight regulation. They are, however,
insufficient to determine any new control system alternatives
for smelter compliance.

Based on available information of the process weight
rates to the reverberatory furnace, the allowable emission
rates have been determined by the process weight regulation
40 CFR 52.126(b) for the Magma Copper Company and Phelps
Dodge Corporation. Using emission test data on the existing
control system exit and on the allowable emission rate, the

required additional control efficiency has been estimated.



After discussing available emission test data with members
of the Industrial Gas Cleaning Institute (IGCI), it was
decided to evaluate dry and wet electrostatic precipitators,
fabric filters, and wet scrubbers as an add-on control
system for each smelter. The process weight regulation
requires the flue gas particulate content to be measured at
about 120°C (250°F). When the flue gas temperature is
reduced from a higher temperature to about 120°C (250°F),
its particulate matter consists of material that has con-
densed from the vapor phase to the solid phase. For these
reasons it was also decided to cool the gas from the existing
control system to 120°C (250°F) before treating it in an
additional system.

Specifications for each add-on control system on
individual smelters were prepared on the basis of emission
data from available reports. The data included such informa-
tion on inlet conditions as gas volume flow rate, temperature,
moisture content, gas composition, and particulate size
analysis, as well as the required control efficiency and the
allowable emission rates. The specifications were sent to
selected IGCI members with a request for capital and annual
operating cost data and design data for the add-on controls.
These data were tabulated.

PEDCo Environmental, Inc., inspected the operation,
existing control equipment, and space available in the
vicinity of each smelter.

Section 2.0 of the report describes the reverberatory
furnace process and control systems of the Magma and Phelps
Dodge copper smelters. The section also presents the
chronology of EPA enforcement actions on these smelters.

Section 3.0 summarizes emission test data obtained from

the available documents.



Section 4.0 presents evaluations of the different add-
on control systems designed for the compliance of the smelters
under discussion. The evaluations cover two fabric filters,
three wet scrubbers, three dry electrostatic precipitators,
and one wet electrostatic precipitator for each smelter.
The evaluations present the design parameters, capital
costs, and annual operating costs for each system. The
fabric filter costs include a gas cooling system, fabric
filter, necessary ductwork, and fan; the scrubber system
costs include a gas cooling system, scrubber, wet particulate
waste treatment equipment necessary duckwork, and fan; and
the dry and wet electrostatic precipitator costs include a
gas cooling system, precipitator, necessary ductwork, and
fan but do not include dry waste treatment (or disposal)
equipment.

Appendix A is a table for converting English into
metric units. Appendix B and Appendix C contain the add-on
control system specifications for Magma Copper Company and
Phelps Dodge Corporation, respectively. Appendix D contains
the New Source Performance Standards for Primary Copper
Smelters, the EPA Process Weight Regulation for existing
copper smelters in the Phoenix - Tucson Air Quality Control
Region, the EPA Test Methods 1-8 and the ASME "Test Code For
Determining The Dust Concentration in a Gas Stream." Appen-
dix E contains memorandums on the PEDCo's trips to the Magma
Copper company and Phelps Dodge Corporation.



2.0 PLANT AND PROCESS DESCRIPTIONS

2.1 MAGMA COPPER SMELTER -~ SAN MANUEL, ARIZONA*
2.1.1 Plant Description

The Magma Copper Company operates an underground mine,
concentrator, smelter, electrolytic refinery, and continuous
casting rod plant in the vicinity of San Manuel, Arizona.
Products include electrolytically refined copper, copper
rod, sulfuric acid, and molybdenum. Average anode copper
production averages 613 to 635 metric tons (675 to 700 tons)
per day.

Figure 2-1 is a simplified process flow diagram of the
Magma smelter. Table 2-1 lists the major smelter process
equipment and operating data, and Table 2-2 describes and
provides operating data on the electrostatic precipitator
(ESP's) used for air pollution control.

Concentrate is conveyed by belt from the concentrator
to storage bins above the three reverberatory furnaces at
the smelter. Limerock is added to the concentrate in the
storage bins, and silica rock is stored in adjacent bins.
The concentrate and flux (limerock or silica rock) are moved
by belt conveyor from the storage bins to hoppers above and
adjacent to the side walls of the three reverberatory fur-
naces. Charging doors are opened and the material is fed to

the reverberatory furnaces by gravity flow.

This discussion is based mainly on information from Emis-
sion Testing at the Magma Company Shelter, San Manuel,
Arizona, by the National Enforcement Investigations Center.
EPA-330/2-76-029. May 2-22, 1976. Figure 2-1 and Tables
2-1 and 2-2 have been adopted from the EPA report with
minor changes.
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Table 2-1. SMELTER PROCESS EQUIPMENT AND OPERATING DATA FOR
MAGMA COPPER COMPANY, SAN MANUEL, ARIZONA
Parameter Reverberatory furnaces® Convertefsb
Feed rate: metric metric
tons/day tons/day tons/day tons/day
Concentrates 2004 2208
Flux 202 222 251 276
Converter slag 1089 1200
Matte - -
Flue dust NA NA
Total 3295 3630 1504 1656
Size of unit: meters feet meters feet
Width c c
Length 31 102 10.7 35
Height 3.4 11
Diameter d d
Gas volume gen- m3/min cfm m3/mine cfm®
erated at Std.
conditionsf: 8200 289,500 3 at 690 | 3 at 24,500
3 at 1070 | 3 at 37,700
Exit gas 260°C 500°F 704°C 1300°F9
temperature:
@ Three units operating 720 to 744 hours per month.
b Six units operating an estimated 432 hours (60% of 720) per

month per converter.

The respective widths of each of the three reverberatory
furnaces are 9.8 m (32 ft), 10.4 m (34 ft), and 11.0 m (36 ft).

Three of the six converters are 4 m (13 ft) each in diameter,
and the remaining are 4.6 m (15 ft) each.

Undiluted maximum gas flow per converter. Units do not
usually operate simultaneously under peak flow conditions.

£ Standard conditions are 760 mm Hg (14.7 psia) and 21°C (70°F).

Maximum temperature reached during final copper blow.



Table 2-2. REVERBERATORY FURNACE AIR POLLUTION CONTROL EQUIPMENT AND OPERATING
DATA, MAGMA COPPER COMPANY - SAN MANUEL, ARIZONA
11 Reten-

Gas flow Operating | Pressure Collection tion

control insEZfiagfon/ Eﬁit:f N rate, 2 temp. drop area Velocity time

device Manufacturer modification |and stages m3/min scfm °C °F | cmb |inbP m2 ft2 m/sec | ft/sec| sec
ESP Research-Cottrell 1975 1-4c stages 2730 96,500 260 500 6780] 72,900

4 to to 0.9(0.35 1.1 3.57 |7.56
1-6  stages 5470 [193,000 354 670 13,540 (145,800

Water

a0 oo

column.

West unit.

East unit.

Estimated gas flow through individual units (Basis for estimate unknown).



On the inside, the three reverberatory furnaces are 31
m (102 £t) long and 3.5 m (11 ft) high. The widths are 10,
10.5, and 11 m (32, 34, and 36 ft) for Furnaces 1, 2, and 3,
respectively. Although normally fired with natural gas,
fuel o0il is used when gas delivery is interrupted. Work is
currently underway to convert to coal firing.

The reverberatory furnace walls are made of basic
brick. At the slag line, 76 copper water jackets 0.6 m (2
ft) high by 1.5 m (5 ft) long nearly surround three sides of
the furnaces. The suspended-arch roof also is constructed
of basic brick. The walls and arch are maintained by re-
placing brick; no hot patching is used.

Although the depth of molten material actually varies
among the three furnaces, normal slag depth is approximately
102 cm (40 in.) and normal matte depth is approximately 38
cm (15 in.). Slag is tapped near one end of each furnace
and flows through a launder into slag pots, which are hauled
by rail to the slag dump. Matte is tapped nearer the center
of the furnaces, depending on converter or reverberatory
furnace conditions, and carried in a launder one floor below
the furnaces. The matte drops by gravity off the launder
into ladles resting on a pallet, which is moved into the
converter aisle by an electric winch and cable unit.

The matte ladles are picked up by an overhead crane and
charged to one of six Peirce-Smith converters. Converters
1, 2, and 3 are 4 by 11 m (13 by 35 ft), and Converters 4,
5, and 6 are 4.5 by 11 m (15 by 35 ft). An initial charge
to a converter normally consists of two to four ladles of
matte. Air is blown through tuyeres into the charge, flux
is added, and the slag produced is skimmed into a ladle.

The slag is then returned by overhead crane to one of the



reverberatory furnaces. Additional matte is added to the
converter until a total of approximately 65 metric tons (70
tons) of blister copper is produced.

The blister copper is poured into ladles, then carried
by overhead crane to one of four anode furnaces, two of
which are 4 by 9 m (13 by 30 ft), and the other two, 4 by 11
m (13 by 35 ft). Additional air is blown through tuyeres
into the charge to assure complete oxidation. Reformed
natural gas or propane is then introduced through the tuyeres
for final copper reduction. The refined copper is cast into
anodes of approximately 360 kg (800 1lb) on either of two
casting wheels. The anodes are cooled, inspected, and
transferred to the electrolytic refinery.

2.1.2 Emissions Sources and Reverberatory Furnace Control
Equipment ' ‘

The primary particulate sources at the smelter are the

reverberatory furnaces and the converters, the majority of
whose exhaust gases are treated by control systems. Fugitive
emissions from feeding concentrates, skimming converter
slag, or returning converter slag, however, are neithér
collected nor treated; they are exhausted directly to the
atmosphere. The reverberatory furnace matte and slag tap
areas are hooded, and collected gases containing particulate
matter are exhausted untreated directly to individual
stacks above the building. Converter "smoke" not collected
by the primary hood system is likewise released directly to
the atmosphere. The anode furnaces also emit some untreated
particulate matter directly to the atmosphere above the
converter aisle.

The principal reverberatory furnace exhaust gases pass
through a pair of waste-heat boilers following each furnace.

The partially cooled gases are then combined into a common



duct before entering the plenum chamber of two parallel

ESP units. The unit called the "east ESP" is designed to
handle about two-thirds of the gas volume, and the other
called the "west ESP" is designed to handle one-third.
Shortly after installation, however, the perforation plates
between the plenum and the ESP units were removed because of
excessive plugging. Assuming that gas flow distribution is
actually as designed, the east ESP handles 5470 m3/min
(193,000 scfm), and the west ESP handles 2730 m3/min (96,500
scfm), as shown in Table 2-2. The east ESP consists of six
stages with a total collection area of 13,540 m2 (145,800
ft2), whereas the west ESP consists of four stages with a
total collection area of 6780 m2 (72,900 ft2). Average gas
velocity is 1.1 m (3.6 ft)/sec and retention time is less
than 8 sec. The pressure drop across each ESP is 0.8 cm
(0.35 in.) H20 maximum. The exit gas stream is exhausted to
a 157-m (515-ft) stack for discharge to the atmosphere.

2.1.3 Chronology of Enforcement Actions for Magma Copper
Company at San Manuel, Arizona

Table 2-3 presents a chronology of enforcement actions
by the EPA.

2.2 PHELPS DODGE COPPER SMELTER - AJO, ARIZONA*
2.2.1 Plant Description

The New Cornelia Branch of the Phelps Dodge Corporation
operates a mine, concentrator, and smelter at Ajo, Arizona,
for the production of anode copper from a chalcopyrite
(copper-iron sulfide) concentrate. During 1975, production
averaged 165 metric tons (185 tons)/day.

*
This discussion is based mainly on information from State

Implementation Plan Inspection of Phelps Dodge Corporation,
New Cornelia Branch Smelter, Ajo, Arizona, by the Environ-
mental Protection Agency, May 1976. Figure 2-2 and Tables
2~-3 and 2~4 have been adapted from the EPA report with
minor changes.



Table 2-3.

CHRONOLOGY OF ENFORCEMENT ACTIONS -

MAGMA COPPER COMPANY, SAN MANUEL, ARIZONAZ

Date

Action

May 14, 1973

July 13, 1973
September -
November, 1973
April 3, 1974
December 12, 1974

January 6, 1975

March 5, 1975

June 11, 1975

October, 1975

November 26, 1975

December 31, 1975

January 30, 1976

May 12-22, 1976

EPA promulgated process weight regula-
tion 40 CFR 52-126(b).

EPA notified company by letter of
process weight regulation requirements.

Company submitted proposed compliance
schedules.

EPA held public hearing in Phoenix on
proposed compliance schedule.

EPA approved compliance schedules for
converters and reverberatory furnaces.

Magma notified EPA of vidlations
of both compliance schedules.

EPA issued consent order to company.

Company submitted test results of
converter-side acid plant. Compliance
demonstrated. '

Company conducted tests in reverberatory
furnace stack, which showed emissions to
exceed allowable by a factor of 20 to
30.

Company filed Petition for Reconsidera-
tion and Revision of process weight
regulation (EPA).

Letter from P. DeFalco, Administrator of
Region IX, EPA, to H.A. Twitty, Attorney
for Magma Copper Company, stated that

Region IX would review the process weight
regulation.

National Enforcement Investigations Center
(NEIC), Office of Air Quality Planning
and Standards (OAQPS), and Region IX

EPA personnel visited the smelter.

Smelter was tested by EPA and NEIC team.

2 provided by Larry Bowerman of EPA Region IX.

{Continued)

2-8



Table 2-3. (continued) CHRONOLOGY OF ENFORCEMENT

ACTIONS - MAGMA COPPER COMPANY, SAN MANUEL, ARIZONA

Date Action

March 28, 1977 R.L. O'Connell, Director of Enforcement
Division, EPA, sent letter pursuant to
Section 114 to Magma Copper Company, re-
questing further information about particu-
late removal systems installed for reverbera-
tory furnace gases.

May 18, 1977 Magma Copper Company responded to EPA letter
of March 28, 1977.




Figure 2-2 is a simplified process flow diagram for
this smelter. Table 2-4 lists the major smelter process
equipment and operating data, and Table 2-5 lists the air
pollution control equipment and operating data. Concentrate
is delivered by a belt conveyor, 6l-cm (24-in.) wide, from
the New Cornelia concentrator to the smelter, where it is
dried in a rotary dryer fired either by natural gas (when
available) or by diesel fuel.

As it enters the smelter building, the belt-delivered
concentrate is mixed with limestone flux in predetermined
proportions, then bedded. When available, dust from the
collectors is also added to the concentrate and crushed
limestone. Concentrates from other copper concentrators
(notably Tyrone, Bagdad, and Bruce) and copper precipitates
from the Phelps Dodge Tyrone operation are also bedded as
available.

The various materials to be smelted are put into 9-
metric-ton (10-ton) "cans," which are large cylindrical con-
tainers used to charge the reverberatory furnace. The
filled can is moved by an overhead crane either to storage
or to one of six furnace-charging stations for a single
reverberatory furnace.

The reverberatory furnace, which is 30 m (100 ft) long
and 9 m (30 ft) wide on the inside, is mounted on a heavily
reinforced concrete foundation. Although the furnace nor-
mally fires natural gas, it can run on fuel o0il if gas
delivery is interrupted.

Reverberatory furnace walls are made of silica brick,
with an interior protective surface of basic brick and, in
the area of the crucible, a mixture of tamped periclase and
firebrick. The walls also include copper water jackets, 51

cm (20 in.) high, immediately above the crucible. The
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Figure 2-2. Process flow diagram for Phelps Dodge Corporation plant, Ajo, Arizona.
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Table 2-4.

SMELTER PROCESS EQUIPMENT AND OPERATING DATA -

PHELPS DODGE CORPORATION, AJO, ARIZONA

Parameter

Reverberatory furnace

Converters

Number of units

Feed rate:
Concentrates
Precipitates
Limestone
Reverts
Converter slag
Matte
Flux (siliceous)
Reverts

Size of unit:
Wwidth
Height
Length
Diameter

Hours of operation/month

Gas volume generated

Exit gas temperature

1

613 metric tons/day
(676 tons/day)

431 metric tons/day
(475 tons/day)

9.2 m (30 ft)
3.4 m (11 ft)
0.5 m (100 ft)

624
220 m3/min
(77,900 scfm)

309°C (588°F)2

3

725 metric tons/day
(799 tons/day)

9 m (30 ft)
4 m (13 ft)

522

1100 m3/min
(39,500 scfm)

340°C (650°F)°

2 per recorder following waste-heat boilers.

Per estimate following waste-heat boilers.
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Table 2-5. REVERBERATORY FURNACE AIR POLLUTION CONTROL EQUIPMENT AND

OPERATING DATA, PHELPS DODGE CORPATION - AJO, ARIZONA

. Reten-
Date of No. of Gas flqw Operating gressu;eo Collection Velocit tion
Control installation/| units T rate, temp., rop. %2 - area, , elocity, time,
deviced Manufacturer modification [and stages m”/min scfm °C °F cm | in, m ft m/sec | ft/sec| sec
ESP Western 8/73 2 2200 77,900 309 588 1.3{0.5 |1927 120,738 0.9 3.0 6.6
Precipitator (with 2 each
(Type R) stages unit Inlet
each)
230 450
Outlet
Scrub- 1/75 1 700 | 25,000 200 400 3.8(1.5 NAd NA NA
bersb.c to to to to
1200 [43,000 290 550
Inlet
52 125
to to
66 150
Outlet
Liquid 7/74 1 1100 | 38,500 32 90 Unknown NA NA NA
S0O2 e
plant

Scrubbers and liquid SO; plant are not operating at present.

Only includes humidifying tower, not the cooling tower, preceding liquid 50, plant.

Design and construction by Stearns-Roger 1in collaboration with Monsanto; no special type or model number designated.
NA - Not applicable.

DMA process developed by ASARCO; engineering and construction by Stearns-Roger.



reverberatory furnace roof is a sprung arch constructed of
silica brick. The furnace walls and arch are maintained by
hot patching with silica slurry.

The following procedure is followed in charging the
reverberatory furnace. A container of concentrate is posi-
tioned at one of the six charging stations. Then the bottom
gates of the container are opened, and the charge falls into
a small feed hopper of the charging machine (referred to as
a "slinger") immediately below. (The slinger is a short,
high-speed, portable belt conveyor pivoted on a vertical
shaft to permit lateral swinging.) The concentrate falls
from the feed hopper onto the rapidly moving belt and is
discharged into the furnace as it moves over the belt pul-
ley. The usual charge is 1.8 to 3.6 metric tons (2 to 4
tons), fed at an average rate of approximately 0.9 metric
ton (1 ton)/min.

Normal depth of the molten material in the furnace is
approximately 120 cm (46 in.), of which 66 to 76 cm (26 to
30 in.) is matte. Slag is tapped through the side wall and
flows through a launder into slag pots, which are hauled by
rail to the slag dump. Matte is tapped, as required by
converter or reverberatory furnace conditions, into ladles
resting on electric-powered trucks which can be moved into
the converter aisle.

The matte ladles are picked up by overhead crane and
charged to one of three Peirce-Smith converters measuring 4
by 9 m (13 by 30 ft). The initial charge to a converter
normally consists of four ladles of matte weighing 14 metric
tons (16 tons) each. Air is blown through tuyeres into the
charge, flux is added, and the slag produced is skimmed into
a ladle. The converter slag is then returned to the rever-

beratory furnace by the overhead crane. Additional matte is



added to the converter to produce a total of approximately
50 metric tons (55 tons) of light blister copper.

The light blister copper is poured into ladles and
carried by overhead crane to a Great Falls converter, 4 m
(12 ft) in diameter, that has been modified to serve as a
holding furnace for final oxidation. The charge in the
oxidizing furnace is air-blown through tuyeres to complete
sulfur removal. Final oxidation in a holding furnace is
considered necessary to prolong brick life in the converters
and anode furnaces.

Following completion of oxidation in the modified Great
Falls converter, the copper is transferred to the anode
furnace, which is 9 m (30 ft) long and 4 m (13 ft) in diam-
eter. Reformed natural gas (cracked methane) is introduced
through tuyeres for final copper reduction. The anode-grade
molten copper is cast into 330-kg (720-1b) anodes on a 22-
mold casting wheel. Anodes are cooled, inspected, and
loaded on flat rail cars for shipment to the Phelps Dodge
refinery in El Paso, Texas.

2.2,2 Emission Sources and Reverberatory Furnace Control
Equipment

The primary particulate sources at the Ajo smelter are
the reverberatory furnace and the converters. Although most
of the exhaust gas produced by these sources is treated
before exhausting to the atmosphere, fugitive emissions escape
from feeding concentrates, skimming converter slag, or
returning converter slag. Though the reverberatory furnace
matte and slag tap areas are hooded, the collected particu-
late-laden gases are simply exhausted to the smelter main
stack. Similarly, converter "smoke" not captured by the
primary hood system is taken by a secondary hood system

directly to the smelter main stack. The oxidizing and anode
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furnaces also exhaust particulate-laden emissions directly
to the atmosphere above the converter aisle.

The principal reverberatory furnace exhaust gases pass
through a pair of waste-heat boilers before entering a
common plenum chamber for the two independent and parallel
ESP units. The two units were designed to handle 4200
m3/min (150,000 acfm) total volume at 315°C (600°F) and 95
kPa (13.8 psia), but typical gas flow is 4640 m3/min (164,000
acfm) at about 309°C (588°F). Each ESP unit consists of two
stages with a total collection area of 1930 m2 (20,700 ftz).
Average gas velocity is 0.9 m/sec (3 ft/sec), and treatment
retention time is less than 7 sec. The maximum pressure
drop across a unit is 1.3 cm (0.5 in.) HZO'

Originally, gas cleaning equipment was installed to
direct about 50 percent [1100 m>/min (38,500 scfm)] of the
ESP exit gas stream through a DMA (dimethylaniline) sulfur
dioxide (802) absorption plant, and the other half was ex-
hausted to the 110-m (360-ft) main stack of the smelter.

The duct work for directing ESP exit gas to the the DMA
absorption plant is now blanked off, and the entire gas
stream from the ESP outlet is discharged through the main
stack to the atmosphere.

In the DMA plant, which is now inoperative, the gas
stream first enters a humidifying tower for evaporative
cooling by a weak acid solution and removal of some of the
residual particulate matter. The gases then enter a cooling
tower, where a weak acid solution percolates down through
packing, which cools the ascending gases and removes more of
the remaining particulate matter. After passage of the
exhaust gases through a mist precipitator for removal of
acid mist and remaining dust particles, the cleaned gas
stream enters the DMA absorption tower for 802 removal. The

acid scrubbing section of the DMA absorption tower removes



any acid mist that is formed before the gas stream is
discharged to the atmosphere through a 15-m (50-ft) stack
atop the tower.

2.2.3 Chronology of Enforcement Actions for Phelps Dodge
Copper Smelter at Ajo, Arizona

Table 2-6 presents a chronology of enforcement actions
by the EPA.



Table 2-6.

CHRONOILOGY OF ENFORCEMENT ACTIONS -

PHELPS DODGE COPPER COMPANY, AJO, ARIZONA?Z

Date

Action

May 14, 1973
July 13, 1973

January 23, 1974

March 24, 1975

May 5 and 6, 1975

June 30, 1975

August 28, 1975

September, 1975

October 1, 1975

October 6, 1975

EPA promulgated process weight regula-
tion 40 CFR 52-126(b).

EPA notified company by letter of process
weight regulation requirement.

Company notified EPA that it considers
itself to be in compliance with process
weight regulation. No stack test re-
sults submitted.

EPA sent company a Section 114 letter
requiring stack test results be sub-
mitted to demonstrate compliance.

Company submitted test results. The
results showed emissions that were
about three times allowable emissions.

EPA issued a Notice of Violation.

A conference was held between EPA,
Phelps Dodge, and Arizona State Agency.

Company conducted new emission tests,
which showed the emissions were 3.3
times the allowable emissions.

Company filed Petition for Review of
Process weight regulation (Ninth Circuit).

Company filed application for stay
pending EPA review.

a ,
Provided by Larry Bowerman of EPA Region IX.

(Continued)



Table 2-6 (continued).

Date

Action

October 17, 1975

November 5, 1975

November 28, 1975

January 15, 1976

April 7, 1976

July 5-16, 1976

July 15-30, 1976

March 28, 1977

May 9, 1977

Company submitted Petition for Reconsidera-
tion and Revision to EPA.

Letter from Russell E. Train (Administrator,
EPA) to Senator Goldwater stated that EPA
had agreed to review any new information
submitted by Phelps Dodge involving the pro-
cess weight regulation.

Letter from P. Defalco, Administrator of EPA
Region IX to John F. Boland, Jr., advised
that Region IX would review the process
weight regulation and that enforcement action
was stayed.

National Enforcement Investigations Center
(NEIC), Office of Air Quality Planning and
Standards (OAQPS), and Region IX EPA per-
sonnel visited the smelter.

Letter from R.L. O'Connell, Director of En-
forcement Division, EPA, to D.H. Orr, Manager,
New Cornelia Branch, Phelps Dodge Corporation,
indicated installation of sampling facilities
was required pursuant to Section 114.

Extensive testing was conducted by EPA con-
tractors (Southern Research Institute and
Radian) at the reverberatory furnace electro-
static precipitator.

Extensive testing was conducted by EPA con-
tractor (Acurex Corporation/Aerotherm
Division) at the reverberatory furnace ESP
Outlet, and acid plant outlet, and main
stack.

Letter pursuant to Section 114 from O'Connell,
Director of Enforcement Division, EPA, to
Phelps Dodge regquested further information
about installation of particulate-removal
systems reverberatory furnace gases.

Phelps Dodge responded to EPA letter of
March 28, 1977.




3.0 EMISSION TEST DATA

3.1 ANALYSIS OF ELECTROSTATIC PRECIPITATOR PERFORMANCE
DATA ON REVERBERATORY FURNACE AT MAGMA COPPER
COMPANY, SAN MANUEL, ARIZONA

At the request of EPA Region IX, the National Enforce-
ment Investigations Center (NEIC) in Denver conducted emis-
sion tests from May 14 to 18, 1976, on the reverberatory
furnace stack of the Magma Copper Company in San Manuel,
Arizona, to determine compliance with the process weight
regulations, and again from May 19 to 21, 1976, to evaluate
the effect of temperature on the formation of particulate.
Before these tests, Magma Copper had also conducted com-
pliance tests on the furnace stack (July 30 and 31, 1975).

Design parameters of reverberatory furnace ESP's,
actual performance data, and compliance test data (by both
NEIC and Magma Copper) are presented in Table 3-1.

At the San Manuel smelter, reverberatory furnace ex-
haust gases pass through a pair of waste-heat boilers fol-
lowing each furnace. The partially cooled gases are then
combined in a common duct before entering the plenum cham-
bers of the two separately housed units of the ESP.

The two-unit ESP was manufactured by Research Cottrell
and installed in 1975. It is designed for 98 percent
particulate removal, based on the ASME test methods. Com-
pliance testing and results on the ESP are discussed in the
following paragraphs.

NEIC Compliance Test Conducted May 14-18

Using EPA Method 5, NEIC conducted sampling tests on

the reverberatory furnace stack as a part of compliance



Table 3-1. SUMMARY OF PARTICULATE EMISSION DATA FOR ELECTROSTATIC PRECIPITATOR

ON REVERBERATORY FURNACE-MAGHMA COPPER COMPANY,

SAN MANUEL, ARIZONA

s

Compliance tests

EPA compliance

Design Actual conducted by company, tests by NEIC
Item (1)a (1) Oct. 30-31, 1975 (2} May 14 to 18, 1976 (3)
ESP manufacturer Research Cottrell
ESP inlet conditions
Volume flow at continuous
rating, actual: m3/min 15,800 (calc.) 15,800 (calc.)
(acfm) (560,000) (560,000)
standard: m3/min 8040 8040
(scfm) (284,000) (284,000)
Temperature: °C 260-354 | 260-354
(°F) (500-670) (500-670)
Gas dust loadings:
by instack filter, B
g/m3 1.91 1.91
(gr/scf) (0.836) (0.836)
kg/hr 922 {calc.) 922 (calc.)
(1b/hr) (2035, cale.) 2035, calc.)
by instack/ontstack filter,
g/m3
(gr/scf)
kg/hr
(1b/hr)
by EPA Test Method 5,
g/m3
{gr/scf)
kg/hr
{1b/hr)

ESP outlet conditions

volume flow at continuous
rating, actual: m3/min

18,280 (calc.) 18,160 (calc.)
(acfm) (645,500, calc.) (641, 200, calc.)
standard: m3/min 9378b 9316c
(scfm) (331,200)b (329,000)C
Temperature °C 300 3n0
(°F) (573) (573)

{Continued)



Table 3-1 (continued).

Compliance tests

EPA compliance

Design Actual conducted by company, tests by NEIC
Item (1)a (1) Oct. 30-31, 1975 (2) May 14 to 18, 1976 (3)
by instack filter,
g/m3 0.02869
(gr/scf) (0.01254)
kg/hr 14.04 (calc.)
(1b/hr) (30.53, calc;)
by EPA Test Method 5,
g/m3 0.275 to 0.898d 1.76€
(gr/scf) 10.120) to 0.3924) (0.77)
kg/hr 158 to 486 990f
(1b/hr} (349 to 1071) (2180)
ESP control efficiency, % 98.09
Allowable emissions,
g/m3 0.032 (calc.)
(gr/scf) (0.014)
kg/hr 18
(1b/hr) (39.7)
At ESP outlet
SO, emissions, ppm 5400h
kg/hr 8100
(1b/hr) (17,820)
S03 emissions, ppm 15.91
kg/hr 30
{1b/hr) 66.2)
Moisture content, volume percent 8.7
CO; volume percent 4.03
02 volume percent (14.17)
Metal analysis, kg/hr, (lb/hr)?
Tin (Sn) 0.072 (0.16)
Arsenic (As) 2.34 (5.2)
Cadmium (C4) 0.11 (0.25)
Chromium (Cr) 0.045 (0.10)
Copper (Cu) 4.32 (9.8)
Lead (PB) 1.55 (3.4)
Mercury (Hg) 0.027 (0.06)
Molybdenum (Mo) 0.37 (0.81)
Nickel (Ni) 0.014 (0.03)
Selenium (Se) 0.59 (1.3)
Vanadium (V) k
Zinc (2Zn) 2.34 (5.2)

(Continued)



Table 3-1 (continued).

Footnotes

8 Numbers in parenthesis represent corresponding reference listed.

Average of four compliance test runs conducted by Magma on October 30 and 31, 1975. Included in Appendix
A, Magma Petition for Revision Table 1, page 4. NEIC report.

¢ Average of three_ compliance tests conducted by NEIC from May 14-22, 1976. The actual flow rates were 9770,
8864, and 9298 m3/min (345,000, 313,000, and 328,300 scfm) respectively.

d Actual emissions during four compliance tests conducted by Magma on October 30 and 31, 1975 were 0.75, 0.50,
0.28, and 0.90 g/m3(0.3268, 0.2202, 0.1201, and 0.3924 gr/scf respectively. 1Isokinetic conditions were not

met during all the tests.

Average of three test runs [1.63, 1.95, and 1.63 g/m3 (0.71, 0.85, and 0.71 gr/scf)) conducted.

Actual emissions during the three tests were 948, 1111, and 907 kg/hr (2090, 2450, and 2000 1lb/hr).

Baséd on instack filter tests.

Average of three test runs. Actual measurements were 4500, 6670, and 5030 ppm respectively.

Average of three test runs. Acutal measurements were 12.8, 16.2, and 18.7 ppm respectively.

Metals identified in particulates collected by EPA Method 5 in ESP outlet during the second compliance test
run.

Filter zinc results are questionable.

LS = T~ I I ]

Reference

1) State Implementation Plan Inspection of San Manuel Division Smelter, Magma Copper Company, San Manuel,
Arizona. June 1976. In: Emission Testing at the Magma Copper Company Smelter, San Manuel, Arizona,
by National Enforcement Investigations Center. EPA-330/2-76-029. May 2-22, 1976.

2) Appendix A, Magma Petition for Revision In: Emission Testing at the Magma Copper Company Smelter,
San Manuel, Arizona, by National Enforcement Investigations Center. EPA-330/2-76-029. May 2-22, 1976.

3) Test Results. In: Emission Testing at the Magma Copper Company Smelter, San Manuel, Arizona, by
National Enforcement investigations Center. EPA 330/2-76-029. May 12-22, 1976.



testing at the San Manuel smelter. During the test program,
NEIC also collected process input data for calculating the
allowable emissions from the reverberatory furnace.

Three valid sampling runs were reported, using the four
available sampling ports at the 80-m (262-ft) level of the
157-m (515-ft) stack. These test runs were performed within
the isokinetic range of 90 to 110 percent. The sample
volumes collected during these test runs were 1.692, 1.698,
and 1.632 m° (59.76, 59.97, and 57.63 ft3) with process
inputs of 159, 157, and 169 metric tons/hr (176, 173, and
186 tons/hr) respectively. The sample from Run 2 was also
analyzed for its metallic content.

Table 3-2 presents particulate emissions computed from
the test data, and allowable emissions calculated from

process weight input data.

Table 3-2. PARTICULATE EMISSION DATA

Actual particulate Allowable particulate
emissions emissions
Run kg/sec 1b/hr kg/sec 1lb/hr
1 .263 2090 .005 39.6
2 .309 2450 .005S 39.5
3 .252 2000 .005 39.5
Average . 275 2180 .005 39.5

Table 3-3 lists quantities of metallic elements detected
in the filter catch and acetone wash of Run 2, the principal
ones being copper, lead, arsenic, and zinc. The amount of
arsenic caught in the impinger of the sample train was
insignificant compared with that caught in the filter.

During the three tests, the gas moisture contents measured

8.9, 8.3, and 8.9 volume percent respectively. Sulfur



Table 3-3. ANALYSIS OF METALLIC ELEMENTS IN GAS

SAMPLE RUN 2

Amount detected,a Emission rate,
Element ug g/hr | 1b/hr
Tin (Sn) 228 74.4 0.16
Arsenic (As) 7,200 2,375 5.2
Cadmium (CQ) 340 112 0.25
Chromium (Cr) 144 47.3 0.10
Copper (Cu) 13,500 4,453 9.8
Lead (Pb) 4,700 1,550 3.4
Mercury (Hg) 76 25.0 0.06
Molybdenum (Mo) 1,110 367 0.81
Nickel (Ni) | 36 11.7 | 0.03
Selenium (Se) 1,790 590 1.3
Vanadium (V)b
Zinc (2Zn)€ 7,200 2,375 5.2
8 Includes both filter and acetone wash.
b Vanadium results below background levels observed in the
blank filters.
c

Zinc results include only acetone catch. The filter zinc

results are questionable because of the high zinc levels
found in the blank filters.

3-6



dioxide emissions were about eight times greater than
particulate emissions. Table 3-4 gives the amounts of S0,

and 803 in the sample tests as calculated by NEIC.

Table 3-4. SULFUR DIOXIDE EMISSIONS

S02 conc. SO, emission | SO3 conc. | SO3 _emission

Run ~ppm 1b/hr | kg/sec ppm l1b/hr | kg/sec

1 ‘ 4500 15,680 1.97 12.8 56.1 0.007

2 6670 21,100 2.66 16.2 64.5 0.008

3 5030 16,700 2.10 18.7 78.0 0.010
Average 5400 17,820 2.25 15.9 66.2 0.008

The NEIC believes the reported values of sulfur dioxide
emissions are conservative, because the sulfur dioxide gas
dissolved in the first impinger (water) of the sample train
would not be detected by the sulfate analytical method
(i.e., SO2

emission results). No sulfate was found in the filter or

caught in Impinger 1 is not included in the SO2

acetone wash catches during the testing.

Based on the test results, NEIC concluded that the high
particulate concentration in the reverberatory furnace flue
gas indicates the ESP is not providing effective control.
According to the Magma Copper data, an average of 114 metric
tons (125 tons) of fines per day is recycled from the rever-
beratory and converter ESP's to the reverberatory furnace.
This amount is substantially less than the 218 metric tons
(240 tons) per day that would be collected by the rever-
beratory furnace ESP if it were operating at least at a 90
percent efficiency level. Recycle weights were not avail-
able to NEIC for the specific times during which tests were
conducted.

The average stack gas flow rate during the tests mea-
sured approximately 9313 m3/min (328,900 scfm) and the stack
temperature averaged 300°C (573°F).



NEIC Ancillary Test Data
NEIC conducted additional testing on the reverberatory

furnace stack on May 19 and 21, 1976, to evaluate the effect
of temperature on particulate formation. Five tests were
conducted using two sampling trains simultaneously in two
ports, one equipped with an instack filter in combination
with an outstack filter and the other with a standard Method
5 outstack filter. The sampling probes were about 5 ft
apart. Particulate was measured using the instackroutstack
filter train in the south port for the first three readings
and in the north port for the other two readings, while the
outstack filter train was kept in the west port throughout
the five runs. Based on these ancillary tests, NEIC reached
the following conclusions: a) particulate is apparently
formed as the reverberatory gases are cooled during sampling
from an average stack temperature of 274°C (526°F) to a
filter temperature of 120°C (250°F); (b) particulate sulfate
appears to be formed as the reverberatory gases pass through
the instack filter; and (c) simultaneous samples should be
obtained from sampling points as close to each other as
possible without causing aerodynamic disturbances, in order
to define the effect of temperature on particulate collec-
tion.

Sample times for the five runs varied from 10 to 58
3 (6 to 36
scf). The stack gas temperature measured during sampling
averaged 274°C (526°F) and ranged from 223° to 306°C (434°

minutes and sample volumes from 0.169 to 1.028 m

to 583°F), and the average gas moisture content was 8.8
volume percent with a 3.1 to 13.1 percent variation. Aall
measurements were made under isokinetic conditions.
Consistently less particulate was collected on the
outstack filter train during the first four runs than on the

outstack filter of the instack/outstack filter train.



During the five runs, the particulate collected by the
outstack filter train was 17.44, 61.57, 51.8, 52.34, and
139.29 percent of that collected on the instack/outstack
filter train. The particulate collected on the instack
filter of the instack/outstack train ranged from 1.4 to 49
percent. [In all cases, the particulate collected on the
instack filter at approximately 282°C (540°F) ranged from 2
to 44 percent of that collected by the outstack filter of
the other train.]

After further study of the tests for sulfate formation,
NEIC made the following observations: analyses performed on
the outstack filter of the instack/outstack train indicate
that from 19 to 57 percent of the particulate collected was
a sulfate material. No sulfates were found in the instack
filter nor on the filters for Runs 3, 4, and 5 of the
outstack train. The data do not explain why sulfates were
present in the front half of Runs 1 and 2 of the outstack
train, but not in Runs 3, 4, and 5. Analyses of Impingers
1, 2, and 3 indicated SO3
SO, concentrations of 2600 to 5000 ppm by volume. These

2
amounts show higher SO3 concentrations and lower 802

concentrations of 31 to 93 ppm and

concentrations than those observed during the compliance
testing. The arsenic content of Impinger 4 was insignifi-
cant (i.e., <0.01 wt. %) when compared to the arsenic con-
tent of the filter. (NEIC did not give the arsenic content
of the filter.)

Company-Conducted Compliance Tests on October 30 and 31, 1975

Since isokinetic conditions were not met during the
four company-conducted sampling tests, the results cannot be
considered valid. Even these test results, however, show
that actual particulate emissions far exceed the allowable

limits.



3.2 ANALYSIS OF ELECTROSTATIC PRECIPITATOR PERFORMANCE
DATA ON REVERBERATQRY FURNACE AT PHELPS DODGE CORPO-
RATION, AJO, ARIZONA

Since 1975, many tests have been conducted to determine
emission characteristics and control system performance of
the reverberatory furnace at the Phelps Dodge Corporation
smelter at Ajo, Arizona. Basic design parameters of the
ESP, actual data reported by Phelps Dodge, and data from
numerous field tests by Radian Corporation, Southern Research
Institute, and Aerotherm Corporation are summarized in Table
3-5.

After reverberatory furnace gases pass through the
waste-heat boilers, they are treated in an ESP at a tempera-
ture of approximately 315°C (600°F) and vented to the atmo-
sphere through the stack.

The ESP, manufactured by the Western Precipitation
Division of Joy Manufacturing Company, was installed in
August 1973. Design performance of the system was based on
measuring particulate at a system temperature of 315°C
(600°F) by the ASME test method. The system design does not
comply with EPA process weight regulations, which call for
ESP outlet particulates to be measured by EPA Method 5.

This method measures the particulate collected from the
stream at approximately 120°C (250°F).

Detailed analyses of various tests and their data are
presented in the following sections.

Radian Corporation Test Results - Radian Corporation
tested particulate emissions from the reverberatory furnace
ESP at the Phelps Dodge Ajo facility from June 7 to 16,
1976, to evaluate the performance of the ESP. Table 3-6

summarizes Radian's sampling program.

Radian reached the following conclusions as the result
of these tests:



T1-¢

Table 3-5.

SUMMARY OF PARTICULATE EMISSION DATA FOR ELECTROSTATIC

PRECIPITATOR IN REVERBERATORY FURNACE - PHELPS DODGE COPPER SMELTER,

AJO, ARIZONA

Item

Design
(1)@

Radian
test results
Actual July 6-16, 1976
(1) (2)

SRI test
results
July 9-10, 1976
(3)

Aerotherm
test results
July 15-30, 1976
(4)

ESP manufacturer

ESP inlet conditions

Velocity, m/sec
(fps)
Volume flow at continuous
rating, actual: m°/min
(acfm)
standard: m3/min
(scfm)
Temperature, °C
(°F)
Gas dust loadings:
by instack filter,

g/m3
(gr/scf)
kg/hr

(lbs/hr)
by instack/outstack
filter, g/m3
gr/scf)
kg/hr
(1bs/hr)

by EPA Test Method 5,
g/m3
(gr/scf)
kg/hr
(1lbs/hr)

standard m3/min
{scfm)

ESP outlet conditions

Velocity, m/sec
(fps)
(Continued)

Joy Western

4248°
(150,000)
(2124 calc.)
(75,000 calc.)
315 (max.)
(600)

5.15 (max.)S
(2.25)
655 (calc.

max. )
(1446.43)

16.76 to 17.37P
(55 to 57)
4644 45319
(164,000) (160,000)
(2560 avg. calc.) 2197 (calc.)
(90,500 avg. calc.) (77,580 calc.)
232 to 288 334
(450 to 550) (633)
1.35 (calc.) avg. 1.37 £
(0.39 to 3.5}
(0.592) (avg. 0.6, range
from 0.17 to 1.55)
191¢ avg. 184 (calc.)9
(421) (avg. 402 calc.)

3.57 to 5.650
(1.56 to 2.47)
468 to 756 (calc.)
(1041 to 1648)

2630 (calc.)

92,840

34.7
(114)

23.5
(77.17)
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Table 3-5 (continued).

Radian SRI test Aerotherm
test results results test results
Design Actual July 6/16, 1976 [July 9-10, 1976 July 15-30, 1976
Item (1) (1) (2) (3) (4)
Volume flow at continuous ;
rating, actual: m>/min 5248 3290%
{acfm) (185,330) (116,200)
standard: mi/min 2629 1685 calc.
(scfm) (92840) (59500)
Temperature °C 314 288 to 316
(°F) (598) 550 to 600
Gas dust loadings:
by insta%k filter, .
g/m 0.144 0.153 0.046’ 0.96 (calc.)
(gr/scf) (0.063) (0.067) .(0.02) (0.42)
kg/hr 18.1 (guaranteed)|21.3k 6.10 (calc.) 96.5
(1b/hr) (40) (47) (13.44) (212.8)
by instack/outstack
filter, g/m3 1.92 to 3.14" 1.89 (calc.)
(gr/scf) (0.84 to 1.37) (0.83)
kg/hr 254 to 414 (calc.) 1920
(1b/hr) (560 to 914) (423.5)
by EPA Test Method 5,
g/m3 1.28 (calc.)
{gr/scf) (0.56)
kg/hr 129.4P
(1b/hr) (285.4)
ESP control efficiency, % 96.839 96,77
Allowable emissions,
g/m3
(gr/scf)
kg/hr 14.15
(1b/hr) (31.2)
pust size analysis s
‘at ESP inlet < 10 um
at ESP outlet < 1 um
Gas composition volume, % Espt Espt Espt
inlet outlet outlet
H,y0 13.2 12.3 12.2
02 10.7 9.5 13.6
CO2 6.0 6.5 4.1
S02 0.33 0.56 8.1
503 0.006 0.012 0.0034
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Table 3-5 (continued).

Footnotes

a
b

Numbers in parentheses represent corresponding references listed.

Actual measurements in each of the two inlet ducts to the ESP were 16.76 and 17.37 m/sec (S5 and
57 fps) respectively.

At 0°C and 101.33 kPa (32°F and 14.7 psia).

Average of six tests conducted July 7 through July 10, 1976. During the test runs, the volume rate
varied from 4190 to 4730 m3/min {148,000 to 167,000 acfm).

€ 1975 tests by Engineering Testing Laboratories, using WP Method 50, hard particulates only.

Result of five test runs conducted July 8 through July 10, 1976. Actual emissions varied from 0.39 to
3.6 g/m3 (0.17 to 1.55 gr/scf).

9 According to Radian, the outlet sampling location was much more favorable than the inlet and for this
reason the gas flow rate obtained at the outlet, 2220 m3/min (78,400 scfm), was used to calculate the
flow rates of gas through the ESP. Based on this gas flow rate and average loading of 1.37 g/m3 (0.6
gr/scf), Radian calculated a mass flow rate of 154 kg/hr (340 1b/hr).

h Results of two test runs performed at a single point in the one duct (two ducts lead into ESP). Test
Run 1 collected 1.33 g/m3 (0.58 gr/scf) on instack filter and 4.33 g/m3 (1.89 gr/scf) on outstack filter,
and Test Run 2 collected 0.71 g/m3 (0.31 gr/scf) on instack filter and 2.86 g/m3 (1.25 gr/scf).on outstack
filter.

1 Average of 11 tests conducted July 20 to 30, 1976, during which the volume flow was between 1320 and 1982
m3/min (46,700 and 70,000 scfm).

) Average of five test runs conducted on July 8 to 10, 1976. The minimum and maximum dust loadings obtained during
the test were 0.039 and 0.057 g/m3 (0.017 and 0.025 gr/scf) respectively.

k 1975 tests by Engineering Testing Laboratories, using EPA Method 5 with sulfates deducted.

Average particulates collected on instack filter during two tests conducted by using instack/outstack
filters on July 29 and 30, 1976. The actual readings were 98.5 and 94.5 kg/hr (217.2 and 208.4 lb/hr)}.

M Results of three test runs. The actual readings were 2.22, 1.92, and 3.14 g/m3 (0.97, 0.84, and 1.37 gr/scf).
Amounts collected on instack filters in these three test runs were 0.06, 0.17, and 0.044 g/m3 (0.027, 0.072,
and 0.019 gr/scf respectively.

n Average of two test runs conducted on July 29 and 30, 1976. Actual readings were 191.9 and 192.3 kg/hr (423.0
and 423.9 lb/hr).

P Average of seven test runs during July 21-28, 1976. The minimum and maximum readings were 98.1 and 150.3 kg/hr
{216.2 and 331.3 1lb/hr) respectively.

9 Guaranteed efficiency based on instack filter tests.

¥ Using instack filter method.

% Overall mass median diameter.

t Average of many measurements.

References

1) Appendix B. State Implenentation Plan Inspection of Phelps-Lodge Corporation, Ajo, Arizona. *ay 1976.

2) Radian Corporation. Stack Test Results at Phelps-Dodge Corporation, Ajo, Arizona, Technical Note

200-045-57-03. January 5, 1977. ’

3) Southern Research Institute. Performance Evaluation of an Electrostatic Precipitator Installed on a

Copper Reverberatory Furnace. Order No. CA-6-99-2980-J. January 14, 1977.
4) Acurex Corporation/Aerotherm Division. Stack Test Results at Phelps-Dodge Corporation, Ajo, Arizona,

Volume I. Aerotherm Project 7211. March 1977.



vi-¢€

Table 3-6.

SUMMARY OF THE SAMPLING EFFORT (JULY 7 THROUGH JULY 16,

Date

Location/stream sampled

Parameter

Technique

To evaluate reverb. ESP performance:

July 8 to 10
July 8
July 8 to 10
July 10
July 10

ESP outlet
ESP outlet
ESP inlet
ESP inlet
ESP control room

Grain loading

Particle size distribution
Grain loading

Particle size distribution
Electrical performance

To form a material balance around reverb. ESP:

July 11
July 11
July 11 to 13

To form an approximate material balance around the reverb.

July 13
July 12 to 14

July 11 to 13
July 12 to 14
July 12 to 14

To collect particulate

July 16

ESP outlet
ESP inlet
ESP dust

ESP outlet
Reverb feed

ESP dust

Reberb slag
Matte

ESP outlet

To collect vapor phase emissions:

July 16

To determine

July 15

July 15

To determine
July 13 to 13
July 13 to 14

July 7

July 7

ESP outlet

Trace element flow rates
Trace element flow rates
Trace element flow rates

Trace element flow rates
Trace element flow rates

Trace element flow rates
Trace element flow rates
Trace element flow rates

Particulate by size frac-
tion

Trace element flow rates
as vapor

amount of condensible material and SOx emitted:

ESP inlet

ESP outlet

arsgnic emission rates:
ESP outlet
ESP inlet
ESP outlet

ESP inlet

Condensed particulate
(between 600-250°F) and
S50,-S03 concentrations

Condensed particulate
(between 600-250°F) and
S02-503 concentrations

Arsenic emission rate

Arsenic emission rate

Velocity and temperature
traverse

Velocity and temperature
traverse

furnace:

Instack filter

Andersen cascade impactor (SRI)
Instack filter

Brinks cascade impactor (SRI}
Monitor operating parameters (SRI)

Integral WEP
Integral WEP
Periodic grab sample

Integral WEP

Compositing slinger bin catches at
the end of each shift

Periodic grabh sample

Periodic grab sample (PD)

Periodic grab sample (PD)

by particle size for trace element analysis:

Three outstack cyclones in series
plus filter

Outstack filter followed by
impingers

EPA Method 5 train with instack filters

EPA Method 5 train with instac¢k filters

Modified EPAMethod 5 train
Modified EPA Method 5 train
S-type pilot tube and thermocouples

S-type pilot tube and thermocouples

1976) BY RADIAN



The known major components charged to the rever-
beratory furnace are copper, iron, silicon, calci-
um, and aluminum. Titanium, potassium, magnesium,
and sodium also are important.

Minor elements of environmental concern are arse-
nic, cadmium, molybdenum, lead, antimony, seleni-
um, zinc, and fluorine. Nearly all of the arse-
nic, 50 percent of the selenium, and 30 percent of
the fluorine, are discharged as off-gases from the
reverberatory furnace. Nearly all the fluorine
escapes as gas.

Arsenic and selenium pass through the ESP partly
as vapor.

The waste-heat boiler seems to act as a collection
chamber for arsenic and selenium compounds, which
means that chemical species in the vapor phase
condense on the heat exchange surfaces because of
changes in gas temperature.

Actual gas flow rate of 4530 m3/min (160,000 acfm)
and temperature of 316°C (600°F) correspond to
design parameters for the device.

Electrostatic precipitator inlet and outlet grain
loadings determined at a duct temperature of 315°C
(600°F) are 1.37 g/m3 (0.6 gr/scf), and 0.046 g/m3
(0.02 gr/scf) respectively.

When the temperature is decreased from 315 to
121°C (600 to 250°F) (as recommended by EPA),
condensible materials increase to 3.66 g/m3 (1.60
gr/scf) at the inlet and to 1.37 g/m3 (0.60 gr/scf)
at the outlet.

Converter off-gases and gas stream particulates
not collected in the hot reverberatory furnace ESP
can be almost completely removed in the gas
conditioning sections of the DMA plant and the
contact sulfuric acid plant. The elements removed
from the gas streams will ultimately be found in
the humidifier blowdown streams. (The DMA plant,
which was originally installed to treat 50 percent
of gases from the existing ESP, is not operated.
The duct connection for these gases to the DMA
plant is completely cut-off, and all treated gas
is passed through the stack.)



During the testing program, Radian observed that dust
loading changes from light to very heavy black and back to
light, all within a few minutes, apparently as a function of
furnace charging.

The gas flow rates to and from the ESP were determined
from velocity measurements. Reported average velocities
were 17.4 m/sec (57 ft/sec) in the east duct, 16.2 m/sec (53
ft/sec) in the west duct, and 34.7 m/sec (114 ft/sec) in the
outlet duct. The respective inlet and outlet gas temperatures
were 334 and 314°C (633 and 598°F). Radian reported the
average gas flow rate to be 2220 m3/min (78,400 scfm), based
on a measurement at the ESP outlet (the outlet sampling
location was more accessible than the inlet). Test data
show that the average volume flow rate of six measurements
was 2340 m3/min (82,700 acfm) in the east inlet duct, 2190
m3/min (77,300 acfm) in the west inlet duct, and 5247 m3/min
(185,300 acfm) in the outlet duct. These values would
correspond to 2185 m3/min (77,160 scfm) at the ESP inlet and
2629 m3/min (92,825 scfm) at the outlet. During all measure-
ments, except the first, outlet flow was higher than inlet,
even though the outlet temperature was lower. The design
flow through the ESP is 1994 standard m>/min or 4248 m3/min
at 315°C and 92.06 kPa (70,400 scfm or 150,000 acfm at 600°F
and 13.8 psia). The flow measurements, therefore, show
that the actual gas treated in the ESP is about 6.7 percent
higher than design, based on inlet volume flow, and about
24 percent higher based on outlet flow. This could indicate
leakage of outside air into the ESP.

During PEDCo's visit to the plant on May 21, 1977,
Phelps Dodge personnel indicated that one hanging damper is
installed in each of the two equally sized inlet ducts to
the ESP. These dampers may differ slightly in size and thus

16

w
1



be causing differences in velocity and gas dust loadings in
the two ducts. The flip-flop damper (installed in the duct
system for guiding gases through the balloon flue or the
duct work), the manholes on the ESP, and the access doors on
the hoppers are all possible sources of air infiltration.

Average grain loading measurements using instack
filters are based on five simultaneous test runs conducted
July 8, 9, and 10, 1976, at the two inlet ducts and the
outlet duct of the ESP. Problems were encountered during
the test program because of the sticky or tacky nature of
particulates, which cause them to plug the filtering media
at the ESP iplet (and to a lesser extent at the ESP outlet).
The averadge inlet and outlet particulate concentrations are
1.37 and 0.046 g/m> (0.6 and 0.02 gr/scf) respectively.
These averages are calculated without regard for ESP inlet
grain loading changes in the operating cycle of the reverberatory
furnace. At the 95 percent confidence level, therefore, the
inlet particulate loading is 1.38 + 0.586 g/m3 (0.603 +
0.256 gr/scf) and the outlet loading is 0.046 + 0.0075 g/m3
(0.0202 + 0.0033 gr/scf). During all five of the simultaneous
test readings at the inlet ducts, loading measurements
varied significantly. If it were possible to take inlet
concentration measurements in the mixing chamber, the
results might be more accurate.

Conclusions concerning the amount of condensables
between 315° and 120°C (600 and 250°F), are based on tests
using instack and outstack filter tests. This determination
was, in essence, a comparison between instack filter and
outstack filter sampling methods. The results presented in
Table 3-7 are based on two measurements performed at a
single point in the west inlet duct and three measurements

with a six-point traverse at the outlet duct.
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Table 3-7.

PHELPS DODGE CORPORATION, AJO, ARIZONA

INSTACK VS. OUTSTACK PARTICULATE LOADING

(0.019 gr/scf)

(1.35 gr/scf)

(1.37

ESP Inlet ESP Outlet
Run -
Instack Outstack Combined Instack Outstack Combined
1 1.33 g/m3 4.32 g/m3 5.65 g/m3 0.062 3 3 ) 3
Z . . g/m 2.15 g/m 2.22 g/m
(0.58 gr/scf) (1.89 gr/scf) (2.47 gr/scf) (0.027 gr/scf) (0.94 gr/scf) (0.97 gr/scf)
2 0.71 g/m3 2.86 g/m3 3.57 g/m3 0.16 3 3 ] 3
7 . . g/m 1.78 g/m 1.92 g/m
1(0.31 gr/scf) (1.25 gr/scf) (1.56 gr/scf) (0.072 gr/scf) (0.78 gr/scf) (0.84 gr/scft)
3 0.044 g/m3 3.09 g/m3 3.14 g/m3

gr/scf)




As indicated by test results using only an instack
filter, the loading varies significantly in the two ducts at
any given time. The instack and outstack filter tests at
the ESP inlet also should have been conducted at more than
one sampling point in both ducts. Results do not indicate
whether the test runs were taken continuously, or at dif-
ferent times to allow for the effect of the furnace opera-
tion on the loadings. Tests using an instack filter train
and an instack/outstack filter train might be more valuable
if they were conducted at the same time and if measurements
were taken repeatedly at different intervals to allow for
variations in particulate loading that result from operating
changes. Tabular data in Table 3-7 (two measurements) show
that 77 to 80 percent of the total particulate entering the
ESP's is in a vapor form. The overall removal efficiency of
the ESP is 46 to 61 percent. The particulate measurements
were obtained by using instack/outstack filter trains at the
inlet and outlet of the ESP. The instack filter was at
316°C (600°F) and the outstack filter at 120°C (250°F).
These measurements also indicate that the ESP's are removing
from 77 to 98 percent of the particulate in a solid state at
316°C (600°F) and 38 to 50 percent of particulates in the
supposedly gaseous state at 316°C (600°F). This poses a
question as to how 38 to 50 percent of gaseous particulate
is removed in the ESP.

Radian also conducted sampling tests on July 11, 1976,
at the inlet and outlet of the ESP to capture all particu-
late trace elements in the gas streams. They used a train
containing a wet electrostatic precipitator (WESP), followed
by a series of impingers to collect vapors escaping the ESP.
They also analyzed the dust collected in the ESP by periodic
sampling. These ESP inlet and outlet samples were collected



isokinetically from a single point assumed to he a point of
average velocity and particulate loading. The sample col-
lected was analyzed for trace elements by the atomic absorp-
tion method and fluorometry. The results indicate that
nearly all the trace elements were collected in the WESP,
whereas only negligible amounts were collected by the
impingers.

On July 13, 1976, Radian also measured the trace ele-
ments content of the flue gas at the ESP outlet, using a
WESP sampler followed by impingers; that was part of a
sampling program for material balance around the reverberatory
furnace. They conducted a separate test on July 16, 1976,
for trace elements present as vapor in the flue gas at the
ESP outlet. The collection of vapor phase trace elements
was accomplished using a series of impingers, preceded first
by a cyclone then by a filter to remove particulates. Table
3-8 presents the results of these tests/analyses of the
total particulate (in the flue gas at ESP inlet and outlet)
and vapor phase particulate (in the flue gas at 'ESP outlet).
Because the values for solid phase trace elements collected
on the cyclone and filter were not measured during the?test
for vapor phase trace elements, it is impossible to esﬁimate
accurately the relative proportions of these phases in the
flue gas at the ESP outlet. The WESP samples indicate that
the ESP now used removes about 26 percent of the arsenic in
the gas (results of particulate measured on July 11, 1976,
from Table 3-8). Results also show that some copper and
small amounts of cadmium, lead, and zinc present in the
inlet gas were also removed in the following proportions:
98.2, 94.2, 91.6, and 98.1 percent respectively.

Results of the quantitative analysis of samples col=-
lected around the reverberatory furnace are given in Table

3-9. As shown in Table 3-6, integral WESP samples at the



Table 3-8. ANALYSES OF TOTAL PARTICULATE AND VAPOR PHASE PARTICULATE

IN FLUE GAS AT ESP INLET OR OUTLET (BY RADIAN CORPORATION)

TZ-¢

ESP inlet ESP outlet
Total particulate Total particulate Total particulate Vapor phase content
measured on 7/11/762:b measured on 7/11/76a’C measured on 7/13/77d measured on 7/16/77

Element kg/hr 1b/hr kg/hr 1b/hr kg/hr 1b/hr kg/hr 1b/hr
Arsenic 86.2 190 63.5 140 34.5 76 6.8 - © 15
Barium Not detected Not detected .0.29 0.64 0.12 .27
Beryllium 0.0059 0.013 0.0049 0.011 0.0015 0.0034 0.0018 0.004
Cadmium 0.13 0.29 0.0073 0.016 3.45 7.6 0.00004 0.0001
Chromium 0.012 0.027 0.0049 0.011 0.019 0.044 ) 0.016 0.036
Copper 25.4 56 0.454 1.0 8.16 18 1.33 2.94
Fluorine 3.36 7.4 3.4 7.5 4.26 9.4 4.99 11.0
Iron 0.249 0.55 0.089 0.196
Mercury 0.00049 0.0011 0.00039 0.00087 0.015 0.033 0.028 0.062
Molybdenum 3.95 8.7 0.073 0.16 0.077 0.17 0.0073 0.016
Nickel 0.042 0.092 0.039 0.085 0.0049 0.011 0.614 0.031
Lead 0.42 0.92 0.034 0.075 0.17 0.38 0.0039 0.0087
Sulfur as 502e 598.7 1320 1002.4 2210

as 50;° 13.61 30 22.67 50

Antimony 0.367 0.81 0.149% 0.33 .014 0.03 0.0014 0.003
Selenium 0.413 0.91 0.439 0.97 0.295 0.65 0.095 0.21
Silica 1.7
Vanadium 0.018 0.041 0.002 0.0047 0.77 0.027 0.009 0.02
Zinc 1.95 4.3 0.033 0.072 0.099 0.22 0.016 0.036

Partidulate collected using wet electrostatic precipitator (WESP). 1In addition to this, an insignificant
amount of trace elements is collected on impingers.

Trace elements constituted 0.32 percent of total sample analyzed.

Trace elements constituted 0.12 percent of total sample analyzed.

Trace elements constituted 0.1 percent of total analyzed

o 0 U

Sample was not analyzed for sulfur, but its values are based on 50,-S03 concentrations in flue gas and the
sulfur content of the flue dust, determined independently of the WESP sampler.
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Table 3-9.

ELEMENT FLOW RATES IN THE FEED AND DISCHARGE

STREAMS OF REVERBERATORY FURNACE

Incoming streams Outgolng streams
Reverb,
feed Converter Converter Total Matte Sla Flue gas ESP? dust Waste heat 2 Total

Element kg/hr 1b/hr slag dust kg/hr 1b/hr kg/hr 1b/hr kg/hr 1b/hr kg/hr 1b/hr kg/hr 1b/hr | boiler dust kg/hr 1b/hr
Al 181 400 NA NA 181 400 <7.7 <17 318 700 0.045 0.10 0.49 1.1 NA 318 700
As 86.4 190 NA NA 86.0 190 0.72 1.59 0.86 1.9 34.5 76 13.6 30 NA 49.4 109
Ba 14.4 31 NA NA 14.1 31 14.97 33 19.5 43 0.29 0.64 0.010 0.023 NA 3.6 76.2
Be ¢.032 Q0.072 NA NA 0.032 0.072 | 0.0019 0.0041 | 0.015 0.032 [0.0015 | 0.0034 | 00,0002 | 0.0004 NA 0.014 0.039
Ca 349 770 NA NA 349 770 5.4 12 862 1900 0.005 0,011 0.95 2.1 NA 907 2000
cd 26.7 59 NA NA 26.7 59 16.8 37 0.15 0.33 3.44 7.6 0.33 0.74 NA 20.9 46
Cr 0.034 0.076 NA NA 0.034 0.076 29 0.64 1.72 3.8 ) 0.019 0,044 } 0,0082 0.018 NA 2.04 4.5
Cu 7260 16000 NA NA 7260 16000 8165 18000 998 2200 8.16 18 28 62 NA 8165 18000
F 1.5 3.4 NA NA 1.54 3.4 0.005 0.012 1.0 2.2 4.26 9.4 0.015 0.032 NA 5.4 12

Fe 4536 10000 NA WA 4536 10000 4970 11000 5443 12000 0.25 0.55 19.3 42,6 NA 10400 23000
Hg 0.0082 0.018 NA NA 0.008 { 0.018 | 0.0091 0.020 0.004 0.0091 | 0.015 0.033 (0.00007 {0.00015 NA 0.028 0.062
Mo 35.8 79 NA NA 35.8 79 3.85 8.5 40.3 89 { 0.077 0.17 2.99 6 A NA 45.4 100
Ni 0.32 0.70 NA NA 0.32 0.70 0.91 2.0 0.34 0.76 |0.0050 0.011 0.026 0.059 NA 13.2 29
Pb 22.2 49 NA NA 22.2 49 38.1 84 5.89 13 0.17 0.38 2.4 5.3 NA 45,4 100
Sb 2.72 6.0 NA NA 2.72 6.0 2.09 4.6 1.54 3.4 | 0.014 0.030 0.58 1.3 NA 4,26 9.4
Se 4,54 10 NA NA 4.54 10 0.077 0.17 2,49 5.5 0.29 0.65 0.073 0.16 NA 2.95 6.5
Si 499 1100 NA NA 499 1100 <19 <42 21,7 48 0.77 1.7 0.77 1.7 NA 2177 4800
v 0.42 0.92 NA NA 0.42 0.92 0.15 0.33 0.39 0.86 0,12 0.027 0,005 0.011 NA 0.54 1.2
Zn 19.0 42 NA NA 19.0 42 14.1 31 13.6 30 0.10 0.22 2,09 4.6 NA 29.9 66

4 These streams were not recycled during the time of ESP sampling

NA - Not availlable.



ESP outlet were collected on July 13, 1976, and precipitator
dust was collected July 11 to 13, 1976. The matte and slag
were obtained during sampling from July 12 through July 14,
1976. The samples of concentrate were taken at the end of
each shift from January 12 to 14, 1976. The data in Table
3-8 and Table 3-9 show that of a total of 86.2 kg/hr (190
lb/hr) of arsenic entering the system only 34.5 to 63.5
kg/hr (76 to 140 1lb/hr) is found in the ESP exit stream and
13.6 kg/hr (30 1b/hr) is trapped in the ESP dust. According
to Radian, the remaining 7.3 to 36.3 kg/hr (16 to 80 1lb/hr)
of arsenic, which is unaccounted for, may have settled out
in the surface area of the waste-heat boilers serving the
reverberatory furnace. As indicated in the table, some of
the other elements may also be settling out in the waste-
heat boilers.

On July 13 and 14, 1976, Radian conducted a separate
test for arsenic at the ESP inlet and outlet, using EPA
Method 5 with a filter at 120°C (250°F) followed by a
series of impingers. During these tests, Radian measured
arsenic emission rates averaging 31.39 kg/hr* (69.2 1lb/hr)
at the ESP inlet [measurements of 26.9 kg/hr (59.3 1lb/hr),
33.1 kg/hr (72.9 1lb/hr), and 34.2 kg/hr (75.4 1lb/hr) during
three runs] and 22.6 kg/hr (49.9 1lb/hr) at the ESP outlet
[measurements of 24.4 kg/hr (53.7 lb/hr), 20.3 kg/hr (44.8
lb/hr), and 23.3 kg/hr (51.3 1lb/hr) during three runs].
These data do not clearly indicate whether the arsenic
emission rates are based on the amount collected on the
filter at 120°C (250°F) only, or on the total amount col-
lected on the filter and impingers.

Based on these sampling tests, Radian assumes that the

efficiency of the WESP used for sample collection in this

The emission rates are based on flow rate determined by
Radian and analyzed data obtained by Battelle, Columbus
Laboratories, Columbus, Ohio.



study can be compared with the expected efficiency of the
WESP for particulate control. They further assume that
virtually all elements covered in their study can be col-
lected in the spray tower; packed tower, and WESP arrange-
ment. The blowdown stream of the cooling-humidifying unit,
however, will have to be treated, because it will contain
all the impurities presently escaping the existing dry ESP
that treats the off-gases of the reverberatory furnace.
Additional tests produced the following results: the
reverberatory feed concentrate consists primarily of two
crystalline phases: chalcopyrite (CuFeSz) and two-quartz
(Sioz). Arsenolite (Aszo3) was positively identified in the
hopper dust, in the material captured by the instack filter,
in the deposit on the outstack filter as well as in the
impingers. Hydrates of copper sulfate and arsenolite were
the predominant materials collected on the instack filter.
This material was a bright blue, and the crystalline portion
was almost pure arsenic oxide. The crystalline portion of
the material collected on the outstack filters at 120°C
(250°F) was almost all arsenolite.
Aerotherm Corporation Test Results

At the request of EPA Region IX, Aerotherm conducfed
particulate emission tests from July 20 to July 30, 1976, on
the ESP outlet of the reverberatory furnace, the acid
plant, and the main stack. This was done to determine the
compliance status of the copper smelter with the process
weight particulate emission regulation. Duriﬁg the testing
period, particulate emissions and concentrations of SO3/HZSO4
and 802 were measured, and the instack sampling method was
compared with EPA Method 5. Table 3-10 summarizes the
actual time during which test samples were taken at the

reverberatory furnace ESP. Two trains were used during the

w
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Table 3-10. SUMMARY OF SAMPLING TIMES -
REVERBERATORY ESP
Run No. Date Sampling time
1 7-20-76 A-Port 4:15 pm 4:45 pm
B-Port 4:58 pm 5:28 pm
2 7-21-76 A-Port 5:25 pm 5:55 pm
B-Port 6:00 pm 6:30 pm
3 7-22-76 A-Port 9:56 am 10:26 am
B-Port 10:29 am 10:59 am
4 7-23-76 A-Port 9:18 am 9:48 am
B-Port 9:53 am 10:23 am
5 7-26-76 A-Port 8:50 am 9:20 am
B-Port 9:25 am 9:55 am
6 7-26-76 A-Port 2:56 pm 3:26 pm
B-Port 3:27 pm 3:57 pm
7 7-27~-76 A-Port 8:35 am 9:05 am
B-Port 9:08 am 9:38 am
8 7-28~76 A-Port 11:13 am 11:43 am
B-Port 11:44 am 12:14 pm
9 7-28~76 A-Port 7:16 pm 7:46 pm
B-Port 7:49 pm 8:19 pm
10 7-29-76 A-Port 10:12 am 10:42 am
B-Port 10:50 am 11:20 am
11 7-29-76 A-Port 4:00 pm 4:30 pm
B-Port 4:34 pm 5:04 pm
12 7-30-76 A-Port 11:20 am 11:50 am
B-Port 11:55 am 12:25 pm




testing: one sampling train for a combination of EPA
Methods 3 and 4, to measure gas composition moisture con-
tent; and one sampling train for a combination of EPA
Methods 5 and 8, to measure particulate and sulfur oxide
emissions. The two trains were used simultaneously, one in
each sample port.

Aerotherm based the following conclusions and observa-
tions on the test results: a) particulate emissions from
the ESP are much greater than the allowable particulate
emission rate; b) the amount of particulate measured when
using a train with both instack and outstack filters is
consistently higher than the amount measured when using a
sampling train with only an outstack filter (according to
the EPA Method 5 test procedure, required for process weight
emissions regulation); c) particulates captured on both the
instack and outstack filters are hygroscopic in nature, with
a difference between extrapolated and equilibrium weights of
20 to 40 percent on the instack filter and 30 to 50 percent
on the outstack filter; d) a large portion of the particu-
late collected may be sulfuric acid; and e) a chemical
analysis of the particulate should be undertaken to deter-
mine its characteristics.

To calculate allowable emissions, reverberatory furnace
process weight data were collected for an 8-hr shift on July

26, 1976. These data are summarized in Table 3-11.



Table 3-11. TOTAL SOLID INPUT TO THE REVERBERATORY
FURNACE DURING SHIFT "A" (8-HR PERIOD) ON JULY 26, 1976

(ESTIMATED BY THE PHELPS DODGE STAFF)

Quantity

Input metric tons tons
Concentrate 159 175
Converter slag 105 116
Precipitate 5.4 6
Lime 13.6 15
Dust 7.3 8
Total 290.3 320

The corresponding allowable emission rate based on the
process weight regulation would be 14.15 kg/hr (31.2 lb/hr).
It was observed during the sampling program that 2
hours of the total time cycle for normal converter operation
are generally required for a copper-blow. Table 3-12 records

the test results of a sample train using EPA Methods 3 and

4., Table 3-13 records the test results of a sample train
using EPA Methods 5 and 8. Because of the hygroscopic

nature of the particulate matter collected, the filter

gained weight very rapidly during the weighing process by
adsorbing water vapor from the air. Consequently, no attempt
was made to determine the exact weight of the filter on
completion of sampling. It was weighed later to calculate
equilibrium weight, from which extrapolated emission weights
were calculated. Of the 12 measurements taken, Runs 2
through 9 were made by an EPA Method 5 sample train, and the
remaining runs were made by a sample train containing an
instack filter and an outstack filter. Because of subisokinetic

sampling rates, Runs 1 and 11 on Table 3-13 were rejected.
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Table 3-12.

SUMMARY OF SAMPLING DATA USING EPA METHODS 3 AND 4

PHELPS DODGE REVERBERATORY FURNACE ESP

. Md? Msh Qs-gas
Vn-dry volume kg/kg mole |kg/kg mole VS-gas flow rate
Date Moisture | measured by meter | COp |05 or or velocity m3/hr scfh
No. (1976) % m3 scf % | % |1b/1b mole|lb/1b mole | m/sec | ft/sec | x 10% | x 10°
1 July 20 16.8 1.03 36.5 1.0 118.1 29.16 27.29 23,2 76.0 8.78 3.1
2 July 21 12.3 1.27 44.8 1.0 {18.1 28.88 27.54 24.8 81.4 10.2 3.6
3 July 22 12.3 1.17 41.3 3.7 111.3 29.05 28.03 21.3 69.9 8.49 3.0
4 July 23 12.3 1.25 44,2 0.9 j18.1 28.86 27.53 25.7 84.3 10.76 3.8
S | July 26 12.8 l.lé 39.9 4.2 114.0 29.23 27.80 18.8 61.8 7.93 2.8
6 | July 27 10.1 1.26 44.7 4.2 114,0 29.23 28.10 23.6 77.4 10.2 3.6
7 July 28 12.3 4.2 114.0

8 July 28 9.0 1.13 39.9 5.9 [11.3 29.39 28.36 27.5 90.1 11.89 4.2
9 {July 28 11.1 1,41 49.9 6.2 {10.9 29.43 28.16 25.4 83.3 109.8 38.8
10 | July 29 12.1 1.28 45.2 6.3 [10.5 29.43 28.05 23.6 77.5 11.04 3.9
211 | July 29 11.5 1.28 45.3 5.§. 11,5} 29.39 28.08 23.5 77.1 11.04 3.9
12 July 30 13.8 1.28 45.2 5.8 111.5 29.39 27.83 21.9 72.1 10.2 3.6

2 Md - dry molecular

Ms - wet molecular

weight.

weight,



Table 3-13. SUMMARY OF PARTICULATE, 803/H2SO4 AND 802 EMISSION
Parriculate concentration Particulate emission rate
First First Allowable 503 SOJ/HZSO‘
Runa Date Extrapolated measured Equilibrium Extrapolated measured Equilibrium Percent emission 503 emission $04/H2504 emission
No. (1976) weight weight weight weight welght weight Isokinetic rate concentration rate concentration rate
1| July 20 1.67 gq/m 1.68 q/m’ 2.14 c;/mJ 149 kg/hr 149 kg/hr 190 kg/hr 87,01 14.2 kg/hr 9660 ppr 2270 kg/hr 16.4 ppm 4.72 kg/hr
{0.731 gr/scf} (0.732 gr/scf) {0.934 gr/scf) {328.3 1b/hr) (328.6 1b/hr) (419.5 1b/hr) (31.3 lb/hr) {5000 1b/hr} (10.5 1b/he)
2 July 21 1.41 q/m] 1.41 q/m3 1.72 q/m] 144 kg/hr 144 xa/hr 176 kg/hr 91.4% 14.2 xg/hr 15,820 ppm 4320 kg/hr 49.7 ppm 16.9 kg/hr
(0.617 gr/scf} | {0.617 gr/scf) | (0.752 gr/scf) | (318.2 lb/hr) | (3118.4 lb/hr) | (388.1 1b/hr) (31.4 lb/nr) {9500 1b/hr} (37.2 1b/hr)
3 July 22 1.486 q/m] 1.48% g/mJ 1.83 g/m3 124 kg/hr 124 kg/hr 155 kg/hr 109.2¢ 14.3 kg/hr 6760 ppm 1500 Xg/hr 27.0 ppm 7.6 kg/hr
(0.639 gr/sdf) | (0.640 gr/scf) | (0.80)1 gr/scf) | {272.9 1b/hr)} | {273.2 lb/hr) | (341.9 1b/hr) (31.6 lb/hr} {3300 1b/hr) {16.8 lb/hr}
%J 4 July 22 0.92 g/m] 0.92 q/m] i.40 g/m] 97.9 kg/hr 97.9 kg/hr 98.3 kg/hr 92.0% 14.5 kg/hr 6340 ppm 1810 kg/hr 2.9 ppm 1.04 kg/hr
o (0.400 gr/scf) | (0.400 gr/scf) | {0.612 gr/scf) | {216.2 1b/hr) | (216.5 lb/hr) | (216.5 1b/hr) (31.9 1b/hr) (4000 1b/hr) (2.3 1b/hr)
Vo) 5 July 26 1,02 q/m] 1.02 q/m] 1.55 q/ml 75.2 kg/hr 79.6 kg/hr 122 kg/hr 107.7% 14.1 kg/hr 4830 ppm 997 kg/hr 0.0 ppm 0.0 kg 'hr
{0.444 gr/scf) | {0.444 gr/scf) | (0.679 gr/scf) | (175.3 lb/hr) [(175.6 lb/hr) | (268.4 1b/hr) (31.2 1b/hr) {2200 1b/hr) (0.0 Ib/hr
6 July 26 1.49 q/m] 1.49 q/m3 1.95 q/mJ 150 kg/hr 150 kg/hr 196 kg/hr 98.8% 13.8 kg/hr 16,190 ppm 43120 kg/hr 32.8 ppm 10.8 kq/hr
(0.651 gr/scf) {0.651 gr/sct) {0.851 gr/scf) (330 1b/hr} {331.1 lb/hr) (432.8 1b/hr) {30.5 1b/hr) 19500 1b/hr) (24.0 1b/hr)
7 July 27 14.0 kg/hr
{30.8 1b/hr)
8 July 28 .27 q/m] 1.27 q/m] 1.49 q/m] 150 kg/hr 150 kg/hr 177 kg/br 96.3% 13.9 kq/hr 5440 ppm 1720 kg/hr 0.0 ppm 0.0 kq/hr
(0.555 gr/acf) | (0.55% gr/scf) [ (0.652 gr/sc€) | (131.3 lbs/hr) | (331.7 lb/hr) | (389.9 lb/hr) (30.7 ib/hr) (3800 1b/hr) (0.0 lb/hr
9 { July 29 1.14 g/m’ 1.23 g/m’ 1.64 g/m’ 125 kg/hr 133 kg/hr 178 kg/hr 104.0% 14.4 kg/hr 1810 ppm 500 kg/hr 42.5 ppm 15.2 xa/hr
(0.500 gr/scf) | (0.538 gr/scf) | (0.716 gr/scf) | {273.3 lb/hr} | (293.9 lb/hr) | (390.9 1b/hr) {31.7 1lb/hr) {1100 1b/hr} {331.7 1b’hr
10 | July 29| 1.73 g/m’ 1.74 g/m? 2.24 g/m’ 192 kg/hr 192 kg/hr 310 kg/hr 92.8% 14.) kg/hr 7430 ppm 2180 kashe | 41.1 ppm 15.0 kg/hr
(0.758 gr/scf) {0.760 gr/scf) (0.980 gr/scft) (423.0 ib/hr} (423.8 lb/hr} {683.8 1b/hr) {31.5 1b/hrl (4800 1b/hr) (33.0 Llbshr}
11 | July 29 1.78 g/m? 1.78 q/m? 2.17 g/m’ 197 kg/hr 197 kg/hr 240 kg/hr 89,7 14.1 kg/hr 3810 ppm 1090 kq/hr 40.6 ppm 14.8 kashr
{0.780 gr/scf) (0.777 gr/scf} (0.951 gr/sct) (431.8 1b/hr) (433.6 1b/hr) {528.2 1b/hr) {31.01 1b/hr} {2400 1b/hr) (32.7 1b/hn)
12 July 10 1.86 q/mJ 1.89 q/m) 2.130 qlm] 192.2 kg/hr 195 kg/hr 237 kg/hr 98. 1y 14.) kg/hr 8340 ppm 2270 %q/hr 44.9 ppm 15.4 kg/hr
(0.816 gr/sct} (0.829 gr/scf) (1.004 gr/scf) (42).9 1ib/hr) (43n.4 1lb/hr) {521.6 1lb/hr) {31.6 lb/hr) {5000 1b/hr) {13.9 1b/hn)

a

outstack [ilter trains.
98.512

1217.2)

and 96.592 wg/hr

£212.8 1bs/hr)

Runs 1 and 1] are rejected because of subkinetic condltions.
During test runs 10 and 12,

respectively.

Runs 10,

11, and 12 were done by using instack/
the particulate emission rate using the inatack fllter was



The measurements of Run 7 were not considered, because of
errors in velocity measurements and isokinetic sampling
rétes. The velocity measurement on one of the trains was
low in Run 5, and the measured emission rate reading was
replaced with a corrected emission rate, which is an average
of all particulate emissions collected on the outstack
filters.

During the test program, Aerotherm observed that, for
some undetermined reason, the TeflonR coating on the out-
stack filter holder broke down and flaked at 120°C (250°F)
in each test. Since any particulates that may have been
deposited on these TeflonR flakes would not be included in
the actual particulate measurements, Aerotherm believes the
measured emission rate to be erroneously low. The magnitude
of this error could not be measured.

Aerotherm calculated a mean particulate emission rate
of 143.4 kg/hr (316.1 1lb/hr) and a standard deviation of
32.4 (71.4), using all the valid measurements, including
seven EPA test methods, five runs, and two simultaneous
instack and outstack test runs.

The data indicated a mean particulate emission rate of
129.5 kg/hr (285.44 1lb/hr) with a standard deviation of 21.8
(48.13) using EPA Method 5. Using a 95 percent confidence
level, the limits become 129.5 + 14.4 kg/hr (285.44 + 31.67
1b/hr). A comparison of the average particulate emission
rate of 129.5 kg/hr (285.44 1lb/hr) by EPA Method 5 with the
average particulate emission rate of 192.1 kg/hr (423.45
lb/hr) (average of two measurements) by a combination of
instack and outstack filters indicates that about 50 percent
more particulate is collected by the latter than by the
former. Aerotherm could not explain the weight difference

of the residues from the two sampling trains.



During instack/outstack testing, emissions collected on
the instack filter and residue from the nozzle and probe
were included with the instack filter weight. The average
particulate weight collected on the nozzle, instack filter,
and probe during two instack/outstack test runs was 96.5
kg/hr (212.8 1b/hr), which is about 50 percent of the total
collected on the nozzle, instack filter, probe and outstack
filter. Comparison of the average particulate emission of
96.5 kg/hr (212.8 1b/hr) measured on the nozzle, instack
filter, and probe with the average particulate emissions of
129.5 kg/hr (285.44 1b/hr) measured by EPA Method 5, shows
that the amount collected by EPA Method 5 is about 134
percent of the amount collected by the former method.

Calculated mean emission rates of SO3/H2804 and 502
from the test data were 11.2 kg/hr (24.9 1lb/hr) with a 5.62
kg/hr (12.4 1b/hr) standard deviation, and 2313.4 kg/hr
(5100 1b/hr) with a 1134 kg/hr (2500 1lb/hr) standard devia-
tion respectively.

SRI Test Results
Southern Research Institute performed tests July 9, and

10, 1976, to measure the fractional collection efficiency

and the voltage-current characteristics of the ESP system.

A computer simulation of ESP performance was made simultaneously,
using a computer system model developed by SRI, and the

inlet particle size distribution was measured. The Institute
concluded the following on the basis of the test results:

a) Measured efficiency and design efficiency are identical
within the limits of experimental error. (An overall col-
lection efficiency of 96.7 percent was measured by instack
filters, 96.6 percent was calculated from cascade impactor
data, 96.8 is predicted by the SRI-EPA computer model, and
96.8 percent is the design efficiency.) b) Power supply

versus electrical current characteristics indicates the ESP



is in good mechanical alignment and electrical condition.

c) Particulate resistivity is not limiting the operating
characteristics of the collector. d) Particle sizes appar-
ently differ in chemical composition. The mass median
diameter of the inlet particle size distribution was greater
than 10 ym. The inlet particle distribution was bimodal
with one component having a mass median diameter less than 1
um. e) A significant variation in sulfur dioxide concentra-
tion occurs with time. £) A potential problem with the
application of an ESP to a source of very fine particulate

is presented in suppression of the corona current by a
particulate space charge. Some reduction in current was
observed at the ESP inlet during the testing, but the degree
of suppression was not large. This results from the particles
being larger than expected. Furthermore, the concentration
was rather low, and it was observed that some of the impactor
catches appeared to be hygroscopic. The difference in the
color of particles noted from stage to stage within the
impactor indicates that their chemical composition was
nonhomogeneous with respect to size.

Six measurements were made of the particle size distri-
bution during the test, three each at the inlet and outlet,
using a modified Brink cascade impactor. Southern Research
Institute noted that the validity of the first outlet run
data was questionable because the filter and filtrates for
this run were discovered to be wet when the impactor was
disassembled. This was probably caused by condensed water
within the probe as it accidentally ran back into the
impactor after being removed from the duct.

Figure 3-1 presents a plot of the average inlet and
outlet size distributions on a cumulative percentage basis
versus particle size basis for the Phelps Dodge smelter.

Figure 3-2 shows measured and calculated fractional efficiency
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curves for the reverberatory furnace ESP. The theoretical
curve generated with the SRI-EPA computer model simulation
is predicted for ideal conditions, with no corrections for
rapping losses, poor velocity distribution, or any of the

gas bypassing the active areas.

The inlet particulate size distribution is bimodal,
with a fine mode having a mass median diameter of 0.8 um.
Approximately 22 percent of the mass is contained in parti-~
cles with diameters smaller than 10 um (Figure 3-1). The
overall mass median diameter of the inlet particle size
distribution is greater than 10 um. It is also evident from
Figure 3-1 that less than 3 percent of the total mass is
0.26-um in size. Approximately 80 percent of the total mass
collected at the ESP outlet was under 10 pym in size. About
26 percent was below 0.26 um.

On July 9 and 10, 1976, ESP efficiency measurements of
96.4 and 96.7 percent were made using an impactor train and
96.6 and 96.8 percent using a mass train. Mass emission
data were provided to SRI by the Radian Corporation from
simultaneously conducted tests.

Southern Research Institute indicated that the impactor
data may not be reliable, especially regarding particle size
at the ESP outlet, because of their inability to do isokinetic
traverses and the low quantities collected on impactor
stages. During each sampling, anywhere from one-tenth to a
few tenths milligram weight was collected on each stage.
Figure 3-2, which presents the confidence limits, shows the
unreliability of the data.

On July 9 and 10, 1976, 802 sample measurements were
made at the ESP outlet using a sampling system consisting of
a heated, glass-lined sampling probe with a quartz wool

filter, a water-jacketed condenser, and fritted bubbler
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containing a 3 percent hydrogen peroxide solution. The
measurements were made before and after the reverberatory
furnace was charged, because the sulfur oxide concentration
is expected to vary with the furnace operation cycle. Based
on the test results presented in Table 3-14, SRI speculates
that SO, concentrations in the stack gas are highly vari-

able.

2

Table 3-14. TEST RESULTS - SULFUR OXIDE CONCENTRATION

(by volume percent)

Date Furnace charge cycle 502 SO3

7/9/76 After charging 1.0 0.024
Before charging 0.42 0.019

7/10/76 After charging 0.73 0.018
Before charging 0.63 0.025
After charging 1.7 0.067

Southern Research Institute concedes that the reliability
of the SO3 data cannot be verified because the applicability
of this method of measurement to the nonferrous metal industry
is questionable and the efficiency of the condenser has not
been previously evaluated in this kind of environment;
however, they do not believe this makes the accuracy of the
SO2 measurements suspect. They do suggest, however, that
accurate measurement of SO3 concentrations with respect to

the furnace operation requires further investigation.



4.0 ADD-ON CONTROL SYSTEM FOR PARTICULATE EMISSIONS

As explained in Section 2.0, the principal reverbera-
tory furnace exhaust gases at the Magma Copper Company and
Phelps Dodge Corporation smelters pass through waste-heat
boilers, after which the partially cooled gases are treated
in ESP's before being vented through a stack. The ESP's
were designed to treat the flue gases at a temperature of
316°C (600°F). The efficiency was to be determined by using
the ASTM test method. This method specifies that partic-
ulate loading of the flue gas be measured at a process gas
temperature, which is about 316°C (600°F) at these two
smelters. The copper reverberatory furnaces at these
smelters are presently subject to compliance with EPA
Process Weight Regulation 40 CFR 52.126(b), which requires
the flue gas particulate content to be measured at about
120°C (250°F) in accordance with EPA Method 5. Most of the
flue gas particulate matter at these two smelters, as
measured by Method 5, is composed of material that has
condensed from the vapor phase to the solid or liquid phase
when the gas temperature is reduced from 316°C (600°F) to
120°C (250°F) in the sampling apparatus. Numerous sampling
tests conducted for EPA by different organizations have
shown that the reverberatory furnaces at the Magma Copper
and Phelps Dodge smelters are emitting more particulate
matter than allowed by the EPA Process Weight Regulation.

The EPA decided to evaluate the feasibility of upgrading
control systems of these smelters as a means of meeting

emission standards, and also (with the assistance of IGCI)



to evaluate new control alternatives if upgrading proves
impractical. The EPA provided various sampling test data
obtained at the two smelters for examination by IGCI and
PEDCo. Based on the limited information provided and their
best judgment, IGCI members believe each of the smelters can
comply with EPA regulations by installing an additional
control system in series with the ESP already in operation.

Effective particulate control can be achieved by first
cooling the gas from the existing ESP outlet, then applying
available control techniques such as electrostatic pre-
cipitation, filtration, or scrubbing. IGCI suggested one of
the following add-on control systems be installed in series
with the existing ESP's:

a) Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a fabric filter to
reduce the flue gas dust loading to an allowable
level.

b) Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a wet scrubber system to
reduce the flue gas dust loading to an allowable
level.

c) Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a dry ESP to reduce the
flue gas dust loading to an allowable level.

d) Gas cooling equipment to reduce flue gas tempera-
ture to 120°C (250°F) and a wet ESP to reduce the
flue gas dust loading to an allowable level.

PEDCo also analyzed the sampling test data provided by
EPA and developed technical specifications for the add-on
control systems.

The specifications, which included data on flue gas
exiting from the existing ESP such as volume flow rate,
inlet gas loadings, allowable emissions, moisture content,
and gas composition, were issued to selected IGCI members.

They were asked to furnish capital and annual operating cost



data for the add-on control systems specified. All provided
costs for both gas cleaning equipment and auxiliary equipment,
and some also provided direct and indirect cost items as

well as annual operating cost data.

More definitive information on the nature of the flue
gas would help in the development of precise technical and
economical add-on particulate control systems for the smel-
ters. Pilot plant studies of add-on control systems could
determine their feasibility, optimum sizing, system pressure
drop, and efficiency. Gas composition varies with raw
materials, operating conditions, furnace production cycle,
and also between smelters. Separate tests at the individual
smelters, relating the emissions rate and composition with
the smelter operating cycle, might provide better information
on which to base control evaluations. The test program
could also be extended to estimate condensation points of
individual trace elements present in the gas and the dew
point of the gas stream.

As mentioned previously, available data on the existing
control systems at the Magma and Phelps Dodge smelters
suggest that most of the particulate matter measured by EPA
Method 5 was present as vapor at 316°C (600°F), but was
condensed to a solid or liquid at 120°C (250°F). The process
weight regulation requires flue gas particulates to be
measured at 120°C (250°F) for compliance. If compliance is
to be achieved, the gas must be cooled and the volatile
compounds condensed before the gas passes through the add-on
control equipment. This can be accomplished by evaporative
cooling, dilution, or convection/radiation heat exchange.
Because control by scrubbing is a wet operation, the gases
are cooled by water as they pass through a guencher or
scrubber.

Evaporative cooling with water (also known as spray

cooling) has two principal advantages. First, this type of



cooling does not greatly increase the gas volume, and
second, it requires relatively little space. Consideration
must be given to water availability and corrosion protection,
however, when analyzing an evaporative cooling system.

Gas cooling with dilution air is the simplest method,
but it is not economical because it greatly increases the
gas volume flow rate to the add-on control system. This
increased flow rate greatly increases the size and cost of
the control device, and it could necessitate modifications
to or replacement of the existing stack. Increased gas
volumes would also decrease particulate concentrations in
the gas at the inlet of the control system, thereby making
it more difficult to achieve high particulate removal effi-
ciencies.

Air-to-air heat exchangers have economic limitations
and are disadvantageous for cooling larger gas volumes.

They require a great deal of space, and the installed cost
of this type of heat exchangers is also higher than any
other cooling method.

Gas cooling by natural convection and radiation, causes
the duct to become hot (because of the hot gas flowing
through it), and it heats the surrounding air. Natural
drafts are formed as the temperature of the air increases,
carrying the heat away from the ducts. Heat is also discharged
by radiant heat to the area surrounding the hot duct. Both
temperature decreases in the hot gas flowing through a short
duct length and temperature increases in the surrounding air
are limited.

Those IGCI members who recommended dilution air cooling
expressed the belief that this is the only technically
feasible cooling method, despite obvious disadvantages.

They rejected spray cooling because it would require the

control device to be operated at a temperature lower than



the acid dew point. They rejected the air-to-air heat
exchanger because the skin temperature of the heat transfer
surface would be below the acid dew point of the gas.

Data are not available on gas dew points for the smelters.
However, calculations based on gas composition data indicate
that the flue gas dew point is above 120°C (250°F). This
could create corrosion problems in gas handling and treatment
equipment. Some copper smelters that cool gases to temperatures
as low as 93°C (200°F) before treatment use brick-lined
flues and a brick and mortar stack with acid-proof lining.

At one copper smelter, gas from the fluid bed reactor,
electric furnace, and converters is treated in a fabric
filter control system; at three other smelters the gases are
treated in a cold ESP. No wet scrubbers are used to control
emissions from copper reverberatory furnaces in the United
States. According to some IGCI members, fabric filters have
been successfully used to clean reverberatory furnace gases
at smelters in Canada.

An add-on control system must be equipped with a fan to
handle the additional pressure drop across the system (a few
inches W.C. when ESP's or fabric filters are used, and up to
100 inches W.C. if scrubbers are used). When the fan is
located upstream of the control system, the volume of gas
flow is large (because the gas is at high temperature).

When the fan is located downstream of the control system, it

does not have to handle such a large gas flow (because the

gas is at low temperature); however, the control device must

be of a heavier construction and reinforced because it must
withstand high negative pressures. In either case, the fan

must be insulated for protection against corrosion or constructed
of corrosion-resistant materials. The duct work must also

be well insulated.



The following section presents evaluations of different
add-on control systems for application at the Magma Copper
Company and Phelps Dodge Corporation smelters in question.
4.1 ADD-ON CONTROL SYSTEMS FOR MAGMA COPPER COMPANY, SAN

MANUEL, ARIZONA

The reverberatory furnace flue gas is now treated in a
hot ESP, which operates at 300°C (573°F) and has a design
removal efficiency of 98 percent (measured by the ASTM in-
stack methods). (This efficiency has never been verified by
actual ASTM testing.) In EPA Method 5 sampling tests, the
flue gas volume flow rate measured 18,264 m3/min (645,000
acfm) at 300°C (573°F), and particulates averaged 1.76 g/m3
(0.77 gr/scf) at 120°C (250°F), with a maximum of 2.9 g/m3
(1.25 gr/scf) at the outlet of the ESP. The allowable
particulate emission rate for the furnace is 18 kg/hr (39.7
1b/hr) or 0.032 g/m3 (0.014 gr/scf). Thus, additional
particulate matter control with an average efficiency of
98.18 percent (maximum 98.88 percent) is required for com-
pliance. The three units of the hot ESP are situated in
parallel (west to east), and the stack is located to the
north. These units operate under negative pressure without
a fan.

Enough space is available for add-on control equipment
south of the existing SCRA* pilot plant. Evaluations of
different add-on control for the Magma smelter reverberatory
furnace are discussed in this section. Magma Copper Company
is planning to convert the reverberatory furnaces from gas
and oil firing to coal firing. The evaluations of add-on
control systems in this section do not apply to conditions
that will prevail after the reverberatory furnaces have been
converted to coal.

*
Smelter Ceerdinating Research Association.
Control



Add-on Fabric Filter Control System

Appendix B presents an add-on fabric filter control
system specification for Magma Copper Company- Based on
their best judgment, two IGCI members evaluated a system
according to this specification. Table 4-1 presents the
design parameters for these evaluations.

Evaluation A on this table involves a system designed
to cool gases from the hot ESP to 120°C (250°F) in a spray
cooling chamber, then to treat the gases in a fabric filter.
Design and instrumentation of the spray chamber must be
precise to keep the exit gas in dry condition. The chamber
is a cocurrent spray tower made of carbon steel with a
brick-lined bottom. The top of the chamber requires no
lining. The gas transportation portion downstream of the
chamber is properly lined to resist corrosion. Bag material
is fiberglass to insure that no damage occurs if the cooling
system fails. The baghouse external wall is constructed of
insulated carbon steel.

Evaluation B involves a system designed to cool the hot
ESP exit gas to 120°C (250°F) by the addition of dilution
air and to treat the gas in a fabric filter system equipped
with dacron bags. The dilution air cooling increases the
volume of gas to be treated to about four times that of the
original volume exiting the hot ESP. The bidder expressed
his belief that although dilution air cooling greatly in-
creases the size and cost of the collection equipment, it is
technically superior to the spray chamber or the air-to-air
heat exchanger. The inlet and outlet plenums and the plate
compartment walls of the baghouse system are made of 3/16-
in. A36 material. A mineral wool insulation 3 in. thick and
aluminized steel logging are used in the baghouse.

The best solution for temperature control appears to be



Table 4-1.

DESIGN PARAMETERS OF ADD-ON CONTROL

FABRIC FILTER SYSTEM FCR MAGMA COPPER SHELTER.

Parameter

Evaluation A

Evaluation B

System description

Gas volume flow rate_from the
existing ESP to cooling
system:
Actual conditions
Standard conditions®
Temperature
Moisture content
Particulate loading:a
Concentration
Weight rate
Type of cooling
Number of units
Dimensions of each unit
Water consumption
Dilution air

Fabric Filter System

Total volume flow from cooling
system to add-on fabric filter
system:

Actual conditions

Standard conditions

Temperature

Moisture content
Filter type

Air-to-cloth ratio (net)
Air-to-cloth ratio (gross)
No. of compartments (net)
No. of compartments (gross)
Cleaning mechanism

Fan: Location
Number
Pressure drop

Power required (total)

Spray water cooling of gas to
120°C (250°F). fabric filter
followed by a fan

18,264 m>/min (645,000 acfm)
9,316 m>/min (329,000 scfm)
300°C (573°F)

8.7%

1.762 g/m> (0.77 gr/scf)
979 kg/hr (2158 1lb/hr)

Concurrent water spray cooling
2
6.1 mx 21.3 m (20 ft x 70 f¢t)

61.32 m3/hr (270 gpm)

13,400 m3/min (474,640 acfm)
10,039 m>/min (354,310 scfm)
120°C (250°F)

21.1%
Fiber glass

2:1
34

Reverse air

Downstream of the system
3

2.985 kPa (12 in. W.C.)

1100 kW (1475 HP)

Air dilution of gas to 120°C
(250°F), fabric filter followed
by a fan

18,264 m3/min (645,000 acfm)
9,316 m>/min (329,000 scfm)
300°C (573°F)

8.7%

1.762 g/m3 (0.77 gr/scf)
979 kg/hr (2158 1b/hr)

Dilution air

2652 m>/min (936,500 scfm)

49,554 m>/min (1,750,000 acfm)
36,990 m3/min (1,306,000 scfm
120°C (250°F)

2.2%
Combination dacron

1.49:1

1.37:1

38

41

Shaker type

Downstream of the system
8

2.737 kPa (11 in. W.C.)

4705.4 kW (6310 HP)




a combination of spray cooling and dilution cooling. Cal-
culations show that cooling the gas to 204°C (400°F) by
water evaporation, then to 120°C (250°F) by air dilution,
would increase the gas volume to 23,530 m3/min (831,000
acfm), which is only about 50 percent of that which would be
produced by complete reliance upon air dilution cooling.

Add-on Fabric Filter Control System Costs

Tables 4-2 and 4-3 present a capital and annual operat-
ing cost breakdown for Evaluations A and B. These evaluations
represent the cost of equipment as of the last quarter of
1977. Only basic equipment is included; no spares are
represented in these costs. Duct costs are estimated on the
basis of 110 m (360 ft) of duct from the existing ESP outlet
to the inlet flange of the system, an appropriate length
within the system, and a return duct of 107 m (350 ft) from
the system outlet to the existing stack. Capital charges in
the annual operating costs were calculated as 17.5 percent
of total turnkey costs. This rate is based on a 10 percent
interest rate, 15 years equipment life, and 4.3 percent for
taxes and insurance.

The data show that an add-on fabric filter system to
enable Magma Copper Company to comply with the applicable
emission regulations will entail capital costs of $337.73 to
$854.52 per m3/min ($9.56 to $24.20 per acfm) of ESP exhaust
gas, depending on the type of cooling system included and
based on a gas flow rate of 18,264 m>/min (645,000 acfm).
System A, which contains a spray chamber for gas cooling and
a fabric filter for particulate control, costs $337.73 per
m3/min ($9.56 per acfm) of gas introduced into the system.
System B, which uses dilution air cooling for gas temperature
reduction and a fabric filter for particulate control, costs

$854.52 per m3/min ($24.20 per acfm) of gas introduced into



Table 4-2.

CAPITAL COST DATA FOR ADD-ON CONTROL

FABRIC FILTER SYSTDM FOR MACMA COPPER SMELTER.

Parameter

Evaluation A

Evaluation B

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature
Moisture content

Contaminant loading:

Inlet, concentration

Spray water cooling of gas to
120°C (250°F). fabric filter
followed by a fan

13,440 m3/min (474,640 ‘acfm)
10,000 m>/min (354,310 acfm)
120°C (250°F)

21.1%

1.6 g/m> (0.716 qr/scf)

Air dilution of gas to 120°C
(250°F), fabric filter followed
by a fan

49,550 m3/min (1,750,000 acfm)
36,980 m3/min (1,306,000 acfm)
120°C (250°F)

2.2%

0.71 g/m> (0.310 gr/scf

Inlet, flow rate 989 kg/hr (2180 1lb/hr) 1599 kg/hr (3524 1b/hr)
Qutlet, concentration 0.028 g/m3 (0.012 gr/scf) 0.0092 g/m3 (0.004 gr/scf)
Outlet, flow rate 18.0 kg/hr (39.7 1b/hr) 18.0 kg/hr (39.7 1B/hr)
Cleaning efficiency, % 98.2 98.8
Gas cleaning equipment cost $1,447,500 $6,200,000
Cost of auxiliaries:
Fan w/drive 143,400 1,000,000
Screw conveyor/air lock 58,800 a
Cooling tower/accessories 263,100
Total equipment cost $1,912,800 $7,200,000
Installation costs, direct:
Foundation and supports $ 114,800 b
Duct work® 1,412,000 2,387,000
Stack 0 0
Piping 19,100 b
Insulationd 378,800 2,053,000
Painting 47,800 b
Electrical 210,400 b
Other 475,000 3,483,000
Total direct costs $2,657,900 $ 7,923,000
Installation costs, indirect:
Engineering $ 187,500 4
Construction & field expenses 994,600 4
‘Construction fees 296,500 d
Start-up 25,500 $ 22,000
Performance test 17,000 30,000
Contingencies 76,500 432,000
Total indirect costs $1,597,600 § 484,000
Turnkey cost $6,168,300 $15,607,000

Included in others,

Q0

Included with direct cost.

Includes material and labor, necessary insulation,
For gas cleaning equipment only.

Included in gas cleaning equipment.

4-10

and lining of

duct.



Table 4-3.

ANNUAL OPERATING COST DATA FOR ADD-ON

FABRIC FILTER FOR MAGMA COPPER SMELTER.

Parameter

Evaluation A

Evaluation B

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature
Mois;ure content

Contaminant loading:

Spray water cooling of gas to

120°C (250°F), fabric filter
followed by a fan

13,440 m3/min (474,640 acfm)
10,000 m3/min (354,310 scfm)
120°C (250°F)

21.1%

1.6 g/m3 (0.716 gr/scf)

Air dilution of gas to 120°C
(250°F), fabric filter followed
by a fan

49,500 m3/min (1,750,000 acfm)
36,980 m3/min {1,306,000 scfm)
120°C {250°F

2.2%

0.71 g/m3 (0.310 gx/scf)

Inlet, concentration
Inlet, flow rate 989 kg/hr (2180 1b/hr) 1599 kg/hr (3524 1b/hr)
Outlet, concentration 0.028 g/m3 (0.012 gr/scf) 0.0092 g/m3 (0.004 gr/scf)
Outlet, flow rate 18.0 kg/hr (3v.7 ib/nr) 18.0 kg/hr (35.7 1lo/nr)
Cleaning efficiency
Operating hours per year B760 8760
DIRECT COSTS
Operating labor:
Operator, $10/man-hour $43,800 $41,600
Supervisor, $12/man-hour 8,800
Total 52,600 41,600
Maintenance:
Labor, $10/man-hour 43,800 315,500
Materials 1,900 4,200
Total 45,700 319,700
Replacement parts 59,500 a
Utilities
Electricity, $0.03/kWh 473,700 1,375,000
Water, $0.25/1000 gal. 36,400 a
Compressed air, $0.02/1000 ft3 500
Total 510,100 1,375,500
Total direct costs: < 667,900 $1,73%6,900
Capital charges 1,079,300 2,731,200
$1,747,200 $4,468,000

Total annual cost

a

Included in maintenance labor.



the system. The respective gas cleaning equipment (including
auxiliaries) costs are 31 percent of the total turnkey
capital costs for Evaluation A and 46 percent for Evaluation
B. Annual operating costs of particulate removal are $0.21/kg
($0.09/1b), or $4787/day, for Evaluation A, and $0.32/kg
($0.15/1b), or $12,241/day, for Evalulation B. Utility

costs and capital charges represent about 91 percent of the
total annual operating costs for Evaluation A and 92 percent
for Evaluation B.

Add-on Wet Scrubber Control System

Appendix B contains a specification for an add-on wet

scrubber system at the Magma Copper smelter. Based on this
specification, three bidders used their best judgment to
evaluate the scrubber system.

Although all three evaluations are based on the same
specification, they are not comparable because the individual
systems are designed for different pressure drops (AP)
across the system. Pressure drop is a principal design
parameter of a system, usually determined by particle size
distribution and chemical analysis of the particulate
matter. Because of a lack of sufficient data on these
parameters, the bidders used their experience and judgment
to determine pressure drop. Table 4.4 presents design
parameters of these evaluations (C, D, and E).

In Evaluation C, ESP exhaust exit gas is treated in two
identical scrubber units, each containing a quencher, an
adjustable venturi, a flooded elbow, and a mist eliminator
followed by two fans. Each unit treats half of the total
volume flow, which is 9132 m3/min (322,500 acfm). Estimated
pressure drop for this system is 24.9 kPa (100 in. W.C.).
The quencher is fabricated of carbon steel at least 1/2 in.

thick. The inlet flow passage to the quencher, the outlet
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Table 4-4.

MAG!‘A COPPER SMELTER

ADD-ON CONTROL SCRUBBER SYSTEM DESIGN PARAMETER FOR

Parameter

Evaluation ¢

Evaluation D

- Evaluation E

System description

Gas volume flow rate from the
existing ESP to the system:

Actual conditions
Temperature
Standard conditions
Moisture content
Particulate loading:a
Concentration
Weight rate
Number of units
Gas volume flow rate to
quencher/prequencher in each
unit:
Actual conditions
Temperature

Standard conditions

Quencher dimensions

Evaporative water addition to

A prequencher, an adjustable
venturi, a flooded elbow, and
a mist eliminator separator
followed by two fans

18,264 m>/min (645,000 acfm)
300°C (573°F)
9260 m3/min (327,000 scfm)

8.7%

1.762 g/m> (0.77 gr/scf)

979 kg/hr (2158 lb/hr)
2

9075 m3/min (320,500 acfm)
300°C (573°F)

4630 m /min (163,500 scfm)
3.2mx 1.07 m (10.5 ft x
3.5 ft)

34.1 m>/hr (150 gpm)

A fan, a separate guencher, and

a venturi scrubber

18,264 m3/min (643,000 acfm)
300°C (573°F)
9260 m3/min (327,000 scfm)

8.7%

1.762 g/m> (0.77 gr/scf)

979 kg/hr (2158 lb/hr)
2

9075 m3/min (320,500 acfm)
300°C (573°F)
4630 m>/min (163,500 scfm)

4.6 m x 11.6 m (15 ft x 38 ft)

51.1 m3/hr (225 gpm)

A prequencher, a venturi, and
a separator followed by a fan

18,264 m>/min (645,000 acfm)
300°C (573°F)

9260 m3/min (327,000 scfm)
8.7%

1.762 g/m3 (0.77 gr/scf)

979 kg/hr (2158 lb/hr)
1

9075 m3/min (320,500 acfm)
300°C (573°F)
4630 m>/min (163,500 scfm)

5.03 m x 12.2 m (16,5 ft x
40 ft)
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Table 4-4 (continued).

Parameter

Evaluation C

Evaluation D

Evaluation E

Gas volume flow rate at scrub-
ber exit in each unit:

Actual conditions
Temperature
Standard conditions
Molisture content
Particulate locading

Scrubber system clean effi-
ciency

Scrubbing water guantity
(recycled)

Venturi scrubber rate
Makeup water addition rate
Total scrubber pressure drop

Scrubber dimensions

Demister dimensions

Fan location

Number of fans per unit

Estimated power required

9872 m3/min (349,160 acfm)
52°C (125°F)

10,800 m>/min (382,220 scfm)
12.94%

0.032 g/rn3 (0.024 gr/act)

98.2%

35,77 m>/min (9450 gpm)

35.7 m3/min (9430 gpm)
1.19 m¥/min (314 gpm)P
24.9 kPa (100 in. W.C.)

7.6 mx 10.7 m x 16m (25 ft x
35 £t x 53 ft)

3.4mx 5.2mx 0.6 m (11 ft x
17 ft x 2 ft)

Downstream of the scrubber
2

2790 kW (3750 HP)

6625 m3/min (233,970 acfm)
64°C (148°F)

4660 m>/min (164,500 scfm)
25.4%

0.032 g/m> {0.014 gr/acf)

99.0%

6.18 ™ /min (1635 gpm)

6.2 m3/min (1640 gpm)
1.92 wd/min (503 gpm)©
14.92 kPa (60 in. W.C.)

5.9 mx 11.6 m (19 ft 6 in.
38 £t 5 in.)

5.9 m x 9.025 m (19 ft 6 in.
1 in. high)

Upstream of the scrubber
1

3251 kW (4360 HP)

X

X

11,950 m3/min (421,900 acfm)
60°C (140°F)

11,150 m/min (393,740 scfm)

0.032 g/m> (0.014 gr/sct)

Minimum 98.2

11.34 m>/min (3000 gpm)

1.02 m3/min (280 gpm)

6.47 kPa (26 in. W.C.)

9.1 m x 18.2 m (30 ft x 60 ft)
9.14 m dia. (30 ft dia.)

18.2 overall length (60 ft
overall length

Downstream of the system

1

2050 kW (2750 HP)

2 Maximum particulate locading during furnace charging is 2.86 g/m3 or 1584 kg/hr (1.25 gr/scf or 3504 1lb/hr)

b

that removed from the system for treatment.

c

that removed from the system for treatment.

68.4 m3/hr (303 gpm) water for evaporation into the gas in gquencher and 2.3 m3/hr (10.1 gpm) water to make up for

101 m3/hr (450 gpm) water for evaporation into the gas in quencher and 14.4 m3/hr (63 gpm) water to make up for



flow passage from the venturi to the flooded elbow, and

the flooded elbow itself are all fabricated of carbon steel
at least 1/2 in. thick, lined with Ceilcote. The venturi
scrubber is fabricated of 1/2-in. thick Grade B or Grade C
steel plate. The converging throat and diverging sections
are lined with silicon carbide brick. The wetted parts of
the fan are made of 316 L SS.

The system in Evaluation D contains two scrubber units,
each with a fan and separate quencher followed by a venturi
scrubber. This system operates at a pressure drop of 14.94
kPa (60 in. W.C.). The bidder believes this pressure drop
and associated power requirements could be significantly
lower, and that a pilot test should be conducted to determine
actual pressure drop. The preconditioner is constructed of
mild steel with a Gunite or Savereisin acid-resistant
cement lining. Flow velocities are low to reduce abrasive
wear. The scrubber would be constructed of 316 L stainless
steel unless the scrubbing water is high in chlorides.

The one-unit scrubber system in Evaluation E consists
of a prequench section, a venturi, and a separator section
followed by a fan. The pressure drop of this system is 6.47
kPa (26 in. W.C.). The bidder indicated that some study has
been made regarding the scrubbing of reverberatory furnace
gases in copper smelters; and, based on limited scrubbing
pilot plant data, he believes that a pressure drop of 6.47
kPa (26 in. W.C.) is a reasonable choice to produce 96 to 98
percent efficiency by weight. The general material of
construction is acid-brick-lined steel; the hot gas 2zones
and high-velocity sections of the scrubbers are constructed
of FRP-lined steel. All alloy parts in the venturi are of
Inconel 625. The fan wheel and shaft will be supplied in
Incoloy-825 or 904L material. Inlet ducting is a 1/4-in.
and 3/8-in. carbon steel with exterior weatherproof insula-

tion. The material of construction for the prequencher and



venturi is 1/4-in. and 3/8-in. carbon steel with 60- to 80-
mil flaked-glass lining plus 3-in. acid brick and foam glass
interior lining. Alloy parts are of Inconel 625. The
separator is 1/4-in., 3/8-in. and 1/2-in. carbon steel with
60- to 80-mil flaked glass lining. The base of the separator
mill is lined with 3-in. acid brick up to 2 ft. above gas
inlet. The exit ducting to the fan and stack is of 5/8-~in.-
thick FRP-Hetron 197 with flame retardant.

Carbon steel is the material of construction for the
water treatment systems in all evaluations.

Based on these evaluations, it is apparent that pilot
plant tests are necessary to produce a wet scrubber with the
desired efficiency.

Add-on Wet Scrubber Control System Costs

Tables 4.5 and 4.6 present capital and annual operating
costs for the three systems. These evaluations represent
the cost of equipment during the last gquarter of 1977. They
include only basic equipment (no spare equipment). The
following parameters were used in the duct cost estimate:

a duct length of 110 m (360 ft) from the existing ESP exit
to the add-on control system inlet, an appropriate duct
length within the system, and a return duct of 107 m (350

ft) from the add-on system outlet to the existing stack.
Capital charges in the annual operating costs were calculated
by using 20.5 percent of the total turnkey cost. This rate
is based on an interest rate of 10 percent, an equipment
life of 10 years, and a tax and insurance rate of 4.22
percent.

Data show that the turnkey capital cost of an add-on
scrubber system ranges from $218 to 279 per actual cubic
meter/min ($6.18 to 7.89 per acfm) of gas entering the
system. The individual turnkey capital cost estimates are
$264.13, $218.24, and $278.69 per actual cubic meter/min
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Table 4-5.

MAGHMA COPPER SMELTER

CAPITAL COST DATA FOR ADD-ON CONTROL SCRUBBER SYSTEM FOR

Parameter

Evaluation C

Evaluation D

Evaluation E

System description

Gas flow at scrubber outlet:
Actual conditions
Temperature
Standard conditions
Moisture content

Contaminant loading:a
Inlet
Inlet
Outlet
Outlet

Cleaning efficiency

A prequencher, an adjustable
venturi, a flooded elbow, and
a mist eliminator separator
followed by two fans

19,744 m>/min (698,330 acfm)
51.6°C (125°F)
10,800 m>/min (382,220 scfm)

12.44%

1.76 g/m3 (.77 gr/scft)

984 .31 kg/hr (2170 1b/hr)
0.032 g/m3 (0.014 gr/scf)
18.01 kg/hr (39.7 1lb/hr)

98.2%

A fan, a separate quencher, and
a venturi scrubber

13,250 m>/min (467,941 acfm)
64°C (148°F)
9320 m>/min (329,000 scfm)

Saturated

1.76 g/m> (.77 gr/scf)

984.31 kg/hr (2170 1b/hr)
0.032 q/m3 (0.014 gr/scf)
18.01 kg/hr (39.7 lb/hr)

98.2%

A prequencher, a venturi, and
a separator followed by a fan

11,950 m>/min (421,900 acfm)
54.4°C (130°F)

10,050 m>/min (354, 780 scfm)

1.76 g/m3 (0.77 gr/scf)

984.31 kg/hr (2170 lb/hr)
0.032 g/m3 (0.014 gr/scf)
18.01 kg/hr (39.7 lb/hr)

98.2%

Gas cleaning equipment costb

Cost of auxiliaries:
Fan with drive
Pumps
Tanks

d
Water treatment

Others

$506,000

$1,183,000
20,000

ol
126,000

89,000

$273,600

$661,400
29,000
118,000
121,300

75,700

$1,000,000

$340,000
50,000
20,000

150,000



BT~V

Table 4-5 (continued).

Parameter

Evaluation C

Evaluation D

Evaluation E

Total equipment cost

Installation costs, direct:

Foundation and supports
Duct workf
Stack
Piping
Insulation?
Painting

Electrical

Other

Total direct costs

Installation cost, indirect:

Engineering

Construc. & fields expenses
Construction fees

Start-up

Performance test
Contingencies

Total indirect costs

Turnkey cost

$1,924,000

S 106,300
2,000,000

0

75,000
12,100
7,600
172,900

$2,373,900

$ 35,400
374,400
5,100
25,300
35,400
50,500
526,200
$4,824,100

$1,279,000

$ 90,000
2,402,000
0

65,000
25,000
12,800

36,200

$2,631,000

s 22,000
20,000
5,000
7,000
12,000
10,000
76,000
$3,986,000

$1,560,000

1,737,000

$l,793,000h

$5,090,000

a

[T T o K 1 T < TR o N o

h rncludes total of direct costs and indirect costs, excluding foundation and duct costs.

Particulate content of the gas at the inlet and outlet is based on the gas flow rate of 9260 m3/min
(327,000 scfm) to the system.

Includes preconditioning equipment

(quencher) ,

Included in the gas cleaning equipment cost.

Materials and labor.
Piping and instrumentation.
Includes material and labor,

For gas cleaning equipment.

scrubber,

and associated tanks.

and necessary insulation and lining of duct.
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Table 4-6.

MAGMA COPPER SMELTER

ANNUAL OPERATING COST DATA FOR ADD-ON CONTROL SCRUBBER FOR

Parameter

Evaluation ¢

Evaluation D

Evaluation g

System description

Gas flow at scrubber outlet:
Actual conditions
Temperature
Standard conditions
Moisture content

Contaminant loading; @

A prequencher, and adjustable
venturi, a flooded elbow, and
a mist eliminator separator
followed by two fans

19,744 m>/min (698,330 acfm)
51.6°C (125°F)
10,800 m>/min (382,220 scfm)

12.44%

A fan, a separate quencher, and
a venturi scrubber

13.250 m3/min (467,941 acfm)
64°C (148°F)
9320 m3/min (329,000 scfm)

Saturated

A prequencher, a venturi, and
a separator followed by a fan

11,950 m3/min (421,900 acfm)
54.4°C (130°F)

10,050 m3/min (354,780 scfm)

Inlet 1.76 g/m3 (0.77 gr/scf) 1.76 g/m3 (0.77 gr/scf) 1.76 g/m3 0.77 gr/scf)
Inlet? 984.31 kg/hr (2170 1b/hr) 984.31 kg/hr (2170 1lb/hr) 984.31 kg/hr (2170 lb/hr)
Outlet 0.016 g/m3 (0.014 gr/scf) 0.018 g/m3 (0.014 gr/scf) 0.032 g/m3 (0.014 gr/scf)
Outlet? 18.01 kg/hr (39.7 1lb/hr) 18.01 kg/hr (39.7 lb/hr} 18:01 kg/hr (39.7 lb/hr)
Cleaning efficiency 98.2% 98.2% 98.2%
Operating hours per year 8760 8760 8760
DIRECT COSTS
Operating labor:
Operator, $10/man~hour $122,200 $87,600 $27,100
Supervisor, $12/man-hour 37,000 24,000 9,700
Total 159,200 111,600 36,800




Table 4-6 (continued).

Parameter Evaluation ¢ Evaluation D Evaluation E
Maintenance:
Labor, $10/man-hour 59,200 3,600 27,100
Materials 41,000 3,000 18,500
Total 100,200 6,600 45,600
N Replacement parts 26,000 20,000 18,500
g; Utilities:
[e]
Electricity, $0.01/kWh 3,136,000 1,744,100 479,800
Water 31,500 53,900 29,400
Chemical water treatment 24,200 9,500 31,800
Total direct cost $3:477,100 $1,945,700 $641,940
‘Capital charges 989,000 817,100 1,043,600
Total annual cost $4,466,100 $2,762,800 1 $1,685,500

8 particulate content df the gas at the scrubber inlet and outlet is based on the gas flow rate
9260 m3/min (327,000 scfm) to the system.



($7.48, $6.18, and $7.89 per acfm) of gas entering the
system for Evaluations C, D, and E respectively. Gas flow
rate to each system is 18,264 m>/min (645,000 acfm). Cost
of gas cleaning equipment, including auxiliaries, varies
from 30 to 40 percent of the total turnkey cost. The respec-
tive annual operating costs for the three systems are $0.53,
and $0.33, and $0.20/kg ($0.24, $0.15, and $0.09/1b) of
particulate removed, or $12,236, $7,569, and $4,618 per day.
Utilities and capital charges represent 71 percent and 22
percent in Evaluation C, 65 percent and 29 percent in
Evaluation D, and 32 percent and 62 percent in Evaluation E.

Add-on Dry ESP Control System

Appendix B contains specifications for an add-on dry
ESP for the Magma Copper Smelter. Using their best judgment,
three members of IGCI evaluated the requirements based on
information given to them. Table 4-7 presents design para-
meters of the add-on dry ESP system.

Evaluations F, G, and H all involve two parrallel
systems, each containing a fan, a cooling system, and an
ESP. The fan is placed on the hot side of the cooling
system to avoid a potential corrosion and imbalance problem.
Design and instrumentation of the cooling system must be
precise to keep the exit gas dry. A pilot study of the ESP
is recommended to assess the corrosive and sticky nature of
the dust.

Add-on Dry ESP Control System Costs
Tables 4-8 and 4-9 present capital and annual operating

cost breakdowns for Evaluations F, G, and H. The evaluations

represent the cost of equipment during the last quarter of
1977. They include only basic equipment (no spare equipment).
Duct costs in the three estimates are based on 110 m (360

ft) of duct from the existing ESP outlet to the inlet of the

add-on control system, an appropriate length within the
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Table 4-7.

FOR MAGMA COPPER SMELTER

DESIGN PARAMETERS OF ADD-ON DRY ELECTROSTATIC PRECIPITATOR SYSTEM

Parameter

Bvaluation P

Evaluation G

_ Evaluation ¥

Syatem description

Gas volume flow rate from the
existing electrostatic pre-
cipitator to cooling system:
Under actual conditions
Under standard conditions
Temperature

Moisture content, percent
Type of cooling

Number of units

Dimensiohs of each unit

Water consumption

Total volume flow rate from
cooling systems to add-on
electrostatic precipitator:
Under actual conditions
Under standard conditions
Temperature

Number of ESP's

Dimension of each

Number of chambers per ESP
Number of fields

Number of passages per
chamber

Length of each field

Field heig}‘:,t

Humber ©of energizing means
Current

Voltage

Wave form

Migration velocity

Specific collecting area,
net

Total power consumption (ESP)
Pan: location
Number

Pressure drop

Power required

A fan, evaporative cooling to
120°C (250°r), a dry electro-
static precipitator

18,264 m>/min (645,000 acfm)
9316 m°/min (329,000 sctm)
300°C (575°F)

0. 7%

Evaporative cooling

2

34.1 nJ/ht (150 gpm)

14,470 % /min (511,000 sctm)
10,801 m>/min (381,450 sctm)
120°C (250°F)

2

19.8 m x 15.8 m 3 15.5 m
(65 ft x 52 ft x 51 ft)8

2
sb

31

2.74 m (9.0 ft)

9.1 m (30 £t)

10

1500 =ma

70 kv

Full

1.96 cm/s (0.13 ft/s)

103.2 = per /s (524 ft3/
1000 actmic

1400 kW (1870 HP)
Hot side of cooling system
2

0.995 kPa (4 in. W.C.)

448 kW (600 HP)

A fan, an evaporative cooling
tower, followed by dry elec-
trostatic precipitator

10,264 ®%/min (645,000 actm)
9316 m>/min (329,000 scfm)
300°C (573°F)

8.7

Evaporative cooling

2

8.99 m dia x 25.5 m length
(29.5 ft dia x 83.6 ft length)

25 m3/hr (110 gpm)

14,040 n°/min (495,830 sctm)
10,48) m/min (370,137 actm)
120°C (250°F)

2

265 m L x 14.83 m W
(87.1 ft L x 48.7 ft W)

1

48

3.8l m (12,5 ft)

9.40 m (30.83 ft)

10

1250 mA

56 kV

P_ull

3.41 om/s (0,112 ft/m)

118 2 per m3/e (597 122/
1000 actm)d

1995 kW (2665 WP}
Hot side of cooling systam
2

1.99 kPa (8 in. W.&.)
429 kW (575 .HP)

A fan, concurrent flow cooling
towar to &M°C (250°F), a ary
electrostatic precipitator

18,264 m3/min (645,000 actm)
9316 »°/ain (329,000 scfm)
300°C (573°F)

.

Evaporative cooling
2

34.1 »%/hr (150 gpm)

13,567 m /min (479,106 acfm)
9401 IJ/nin (332,000 scfm)
120°¢ (250°F)

2

1
3
4“4

3.2¢ » (10.625 ft)
10.97 m (36 ft)

3327 mA
45 kv
rull

4.84 cx/s (0.158 ft/s)

2 per a¥/s (421 ££%/1000

2.9 m
actm)
1100 kW (1475 H#P)

Bot side of cooling syatem
2

1.79) kPa (7.2 in. W.C.)
448 W (600 HP)

& Fxcluding norzles.
® one Fieid ie redundmos.
- = o
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Table 4-8. CAPITAL COST DATA FOR ADD-ON DRY ELECTROSTATIC PRECIPITATOR

SYSTEM FOR MAGMA COPPER SMELTER

Parameter Evaluation F Evaluataon G Evaluation H
System description A tasn, evaporative cooling to A fan, an evaporative cooling A fan, evaporative cooling
120C (250°F), & dry electro- to 120°C {250*F), followed by a tower to 120°C {250°F), a
static precipitator dry electrostatic precipitator dry electrostatic precipi-
Inlet gas (low: tarer
Actual conditions 14,470 m)/nun {511,000 acfm} 14,040 lnl/rnxn (485,830 acfm) 131,567 m]/mxn (479,106 scfm
Standard conditions 10,801 w’/min (381,450 sctm) 10,481 n¥/min (370,137 sctm) 9401 =’/min (332,000 scfm
Temperature 102°C (250°F) 120°C (250°F}) 120°C (250°F)
Contaminant )oadmg:‘
lInlet, concentration 1.76 q/m) (0.77 gr/scf) 1.76 t;/m.J {0.77 gr/scf) 1.7¢ g/n] (0.77 gr/scf)
Inlet, wt. rate 984.31 kg/hr (2170 1b/hr} 984.31 hg/hr (2170 1b/hr) 984.31 kg/hr (2170 lb/hr}
Outlet, concentration 0.032 g/m’ 10.014 gr/scl) 0.032 g/m> (0.014 gr/act) 0.032 g/m’ (0.014 gr/scl)
Outlet, wt. rate 18.01 kg/hr {39.7 lb/hr} 18.01 kg/hr (19.7 lb/nr) 18.01 kg/hr (19.7 lb/hr)
Cleaning efficiency 98.2% 98.2% 98.2y
Gas cleaning equipment cost $1,688,000 $1,960,000 $2,053,000
Cost of auxiliaries:
Fan with drive 223,000 300,000 271,400
Evaporative cocling tower 83,000 863,000 683,000
Others 384,000 300, 000° 211, 6004
Total equipment cost $2,978,000 $1,423,000 $3.21%,000
Installation costs, direct:
Foundation and supports $ 293,000 . s 216,000 s 01,200
{(mr)®
Duct '-tol'kt 1,504,000 1,513,800 1,497,000
Stack 0 ] o
Piping Not quoted Not quoted Not quoted
Insulation 0 [ 0
Painting Hot quoted Not quoted 136,000
Electrical (material « labor)] Not quoted 437,400 Not quoted
other 1,570, 5007 1,829, 000" 1,792,000%
Total direce costs $3,367,500 $3,996,200 $3,706,200
Installation costs, indirect:
Engineering h] § 308,000 k
Constr. and field expenses b 235,000 $ 132,000
Construction fees b) 84,000
Start-up b 25,000 25,000 11,800
Performance test 1 15,000 31,400
Mode)l study 15,000 50,000
Contingencies 280,000 105,000 258,300
Total indirect costs s 120,000 $1,022,000 3 453,700
Turnkey Cost 3n.665,500 $8.441,200 57,178,800
. :::l;;::::t cuntent of the gas at the inlet and cutlet is based on a qas flov rate ut 9260 o' sin 1127,000 sctmy to r: Installation lsbor for 9as cleaning equipsent and ausiliaries
includes screw conveyore, slide gates, and louver dampers. About 92.5 percent for installation of total gas cleaning equipment

and remaining for freight on equipment
Included in others.
| Included in equipmsnt cost.

Access and dust disposal.

Slide gates and dampers.

-

Includes only material and labor for precipitator supports.

Included in cost of start-up.
Includes material and labor, insulation. and lining. .

a ~ 8 00

Includes cost of ercction labor for total qges cleaning equipment, direct costs of electrical arrangements, and indirect
costs connected with engineering and construction.
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Table 4-9,

ANNUAL OPERATING COST DATA FOR ADD-ON CONTROL

DRY ELFCTROSTATIC PRECIPITATOR FOR MAGMA COPPER SMELTER

Parameter

Evaluation F

Evaluation G

Evaluation H

System descraption

Inlet gas flow
Actual conditions
Standard conditions
Temperature
Contaminant loadxnga
Inlet, concentration
Inlet, wt. rate
Outlet, concentration

Qutlet, wt. rate

A fan, evaporative cooling to
120°C {250°F), a dry electro-
static precipitator

14,470 m>/min (511,000 acfm)
10,801 mJ/mln (381,450 scfm)

120°C (250°F)

1,76 g/m® (0.77 qr/scf)
984.31 kg/hr (2170 lb/hr)
0.032 g/m’ (0.014 gr/scf)

18.01 kg/hr (39.7 lb/hr)

A fan, an evaporative cooling
tower, followed by dry electr
static precipitator

14,040 m/min (495,830 acfm)
10,481 m*/min (370,137 scfm)

120°C (250°F)

1.76 g/m> (0.77 gr/scf)
984.31 kg/hr (2170 lb/hr)
0.032 g/m> (0.014 gr/scf)

18.01 kg/hr (39.7 lb/hr}

o-

A fan, concurrent flow cool-
ing tower to 120°C (250°F)
a dry clectrostatic preci-
tator

13,567 m°/min (479,106 acfm)
9401 ml/min {332,000 scfm)

120*C {250°F)

1.76 g/m> (0.77 qr/scf)
984.31 kg/h (2170 lb/hr)
0.032 g/m’ (0.014 gr/scf

18.01 kg/hr (39.7 1b/hr}

Cleaning efficiency 98.2% 98.2% 98.2%
Operating hours per year B760 B760 B760
DIRECT COSTS
Operating labor
Operator, $10/man-hour $21,500 $32,000 $11,000
Supervisor, $21/man-hour 4,400 4,500 4,500
Total 25,900 36,500 15,500
Maintenance
Labor, $l0/man-hour 11,000 12,600 8,000
Materials 7,800 7,800 4,500
Total 18,800 20,400 12,500
Replacement partd 5,200 b 4,500
Utilities
Electricity, $0.03/kWh 367,900 524,300 290,000
Water, $0.25/1000 gal 19,700 14,500 19,700
Total 387,600 538,800 309,700
Total direct costs 437,500 595,700 342,200
Capital charges $1,166,500 $1,477,20n0 $1,291,300
Total annual cost 51,604,000 $2.072,900 $1,613,500

the system.

b Included in maintenance.

1
Particulats content ot the gas at the inlet ond outlet 1s based on a gas Llow rate of 9260 m

sman

(327,400 s5ctm) to



system, and a return duct of 107 m (350 ft) from the system
outlet to the existing stack. Capital charges in the annual
operating costs were calculated by using 17.5 percent of the
total turnkey costs. This rate is based on a 10 percent
interest rate, 15 years of equipment life, and a rate of
4.35 percent for taxes and insurance.

The data show the use of an add-on dry ESP system to
enable Magma Copper Company to comply with the applicable
emission regulation will entail capital costs of $365 to
$462 per m3/min ($10.00 to $13.00 per acfm) based on exist-
ing ESP exhaust gas flow rate of 18,264 m3/min (645,000
acfm). The respective turnkey capital costs are $365 per
m3/min ($10.33 per acfm) for Evaluation F, $462 per m3/min
($13.00 per acfm) for Evaluation G, and $404 per m3/min
($11.44 per acfm) for Evaluation H. The respective gas
cleaning equipment costs are 45 percent of the total turnkey
capital costs for Evaluation F, 41 percent for Evaluation G,
and 44 percent for Evaluation H. Annual operating costs of
particulate removal are $0.19/kg ($0.09/1b), or $4480/day,
for Evaluation F and Evaluation H, and $0.25/kg ($0.11/1b),
or $5679/day, for Evaluation G. Utility costs and capital
charges represent about 97 percent of the total annual
operating costs for Evaluation F and Evaluation G, and 98
percent for Evaluation H.

Add-on Wet Electrostatic Precipitator (WEP) Control System

Appendix B contains specifications for an add-on wet
ESP at the Magma Copper smelter. Table 4-10 presents the
design parameters of one WEP system (Evaluation I). The
system involves a WEP designed to cool gases from the exist-
ing ESP in an evaporative cooling tower to 120°C (250°F),
then to treat the gases in a WEP. The evaluation involves

two parallel systems consisting of a fan, an evaporative



Table 4-10. ADD-ON CONTROL WET ELECTROSTATIC PRECIPITATOR

SYSTEM DESIGN PARAMETERS FOR MAGMA CQPPER SMELTER

Parameter

Evaluation I

System description

Gas volume flow rate from the existing
electrostatic precipitator to system:

Actual conditions
Standard conditions
Temperature
Moisture content

Cooling system: type
Number of units
Dimensions of each unit
Liquid- to-gas ratio, L/G

Electrostatic precipitator system

Total volume flow rate at add-on pre-
cipitator system inlet or at gas cool-
ing system outlet:

Actual conditions

Standard conditions

Temperature
Number of ESP's
Number of chambers per ESP
Number of fields per ESP
Number of passages per chamber
Length of each field
Field height
Number of energizing means
-Current
Voltage
Wave form
Migration velocity
Spray water
Flush water for inlet transition
Flush water for ESP platesa
Specific collecting area
Fan: Location

Number
Pressure drop

Power required

Two units each consists of a fan, an
evaporative cooling tower, and a wet
electrostatic precipitator

18,151 m°/min (641,000 acfm)

9313 m3/min (328,877 scfm)

300°C (573°F)

8.7%

Evaporative cooling tower

2

8.99 m x 25.98 m (29.5 ft x 83.6 ft)

0.0974 m3 per m3/min (355 gal/1000 acfm)

14,040 m/min (495,830 acfm)
10,480 m°>/min (370,137 scfm)
120°C (250°F)

2

1

4a

31

3.33m {10.92 ft)

9.40 m (30.83 ft)

4

200 mA

55 kv

Full

0.079 m/s (0.262 ft/s)
5686 m3/min (1502 gpm)
1567 m3/min (414 gpm)
15,490 m3/min (4092 gpm)
49.6 m? per m3/s (253 ft2/1000 acfm)
Hot-side cooling tower
2

1.99 kPa (8 in. W.C.)

429 kW (575 HP)

2 One field is redundant.

26



cooling tower, and a WEP. The fan is located upstream of
the cooling system to prevent a potential corrosion problem.
The WEP is generally chosen when the particulate tends to be
sticky and does not drop when the plates of a dry ESP are
rapped. The WEP is a continuously sprayed, horizontal flow,
parallel plate, and rigid frame discharge electrodes type.
Water from a precisely designed water nozzle arrangement is
sprayed at the WEP entrance to maintain a low resistivity of
the particles entering into the system. Water sprays located
above the electrostatic field sections introduce evenly
distributed water droplets to the gas stream for washing all
internal surfaces. The particulates and water droplets in
the electrostatic fields pick up charges and migrate to the
collecting plates. The plates are continuously flushed to
remove the collected material into the troughs below which
are sloped to a drain. The WEP parts not sprayed or flushed
with water are constructed of corrosion-resistant materials.
(The portion close to outlet of WEP is not sprayed or
flushed with water in order to remove the carryover liquid
drops and mists before the outlet of the equipment). The
condensible material collected in the drain liquor can be
separated by means of any sludge removal methods.

Cost of Add-on Wet Electrostatic Precipitator System

Tables 4-11 and 4-12 present capital and annual operat-
ing cost breakdowns for evaluation I. The evaluation re-
presents the cost of equipment during the last guarter of
1977. It includes only basic eqguipment (no spares). Duct
costs in all three evaluations are based on 110 m (360 ft)
of duct from the existing ESP outlet to the inlet flange of
the gas cooler, an appropriate length within the system, and

a return duct of 107 m (350 ft) from the system flange to

-8
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Table 4-11.

PRECIPITATOR SYSTEM

CAPITAL COST DATA FOR ADD-ON WET ELECTROSTATIC

FOR MAGMA COPPER SMELTER

Parameter

Evaluation I

System description

Inlet gas flow:

Actual conditions
Standard conditions
Temperature
Contaminant loading:a
Inlet, concentration
Inlet, wt, rate
Outlet, concentration
Outlet, wt. rate

Cleaning efficiency

Two units. Each consists of a fan, an
evaporative cooling tower, and a wet
precipitator

14,010 m>/min (495,830 acfm)
10,481 m>/min (370,137 scfm)
120°C (250°F) -

1.76 g/m3 (0.77 gr/scf)
984.31 kg/hr (2170 1b/hr)
0.032 g/m3 (0.014 gr/scf)
18.01 kg/hr (39.7 1lb/hr)
98.2%

Gas cleaning equipment cost
Cost of auxiliaries:

Fan with drive

Evaporative cooling tower
Water treatmentb
Others

Total equipment cost
Installation costs, direct:
Foundation and supportsb

puct work®
Stack

Piping

Insulation

Painting

Electrical®

Otherd

Total direct costs
Installation costs, indirect:
Engineering

Construction and field expenses
Construction fees

Start-up

Performance test

Model study

Contingencies
Total indirect costs

Turnkey cost

$1,284,000

300,000
863,000

83,000
$2,530,000

$ 103,500

1,455,900
0

650,000

206,000
1,162,000
$3,577,400

$ 327,000
160,000
60,000
25,000
15,000
50,000
246,000

$ 883,000
$6,990,400

a

Particulage content of the gas at the inlet and outlet is based on a gas flow rate
b of 9260 m>/min (327,000 scfm) to the system.

C

Includes only material and labor for precipitator supports.

d Includes material and labor and necessary insulation and lining.

Installation costs for gas cleaning equipment, auxiliaries, fan, and cooling tower.



Table 4-12.

ANNUAL OPERATING COST DATA FOR ADD-ON WET

ELECTROSTATIC PRECIPITATOR FOR MAGMA COPPER SMELTER

Parameter

Evaluation 1

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature

Contaminant loading:a
Inlet, concentration
Inlet, wt. rate
Outlet, concentration

Outlet, wt. rate

Two units. Each consists of a fan,
evaporative cooling tower, and a wet
electrostatic precipitator

14,040 m3/min (495,830 acfm)
10,481 m3/min (370,137 scfm)

120°C (250°F)

1.76 g/m3 (0.77 gr/scf)
98431 kg/hr (2170 1b/hr)
0.032 g/rn3 (0.014 gr/scf)

18.01 kg/hr (39.7 1lb/hr)

an

Cleaning efficiency 98.2%
Operating hours per year 8760
DIRECT COSTS
Operating labor:
Operator, $10/man-hour S 21,400
Supervisor, $1l2/man-hour 3,000
Total 24,400
Maintenance:
Labor, $10/man-hour 8,400
Materials 5,200
Total 13,600
Replacement parts b
Utilities:
Electricity, $0.03/kWh 414,800
Water, $0.25/1000 gal 471,000
Chemicals
Total 885,800
Total direct costs: $923,800
Capital charges 1,223,300
$2,147,100

Total annual cost

Particulate content of the gas at the inlet and outlet is based on a gas flow rate

of 9260 m3/min (327,000 scfm) to the system.

b Included in maintenance.



existing stack flange. Capital charges in the annual
operating costs were calculated by using 17.5 percent of the
total turnkey costs. This rate is based on 10 percent
interest, 15 years of equipment life, and 4.35 percent for
taxes and insurance.

The data show that the use of an add-on WEP system
(Evaluation I) by Magma Cooper Company to comply with the
applicable emission regulation entails a capital cost of
$382.74 per m3/ min ($10.84 per acfm) of ESP exhaust gas
(based on a gas flow rate of 18,264 m3/min (645,000 acfm).
This system uses an evaporative cooling system to cool the
gas to 120°C (250°F) before it enters the WEP. Cost of gas
cleaning equipment (including auxiliaries) is 36 percent of
the total turnkey capital cost. Annual operating costs of
particulate removal are $0.25/kg ($0.12/1b) or $5883 per
day. The utility costs and capital charges are about 41
percent and 57 percent of the total annual operating costs,
respectively.

4.2 ADD-ON CONTROL SYSTEMS FOR PHELPS DODGE CORPORATION,
AJO, ARIZONA

The reverberatory furnace flue gas is treated in a hot
ESP consisting of two independent, parallel units (north of
the furnace) followed by a fan and stack. The ESP operates
at about 316°C (600°F) with a design removal efficiency of
96.83 percent (measured by ASTM instack method). The
efficiency was tested and verified by Southern Research
Institute and Radian Corporation in July 1976. EPA Method 5
sampling tests at the existing ESP exit measured a flue gas
volume flow rate of 5270 m>/min (186,000 acfm) at 314°C
(598°F), average dust particulate loadings of 1.28 g/m3

(0.56 gr/scf) at 120°C (250°F), and maximum particulate
3

loadings of 3.14 g/m~ (1.37 gr/scf). Mass emissions aver-
aged 203 kg/hr (447 1lb/hr) at 120°C (250°F); the maximum was
496 kg/hr (1094 1lb/hr). Compliance with particulate regu-
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lations require an additional control of 93.0 percent
efficiency during normal operation and 97.15 percent during
furnace charging.

Enough space is available for an add-on control system
north of the existing ESP. Water availability is supposedly
limited. Evaluations of different add-on control for the
Ajo smelter reverberatory furnace are discussed in this
section.

Add-on Fabric Filter Control System

Appendix C presents the specification for a fabric
filter add-on control system at the Phelps Dodge Corporation
smelter. Three IGCI members used their best judgment to
evaluate a system based on this specification. Table 4-13
presents design parameters of the systems evaluated.

Evaluation J is for a system consisting of a spray
tower to cool gases from the existing hot ESP to 120°C
(250°F), followed by a fabric filter for particulate con-
trol. The chamber is a cocurrent spray tower made of
carbon steel with a brick-lined bottom. The gas transporta-
tion system (i.e., ductwork, fans and control devices)
downstream of the chamber is properly lined to resist corro-
sion. Fabric filter bags are fiberglass to insure that no
damage occurs if the cooling system fails.

Evaluation K involves a system designed to cool the hot
ESP exit gas to 120°C (250°F) by adding dilution air, then
treating the gas in a fabric filter system containing dacron
bags. Dilution cooling increases the original gas volume of
5670 m3/min (186,000 acfm) to 14,000 m3/min (495,000 acfm).
The bidder expressed his belief that although dilution air
cooling greatly increases the size and cost of the collec-
tion equipment, it is technically superior to the tower and

air-to-air heat exchanger. The inlet and outlet plenums and
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Table 4-13.

DESIGN PARAMETERS OF AN ADD-ON FABRIC FILTER SYSTEM FOR

THE PHELPS DODGE CORPORATION SMELTER IN AJO, ARIZONA

Parameter

Evaluation J

dbntrol syélem
Evaluation K

System description

Gas volume flow rate from the
existing electrostatic precip-
itator to cooling system:
Actual conditions
Standard conditions®
Temperature
Moisture content
Particulate loading:
Concentration
Weight rate
Type of cooling
Number of units

Dimension of each

Water consumption

Dilution air

Spray water cooling of gas to
120°C (250°F), a fabric filter,
followed by & fan

5270 m>/min (186,000 acfm)
2639 m>/min (93,176 scfm)
314°C (598°F)

12.3%

1.28 g/m> (0.56 gr/scf)
202.85 kg/hr (447.2 1b/hr)
Concurrent waterspray cooler
1

7.01 m (23 ft) diameter
24.9 m (82 ft) overall height

0.31 m3/min (82 gpm)

Dilution air cooling of gas to
120°C (250°F), a fabric filter,
followed by a fan

5270 m>/min (186,000 acfm)
2639 m3/min (93,176 scfm)
314°C (598°F)

12.3%

1.28 g/m> (0.56 gr/scf)
202.85 kg/hr (447.2 1lb/hr)

Dilution air
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Table 4-13 (continued).

Control system
Parameter Evaluation J Evaluation K

Total volume flow rate from
cooling system exit to add-on
fabric filter system:

Actual conditions 3700 m3/min {130,690 acfm) 14,000 m3/min (495,000 acfm)
Standard conditions® 2763 m3/min (97,558 scfm) 10,460 m3/min (369,500 scfm)
Temperature 120°C (250°F) 120°C (250°F)
Moisture content 25.3% 3.0%
Filter type Fiberglass Combination dacron
Air-to-cloth ratio (net) 2:1 1.60:1
Air-to-cloth ratio (gross) 1.46:1
No. of compartments (net) 10 10
No. of compartments (gross) 11

Pressure drop across the

system
Cleaning mechanism Reverse air Shaker type

Fan: Downstream of the system Downstream of the system
Lacation 1 3
Number 2,99 kPa (12 in W.C.) 2.74 kPa (11 in. W.C.)
Pressure drop 298 kW (400 hp) 1175 kW (1575 hp)

8 standard conditions are 101.3 kPa (14.7 psia) and 21°C (70°F).



the plate compartment walls are of 3/16 in. A36 material.
A 3-in.-thick mineral wool insulation and aluminized steel
lagging are used for baghouse.
Add-on Fabric Filter Control System Cost

Tables 4-14 and 4-15 present the capital and annual

operating costs for the two systems evaluated (design evalua-
tions are in Table 4-13). The evaluations represent the
cost of equipment for the last quarter of 1977. They
include only basic equipment (no spare equipment). The duct
cost items in the three evaluations are based on a 24 m (80
ft) straight duct length from the existing ESP outlet to the
inlet flange of the system, an appropriate length within the
system, and a return duct of 34 m (110 ft) from the outlet
to the existing stack. Capital charges in the annual oper-
ating costs were calculated by using 17.5 percent of the
total turnkey costs. This rate is based on 10 percent
interest rate, 15 years of equipment life, and a 4.35 per-
cent rate for taxes and insurance.

The cost estimate data show that treating furnace gas
in an add-on control system (Evaluation J) consisting of a
fabric filter preceded by a water spray tower for cooling
the gas to 120°C (250°F) costs about half of what it costs
to treat the gas in a fabric filter preceded by air dilution
for cooling the gas (Evaluation K). The turnkey capital
cost of treating gas from the existing ESP outlet by the
system in Evaluation J is $380.11 per m3/min ($10.77 per
acfm); by the method in Evaluation K this cost is $751.58
per m3/min ($21.30 per acfm). The total cost of gas clean-
ing equipment (including auxiliaries) is about 37 percent of
the total turnkey cost in Evaluation J and about 57 percent
in Evaluation K. Annual operating cost for particulate
removal is about $0.14/kg ($0.06/1b), or $1607/day, for the
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Table 4-14. CAPITAL COST DATA FOR ADD-ON CONTROL FABRIC FILTER SYSTEM

FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation J

Control system
Evaluation K

System description

Inlet gas flow:2
Actual conditions
Temperature
Standard conditions

Moisture content

Contaminant loading:
Inlet, concentrationb
Inlet, weight rateb

Outlet, concentration

Cleaning efficiency

Spray water cooling of gas to
120°C (250°F), a fabric filter,
followed by a fan

3700 m>/min (130,690 acfm)
120°C (250°F)

2760 m>/min (97,558 scfm)
25.3%

3.07 g/m3 (1.34 gr/scf)
508 kg/hr (1120 1lb/hr)
0.082 g/m3 (0.036 gr/scf)
13.6 kg/hr (30.0 1lb/hr)
97.3%

Dilution air cooling of gas to
120°C (250°F), a fabric filter,
followed by a fan

14,020 m>/min (495,000 acfm)
120°C (250°F)

10,460 m3/min (369,500 scfm)
3.0%

0.792 g/m> (0.346 gr/scf)
497 kg/hr (1095 1lb/hr)
0.023 g/m3 {0.01 gr/scf)
13.6 kg/hr (30.0 1lb/hr)
97.3%

Gas cleaning equipment cost
Cost of auxiliaries:
Fan w/drive
Screw conveyor w/air lock
Cooling tower w/accessories

Total equipment cost

(continued)

$498,000

47,800
17,300
168,200
$731,300

$1,960,000

310,000

c

Cc
$2,270,000



Table 4-14 (continued).
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Control system
Parameter Evaluation J Evaluation K

Installation costs, direct:

Foundation and supports $ 45,000

Duct work 188,300 $ 241,000

Stack 0 0

Piping 7,500

Insulation 162,200 394,800

Painting 18,800

Electrical 82,500

Other 135,000 1,034,000
Total direct costs $ 639,300 $1,669,800
Installation costs, indirect:

Engineering 73,500 c

Constr. and field expenses 390,000 c

Construction fees 116,400 c

Start-up 12,700 11,000

Per formance test 10,000 10,000

Contingencies 30,000 d
Total indirect costs $ 632,600 $ 21,000
Turnkey cost $ 2,003,200 $3,960,800

To fabric filter from cooling system.

a
b
c Included in others.
d

By others.

Based on gas conditions at fabric filter inlet.
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Table 4-15. ANNUAIL OPERATING COST DATA FOR ADD-ON CONTROL FABRIC FILTER FOR
PHELPS DODGE CORPORATION SMELTER
Control system
Parameter Evaluation J Evaluation K

System description

Inlet gas flow:2
Actual conditions
Temperature
Standard conditions
Moisture content

Contaminant loading:b
Inlet, concentration
Inlet, weight rate

Outlet, concentration

Cleaning efficiency

Operating hours per year

Spray water cooling of gas to
120°C (250°F), a fabric filter,
followed by a fan

3700 m3/min (130,690 acfm)
120°C (250°F)

2760 m>/min (97,558 scfm)
25.3%

3.07 g/m3 (1.34 gr/scf)
508 kg/hr (1120 lb/hr)
0.082 g/m3 (0.036 gr/scf)
13.6 kg/hr (30.0 1b/hr)
97.3%

8760

Dilution air cooling of gas to
120°C (250°F), a fabric filter,
followed by a fan

14,020 m>/min (495,000 acfm)
120°C (250°F)

10,460 m>/min (369,500 scfm)
3.0%

0.792 g/rn3 (0.346 gr/scf)
497 kg/hr (1095 1lb/hr)
0.023 g/m3 (0.024 gr/scf)
13.6 kg/hr (30.0 1lb/hr)
93.0%

8760

DIRECT COSTS

Operating labor:
Operator, $10/man-hour
Supervisor, $12/man-hour
Total

(continued)

$29,200
7,200
36,400

$20,800

20,800
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Table 4-15 (continued).

Control system
Parameter Evaluation J Evaluation K
Maintenance:
Labor, $10/man-hour 30,200 4,200
Materials 700 84,600
Total ) 30,900 88,800
Replacement parts 17,500
Utilities:
Electricity, $0.03/kWh 140,400 260,000
Water, $0.025/1000 gal , 10,800 0
Total 151,200 260,000
Total direct costs: $ 236,000 $ 369,600
Capital charges 350,600 693,100
Total annual cost $ 586,600 $1,062,700

2 70 fabric filter from cooling system.
Based on gas conditions at fabric filter inlet.



system in Evaluation J and $0.25/kg ($0.11/1b), or $2912/day,
for the system in Evaluation K. Utilities costs represent
about 25 percent of total annual operating costs for both
systems.

Add-on Wet Scrubber Control System

Appendix C contains a specification for an add-on wet
scrubber system at the Phelps Dodge smelter.

Three bidders used their best judgment to evaluate the
scrubber system on the basis of this specification. Their
evaluations are not comparable, however, because the in-
dividual systems are designed for different pressure drops
(AP) across the system. System pressure drop, a principal
design parameter, is usually determined by particulate size
distributions and chemical analysis. Because of lack of
sufficient data on these parameters, the bidders used their
experience and judgment to determine pressure drop. Table
4-16 presents the design parameters of these evaluations
({Evaluations L, M, and N).

In Evaluation L, ESP exhaust gas is treated at a rate
of 5270 m3/min (186,000 acfm) in a scrubber system consist-
ing of an adjustable throat venturi, a flooded elbow, and an
entrainment separator followed by a fan. Estimated pressure
drop for this system is 17.43 kPa (70 in. W.C.). The
venturi scrubber is made of 1/4-in. 316L SS. The flooded
elbow, inlet and outlet transition pieces leading to and
from the flooded elbow, the mist eliminator, and all connec-
tions are of 1/4-in. carbon steel with Ceilcote lining.

The scrubber system in Evaluation M consists of a fan
and a quencher, followed by a venturi scrubber. This
system operates at a pressure drop of 14.94 kPa (60 in.
W.C.). The bidder believes this pressure drop and asso-

ciated power requirements could be significantly lower, and



Table 4-16. DESIGN PARAMETERS OF ADD-ON SCRUBBER SYSTEM FOR

PHELPS DODGE CORPORATION SMELTER

0% -¥

Parameter

Evaluation L

Cuntrol system
fvaluation M

Evaluation N

System description

Gas volume flow rate from
the existing ESP to the
system?d
Actual conditions
Actual temperature
Standard conditions
Molsture content, percent
Particulate loading:
Concentrataion
Welght rate

Quencher dimensions

Evaporative water addition
to gas 1in the quencher

Number of units

Gas volume flow rate at
scrubber exat:

Actual conditions
Temperature

Standard conditions

Moisture content

Pressure drop across scrub-
ber

Particulate loading:
Concentration
Weight rate

Scrubbing system cleaning
efficiency

Scrubber water guantity
(recycled)

Venturl scrubber, water rate
Makeup water addition rate
Total scrubber pressure drop
Scrubber dimensions

Demister dimensions

Fan location
Number of fans per unit
Total power required

A venturi scrubber, flooded
elbow, and mist eliminator,
followed by a fan

5270 m%/min (186,000 actm)
314°C {598°F)

2639 m3/min (93,176 sctm
12.5

1.28 g/m3 (0.56 gr/scf)
199.04 kg/hr (438.8 lb/hr)
2.44 n x 0.20 m x 5.56 n

{B ft :x 0.67 ft x 18.25 ft)

0.37 ml/min (97.2 gpm}

4431 m3/min (156,455 acfm)
66.1°C (151°F)

3132 ml/mln {110,587 scfm)
21.0%
16.17 kPa (65 in W.C.)

0.074 g/m> (0.32 gr/scf)
13.93 ka/h 130.7 1b/hr)

93% minimum
3
13.14 m /min (3450 gpm)

17.5% m]/mxn (4636 gpm)
0.41 mJ/m)n {107 gpm)
17.4) kPa {70 in. W.C.}

0.28m x 0.2 mx $.% m
(8 ft x 0.67 ft x 18.25 ft}

0.2 m x 0.2 m x 0.6 m
{8.5 fr » 8.5 ft n 2 ft)

Downstream of scrubber
1
1731 kW {2320 hp}

A fan, separator guencher,
and venturli scrubber

5270 mJ/mAn (186,000 acfm)
314°C (598°F)

2639 ms/min (93,176 scfm)
12.5

1.28 g/m3 (0.56 gr/scf)
199.04 kg/h (438.8 1lb/hr)

4.57 m x 11.6 m
(15 ft x 38 ft)

0.36 ml/mxn {94 gpm)

3643 ml/mxn (128,661 acfm)
65.6°C (150°F)
3166 m]/mxn 111,787 scfm)

12.3%
+ 13,44 kPa (54 1n W.C.)

0.085 9/m3 (0.037 gr/scf}
15.65 kg/h (34.5 1lb/hr

. 93% minimum

2.1 m]/mxn {607 gpm)

2.44 m/min (643 gpm)
0.49 m3/m1n {130 gpm)
12,45 kPa (50 in. W.C.)

2.2 mx 11.6 m
(7.2 fr x 38 ft)

Upstream of scrubber

2080 kW (2788 .hp}

A prequencher, venturl scrubber,
and separator, followed by a fan

5270 m3/min (186,000 acfm)
314°C (598°F)

2639 m /min (93,176 sctm)
12.5

1.28 g/m] {0.56 gr/scf)
199.04 kg/hr (447.2 1lb/hr)

5.0 mx 12.2 m
{16.5 ft x 40 ft)

3462 m3/min (122,250 acfm)
66°F (150°F)
2828 mj/min (99,850 scfm)

12.0%
- 5.23 kPa (21 1in W.C.)

0.092 m3/m (0.04 gr/scf)
15.53 kg/h (34.23 1b/hr)
93% minimum

t6.44 mz/mxn (1700 gpm)

6.7 mJ/mln 1771 gpm}
0.27 ml/min (71 gpm)
5.23 kPa (21 1n. W.C.}

Downstream of scrubber
1 -
714 kW (1038 hp)




that a pilot test should be made to determine actual pres-
sure drop. The preconditioner is constructed of mild steel
with a gunite or Savereisin acid-resistant cement lining.

The scrubber would be 316L stainless steel to protect against
scrubbing water, which is high in chlorides.

The scrubber system in Evaluation N consists of a pre-
quencher, an adjustable-throat venturi scrubber, and a
separator section, followed by a fan. The pressure drop of
this system is 5.23 kPa (21 in. W.C.). The bidder indicated
that some study has been made regarding scrubbing reverbera-
tory furnace gases in copper smelters, and based on the
limited scrubbing pilot plant data, he believes that a
pressure drop of 5.23 kPa (21 in W.C.) is a reasonable
selection for producing 96 to 98 percent efficiency by
weight. The materials of construction are steel lined with
acid brick, with FRP-lined steel in the hot gas zones and
high velocity sections of the scrubber. All alloy parts are
in Inconel 625 in the venturi. The fan wheel and shaft
would be of Incoloy-825 or 904L material. The inlet ducting
is of 1/4-in. and 3/8-in. carbon steel with exterior weather-
proof insulation. The material of construction for the
prequencher and venturi is 1/4-in. and 3/8-in. carbon steel
with 60- to 80-mil flaked-glass lining plus 3-in. acid brick
and foam glass interior lining. Alloy parts are of Inconel
625. The separator is 1/4-in. 3/8-in., and 1/2-in. carbon
steel with 60- to 80-mil flaked-glass lining. The base, up
to 2 ft above the gas inlet, is lined with 3-in. acid brick.
The exit ducting to the fan and stack is of 5/8-in. thick
FRP-Hetron 197 with flame retardant.

These evaluations point up the necessity of running
pilot plant tests to evaluate a wet scrubber that will

produce the desired efficiency.



Carbon steel is the material of construction for the
water treatment systems in all three evaluations.
Add-on Wet Scrubber Control System Costs

Tables 4-17 and 4-18 present capital and annual operat-

ing costs of the three systems. The evaluations represent
the cost of equipment for the last quarter of 1977. They
include only basic equipment (no spare equipment). The
following parameters were used in the duct cost estimate: a
duct length of 24 m (80 ft) from the existing ESP exit to
the add-on control system inlet, an appropriate duct length
within the system, and a return duct of 34 m (110 ft) from
the add-on system outlet to existing stack. Capital charges
in the annual operating costs were calculated by using 20.5
percent of the total turnkey cost. This rate is based on an
interest rate of 10 percent, an equipment life of 10 years,
and a tax and insurance rate of 4.22 percent.

Data show that the turnkey capital cost estimates for
an add-on scrubber system in the Evaluations L, M, and N are
$137, $160, and $390 per actual m°/min ($3.90, $4.53 and
$11.05 per acfm), respectively, of gas entering the system.
Gas flow rate to each system is 5270 m3/min (186,000 acfm).
Cost of gas cleaning equipment, including auxiliaries,
varies from 40 to 60 percent of the total turnkey cost. The
respective annual operating cost for the three systems are
$0.53, $0.55 and $0.45/kg ($0.24, $0.25 and $0.20/1lb) of
particulate removed, or $2407, $2504, and $2042 per day.
Utilities and capital charges represent 54 percent and 17
percent of the total annual cost in Evaluation L, 67 percent
and 19 percent in Evaluation M, and 30 percent and 57 per-

cent in Evaluation N.
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Table 4-17. CAPITAL COST DATA FOR AN ADD-ON SCRUBBER SYSTEM

FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation L

Evaluation M

Evaluation N

System description

Gas flow at scrubber outlet:
Actual conditions
Temparature
Standard conditions
Moisture content

Contaminant locdanx'
Inlét, concentration
Inlet, weight rate
Outlet, concentration
Outlet, weight rate

Cleaning efficiency

A venturi scrubber, a flooded
elbow and mist eliminator
follow by a fan

4431 a’/min (156,455 actm)
66.1°F (151°F) :
3132 a¥/min (110,587 sctm)
26,100

1.28 g/a’ (0.56 gr/sct)
240.8 kg/hr (530.8 lb/hr}
0.087 g/a’ (0.038 gr/act)
13.6 kg/hr (30.0 1b/hr)
93. 3

A fan, a separator quencher
and a venturi scrubber

3643 =3 /min (128,661 actm)
65.6°C (150°F)

3166 ®%/min (111,787 scfm)
Saturated

1.28 g/n’ (0.56 gr/act)
202.85 ka/hr (447.2 lb/hr)
0.087 g/m> (0.038 gr/scf)
13.6 kg/hr (30.0 1lb/hr)

A prequencher, a venturi scrub-
ber, separator, followed by a fan

3462 m3/min (122,250 actm)
66°C (150°F)
2020 m¥/min (99,850 scfm)

1.28 g/m> (0.56 gr/ect)
202.85 kg/hr (447.2 1b/hr)
0.087 g/n> (0.038 gr/scf)
13.6 kg/hr (30.0 1b/hr)

93.3% 93.38
Gas Cleaning equipment cost $102,500 $120,100 $535,000
Cost of auxiliaries:
Fan w/drive 92,000 90,000 140,000
Pumps 11,500 20,000 33,000
Tanks 60,000 12,000
Wastewater treatment® 116,800 118,500 105,000
Others 16,500 87,100
Total equipment cost $339,300 $495,700 $ 825,000
Installation cost, direct:
Poundation and supports $ 26,000 § 59,400
Duct work 146,000 127,000 $ 123,500
Stack 0 ] 0
Piping 12,500 42,900
Insulation 18,700 18,500
Painting 5,000 4,000
Electrical 3,000 27,200
Other 50,000
Total direct costs $261,200 $279,000 $1,108,300°
Installation costs, indirect:
EBngineering $ 8,700 $ 16,000
Construction & field exp« \ses 92,000 18,000
Construction fees 1,300 5,000
Start-up 2,000 71,000
Performance test 4,800 12,000
contingencies 15,000 10,000
Total indirect costs $12),800 $ 68,000
Turnkey cost $724,300 $842,700 $2,056,800

b Materials and labor.

€ fotal of direct and indirec

t costs, excluding duct cost.

Based on system inlet, (i.e. purticulate content in the gas fluw ratc} of 2639 l]/llﬂ (93,176 sctm) to the system,
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Table 4-18.

ANNUAL OPERATING COST DATA FOR ADD-ON
SCRUBBER FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation L

Evaluation M

Evaluation N

System description

Gas flow at scrubber outlet:
Actual conditions
Temperature
Standard conditions
Moisture

Contaminant loading:a
Inlet, concentration
Inlet, weight rate
Outlet, concentration
Outlet, weight rate

Cleaning efficiency

Operating hours per year

A venturi scrubber, a flooded
elbow, and a mist eliminator,
followed by a fan

4431 m3/min (156,455 acfm)
66.1°C (151°F)

3132 m%/min (110,587 scfm)
26.13%

1.28 g/m° (0.56 gr/scf)
202.85 kg/hr (447.2 lb/hr)
0.087 g/m3 (0.038 gr/scf)
13.6 kg/h (30.0 1b/hr)
93.3%

8760

A fan, a separator quencher,
and a venturi scrubber

3643 m>/min (128,661 acfm)
65°C (150°F)

3166 m>/min (111,787 scfm)
Saturated

1.28 g/m3 (0.56 gr/scf)
202.85 kg/hr (447.2 1b/hr)
0.087 g/m> (0.038 gr/scf)
13.6 kg/hr (30.0 1lb/hr)
93.3% {minimum)

8760

A prequencher, a venturi
scrubber, and a separator,
followed by a fan

3462 m3/min (122,250 acfm)
66°C (150°F)
2828 m>/min (99,850 scfm)

1.28 g/m> (0.56 gr/scf)
202.85 kg/hr (447.2 1b/hr)
0.087 g/m> (0.038 gr/scf)
13.6 kg/hr (30.0 lb/hr)
93.3%

8760

DIRECT COSTS
Operating labor:
Operator, $10/man-hour
Supervisor, $12/man-hour
Total
Maintenance
Labor, $10/man-hour
Materials
Total
Replacement parts
Utilities
Electricity, $0.03/kWh
‘Water, $0.25/1000 gallons
Chemicals
Total
Total direct costs
Capital charges
Total annual cost

$122,200
37,000
159,200

59,200
25,600
84,800
16,200

450,700
14,100
5100
469,900
$730,100
148,500
$878,600

$ 87,600
24,000
111,600

3,600
3,000
6,600
10,000

576,800
12,400
23,800

613,000

$741,200

172,800

$914,000

$27,100
3,700
36,800

27,100
18,500
45,600
18,500

196,000
7,500
19,400
222,900
$323,800
421,600
$745,400

a

Based on system inlet (i.e. particulate content in the gas flow rate) of 2639 m3/min (93,176 scfm) to the system.



Add-on Dry Electrostatic Precipitator (ESP) System

Appendix C presents the specification for an add-on dry
ESP for the Phelps Dodge smelter in Ajo. Three IGCI members
used their best judgment to evaluate a dry ESP system based
on this specification. Table 4-19 presents design para-
meters of the systems evaluated.

The system in Evaluation P consists of an evaporative
cooling tower to cool gases from the existing hot ESP to
120°C (250°F), followed by a dry ESP for particulate con-
trol. The fan, necessary to overcome 0.96 kPa (4 in. W.C.),
is located on the hot side of the evaporative cooling tower
to avoid possible corrosion and imbalance problems. Design
and instrumentation of the cooling tower spray chambers must
be precise to keep the exit gas dry because wet gas in the
ESP can cause a corrosion problem and lead to premature
system failure. An ESP pilot study would be required to
assess the corrosive and "sticky" nature of the flue gas and
particulate load.

The particulate control add-on system in Evaluation Q
consists of a combination heat exchanger and dilution air to
cool the gas to 120°C (250°F) and two dry ESP's in parallel.
The fan is located upstream of the cooling system to take
advantage of the smaller gas stream which requires less
power, and to prevent corrosion and imbalance problems. The
combination heat exchanger and dilution air cooling is
believed to be the most economic from the viewpoint of cost
per Btu transferred and prevention of an increase in the
sticky and corrosive nature of the gas stream that is caused
by water spray cooling.

The add-on systeﬁ in Evaluation R consists of a water-
spray cooling tower, which cools the gas to 120°C (250°F),

and a dry ESP for particulate control. The fan is located

>
|

45
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Table 4-19.

DESIGN PARAMETERS FOR ADD-ON DRY ELECTROSTATIC PRECIPITATOR

FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation P °

Evaluation Q

Evaluation R

System description

Gas volume flow rate from
the existing electrostatic
precipitator to cooling
system:
Actual conditions
Standard conditions
Temperature
Moisture content

Type of coolang

Number of units
Dimensions of each unit

Water consumption
Dilution air

Total volume flow rate to
add-on precipitator system
i1nlet or cooling system
outlet:

Actual conditions
Standard conditions
Temperature
Number of ESP's
Dimension of each

Number of chambers per ESP
Number of fields

Number of pa.
Length of each field

Field height

Number of energizing means

Current

Voltage

wWave form

Migration velocity
Specific collecting area

Total power consumption
Fan:
Number
Location
Pressure drop
Power required

a
b
c

One field is redundant.
3

A fan and an evaporative cool-
1nq tower to cool gas to 120°C
{250°F), followed by a dry
electrostatic precipitator

5267 m)/mxn 1186,000 actm)
2633 m]/m)n (93,000 scfm}
314°C (598°F)

12.25%

Evaporative cooling tower

1

.02 m¥/h (270 gpm)

4078 m%/min (144,000 actm)
3044 m)/mxn (107,490 scfm)
120°C {250°F)

1

14.3mx 12.8 m x 14.3 m
(47 fr x 42 fr x 47 f¢)

2
e

per chamber .l

2.7 m (9.0 f¢)

7.3 m (24 fr)

B

1000 mA

70 kv

Full

0.04 m/s (0.13 ft/s)

74.4 mzzpex m/s
(378 £t%/1000 acfm)

945 kW

a

1

Hot side of cooling tower
0.996 kPa {4 in. W.C.)
280 kW {175 hp)

A fan, twou heat exchanyers, and
a dilution air fan to cool gas
to 120°C (250°F}, followed by

a dry electrostatic precipitator

5267 mi/min (186,000 actm
2633 m’/muin (93,000 scfm)
314°C (598°F)

12,250

Heat exchanger and dilution
air!
zb

5.2mx 5.2mx 3.7m b
07 fr x 17 fr x 12 fr)

629 o /min 22,192 scfm

4371 m/min (154,375 actm)
3262 m3/min (155,192 scim)
120°C (250°F)

1

1.95 m " x 9.34m
{64 ft L x 30.67 .. W)

1
4
10

1.3 m (10.94 fr)
9.40 m (30.83 fr)

q

1250 ma

55 kv

Full

0.41 m/s (0.133 ft/s)

77.4  per m'/s
1393 fe®/1000 actm)©

680 kw

c

1

tiot side of cooling syatem
1.992 kPa (8 in. W.C.)

294 kW (335 hp}

A lan and water Bpray cuoling te
120°C (2%0°F1, tallowed by elec-
trostatic precipitator

5267 m>/min (186,000 actm)
2633 m%/min (93,000 sctm
314°C (598°F)

12,254

Water spray cooling

1

3535 mi/min (124,820 acfm)
2149 m¥/min (75,900 scfm
120°C (250°F)

2

14.9 m x 12.9 mx 18.0m
(49 fr x 42.5 fr x 59.1 fv)

1
3

20

2.78 m (9.125 ft)
5.18 m (17 ft)

3

1300 mA

45 kv

Full

| 0.0322 m/s (0.0098 ft/s)

56.7 n’ per m'/5
1298 ££2/1000 actm)

233 kW

1

Hot side of cooling tower
1,793 kPa (-7.2 un. W.C.}
297 kW (400 hp)

Heat exchanger cools gas to 177°C (350°F) and dilution air
Pertains only to heat exchanger.

further cools gas to 120°C (250°F).

Net gross 99.2 ° per m’/s (504 £¢7/1000 actm).
© Net gross 103 »° per m3/s (524 ££2/1000 actm).



on the hot side of the cooling tower to prevent corrosion
and imbalance problems that can occur with this type of gas.

Costs of an Add-on Dry Electrostatic Precipitator

Tables 4-20 presents the capital cost breakdown for the
evaluations P, Q, and R. Table 4-21 presents the annual
operating cost breakdown for Evaluations P, Q and R. The
evaluations represent the cost of equipment during the
quarter of 1977. They include only basic equipment (no
spare equipment). Duct cost estimates in the three evalua-
tions are based on 24 m (80 ft) of duct from the existing
ESP outlet to the inlet of the system, an appropriate length
within the system, and a return duct of 34 m (110 ft) from
the system flange to the existing stack. Capital charges in
the annual operating costs were calculated by using 17.5
percent of the total turnkey costs. This rate is based on
an interest rate of 10 percent, an equipment life of 15
years, and tax and insurance rate of 4.35 percent.

The data show that the use of an add-on dry ESP system
to enable Phelps Dodge Corporation to comply with the
.applicable emission regulation will entail capital costs of
$329 to $466 per m3/min ($9 to $13 per acfm) of ESP exhaust
gas, depending on the type of cooling system involved. A
gas flow rate of 5267 m3/min (186,000 acfm) is used as the
basis for all three evaluations. System P, which uses an
evaporative cooling tower for gas cooling and a dry ESP for
particulate control, costs $367.12 per m3/min ($10.40 per
acfm) of gas introduced into the system. System Q, which
uses a heat exchanger and dilution air cooling system and
two dry ESP's in parallel for particulate control, costs
$465.62 per m3/min ($13.19 per acfm). System R which uses
a water spray cooling tower for gas cooling followed by a
dry ESP for particulate control, costs $329.35 per m3/min

S
I
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Table 4-20.

CAPITAL COST DATA FOR ADD-ON DRY ELECTROSTATIC PRECIPITATOR

FOR PHELPS DODGE CORPORATION SMELTER

Evaluation P

Evaluation Q

Evaluation R

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature

Contaminant lDldlﬂqa
lnrI

Inlet, wt. rate

et, concentration

A fan and an evaporative cocoling
tower that cools gas ta 120°C
(250°F), followed by a dry ESP

4('78 nj/nun {144,000 acfm)
3044 ®%/min (107,490 scim)
(120°c (250°F)

1.20 g/m° (0.56 gr/sct)
199.04 kg/hr (438.8 1lb/hr)

A fan, two heat exchangers, and
a dilution air fan to cool gas
to 120°C (250"F) followed by a
dry ESP

4371 m’/min {154,375 acfm)
2362 m3/min (115,192 sctm)
1200C (250°F)

1.28 g/m> (0.56 gr/act)
199.04 xg/hr (438.8 1b/hr)

A fan and water spray cooling
to 120°C {250°F), followed by a
dry ESF

3535 m/min (124,820 acfm)
2149 33/min (75,900 sctm)
120°C (250°F)

1,28 g/nln‘a {0.56 gr/sct)
199.04 (kg/hr (438.8 1lb/hr)

Outlet, concentration | 0.087 q/ln] (0.038 gr/scf) 0.087 q/mJ (0.038 gr/act) ©0.087 g/nll] (0.038 gr/scf)
Outlet, wt. rate 13.6 kg/hr (30.0 1b/hr) 13,6 kg/hr (30.0 1b/hr) 1.6 kg/br (30.0 1b/hr)
Cleaning efficiency 93.2% 93.2% 93.2%
Gas cleaning equipment
cost § 645,000 $470,000 $555,900
Cost of auxiliaries:
Fan w/drive 87,000 87,500 65,000
Dry cooling chamber 168,000 277,000 168,000
Other ).23,6!'}0b 78, 000° Q'I,OI)CD‘i
Total equipment cOSt 1,023,600 912,500 886,700
Instsllation costs,
direct:
Foundation and sup-
pores® 112,000 50,000 7,500
(material & labor)
Duct uork‘ 175,100 154,000 168,100
Stack 0 Q
Piping Not quoted Not quoted * Not quoted
Insulation imaterial & labor) L] L} [
Painting Not quoted Not quoted 93,000
Electrical (material & labor) 75,600 55,000
other 505,600% 729,400" 168, 600"
Total direct costs $ 792,700 $1,008,400 § 692,200
Installation costs, indrect:
Complete erection b]
Englneering ] 281,000 k
Construction & field expenses bl 63,000 49,800
Construction fees b] 36,000
Start-up T 12,500 12,000 5,900
Performance test 1 7.500 25,700
Model study 9,000 31,000
Contingencies 96,000 101,000 74,400
Total indirect costs 117,500 531,500 155,800
Turnkiey Cust S1.,%13,800 $2,452,400 $1,734,700
® particulate content of the yas at the inlet and outlet 1s based on the gas flow rate of 2639 m~ min 193,176 scfml to the

oD 8w e B OD

system.

Includes screw conveyors, slide gates and lower dampers.
Access and dust _dupo:al.

Slide-gate conveyors, dampers.

Includes only material and labor for precipitator supports.

Includes duct, insulation, lining, materials and labor.

Includes cost of erection labor for total gas cleaning equipment, direct cosats of electrical arrangements, and indirect
costs connected with engineering and construction. °
Installation costs for the gas cleaning equipment and auxiliaries.

About 92.5 percent for installation of tota) das cleaning equipment and remaining for freight on equipment .

included in “other"

Included in cost of start-up.

SYSTEM
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ELECTROSTATIC PRECIPITATOR FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation P

Control system
Evaluation Q

Evaluation R

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature

Contaminant loading:a
Inlet, concentration
Inlet, wt. rate
Outlet, concentration
Outlet, wt. rate

Cleaning efficiency

A fan, an evaporative cooling
tower cooling gas to 120°C
(250°F), followed by a dry
electrostatic precipitator

40;8 m3/min (149,000 acfm)
3044 m>/min (107,490 scfm)
120°C (250°F)

1.28 g/m3 (0.56 gr/scf)
199.04 kg/hr (438.8 1b/hr)
0.087 g/m3 (0.038 gr/scf)
13.6 kg/hr (30.0 lb/hr

A fan, two heat exchangers,

a dilution air fan, to cool
gas to 120°C (250°F), follow-
ed by a dry electrostatic
precipitator

4371 m3/min (154,374 acfm)
3262 m>/min (115,192 scfm)
120°C (250°F)

1.28 g/m3 (0.56 gr/scf)
199.04 kg/hr (438.8 lb/hr)
0.087 g/m3 (0.038 gr/scf)
13.6 kg/hr (30.0 lb/hr)

A fan, water spray cooling to
120°C (250°F), followed by a
dry electrostatic precipitator

3535 m>/min (124,820 acfm)
2149 m3/min (75,900 scfm)
120°C (250°F)

1.04 gr/m> (0.456 gr/scf)
199.04 kg/hr (438.8 lb/hr)
0.087 g/m> (0.038 gr/scf)
13.6 kg/hr (30.0 lb/hr)

93.2% 93.2% 93.2%
Operating hours per 8760 8760 8760
year
DIRECT COSTS
Operating labor:
Operator, $10/man-hour $ 8,100 $ 10,700 $ 5,500
Supervisor, $12/man-hour 1,900 1,500 2,300
Total 10,000 12,200 7,800
Maintenance
Labor, $10/man-hour 4,200 4,200 4,000
Materials 2,200 2,600 2,200
Total 6,400 6,800 6,200
Replacement parts 1,800 b 1,400
Utilities
Electricity, $0.03 kwh 248,000 178,700 99,600
Water, $0.25/1000 gal 10,800 0 10,800
Total 258,800 178,700 110,400
Total direct costs $€277,000 $197,700 $125,800
Capital charges 344,000 429,200 303,600
Total annual cost $621,000 $626,900 $429,400

? Larticulate content of the gas at the inlet and outlet is based on a gas flow rate of 2639 ml/min (93,176 scfm) to the

system.

Included in maintenance.



($9.33 per acfm). Cost of gas cleaning equipment including
auxiliaries for the Evaluations P, Q, and R, respectiVely,
is 53 percent, 37 percent, and 51 percent of the total
turnkey capital charges. Annual operating costs are $0.38/kg
($0.17/1b) or $1701/day, of particulate removed for Evalua-
tion P; $0.39/kg ($.18/1b), or $1718/day, for Evaluation Q;
and $0.26/kg ($0.12/1b), or $1176/day, for Evaluation R.
Utility costs and capital charges represent about 97 percent
of the total annual operating costs for all three evaluations.
Add-on Wet Electrostatic Precipitator (WEP) Control System
Appendix C contains the specification for an add-on wet
ESP at the Phelps Dodge smelter. Baged on the specifica-

tion, one IGCI member used his best judgment to evaluate a

system. Table 4-22 presents the design parameters of that
system (Evaluation S).

The system involves a WEP designed to receive gases
from an evaporative cooling tower at 120°C (250°F). The
system consisting of a fan, an evaporative cooling tower,
and a WEP. The fan is located upstream of the cooling
system to prevent a potential corrosion problem. The WEP is
generally chosen when the particulate tends to be sticky and
does not drop when the plates of a dry ESP are rapped. The
WEP is a continuously sprayed, horizontal flow, parallel
plate, and rigid frame discharge electrode type. Water from
a precisely designed water nozzle arrangement is sprayed at
the WEP entrance to maintain a low resistivity of the particles
entering into the system. Water sprays located above the
electrostatic field sections introduce evenly distributed
water droplets to the gas stream for washing all internal
surfaces. The particulates and water droplets in the
electrostatic field pick up charges and migrate to £he
collecting plates. The plates are continuously flushed to
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Table 4-22.

DESIGN PARAMETERS OF AN ADD-ON CONTROL WET ELECTROSTATIC

PRECIPITATOR SYSTEM FOR TIiI PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation S

System description
Gas volume flow rate from the existing
ESP to the cooling system:
Actual conditions
Standard conditions
Temperature
Moisture content
Type of cooling system
Number of units
Dimensions of each unit
Liquid-to-gas ratio, L/G

Electrostatic Precipitator System

Total volume flow rate to add-on precip-
itator system inlet or cooling system
outlet: )

Actual conditions

Standard conditions

Temperature

Number of ESP's

Dimension of each

(continued)

One evaporative cooling tower to cool gas
to 120°C (250°F), one fan, and one wet ESP

5267 m>/min (186,000 acfm)

2633 m>/min (93,000 scfm)

314°C (598°F)

12.25%

Evaporative cooling tower

1

7.99 m x 18.8 m (26.24 ft x 61.7 ft)

0.097 m> per m>/min (355 gal/1000 acfm)

4046 m>/min (142,892 acfm)
3021 m3/min (106,673 scfm)
120°C (250°F)

1
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Table 4-22 (continued).

Parameter Evaluation S
Number of chambers per ESP 1
Number of fields 3@
Number of passages per chamber 22
Length of each field | 3.33m (10.92 £)
Field height 7.87 m (25.83 ft)
Number of energizing means 3
Current 1250 mA
Voltage 55 kv
Wave form Full
Migration velocity ’ 0.0774 m/s (0.254 ft/s)
Specific collecting area 34.3 m? per m/s (128 ££2/1000 acfm)P
Spray water i 3.051 ma/min (806 gpm)
Flushing water for inlet transition ‘ 9.08 m3/min (240 gpm)
Flushing water for ESP plates 8.244 m3/min (2178 gpm)
Fan:
Location ‘ Hot side of coeling system
Number 1
Pressure drop 1,992 kPa (8 in. W.C.)
Power required 261 kW (250 hp)

2 one field is redundant.
b Net, 51.3 mz/m3/s, {193 ftz/looo acfm) gross.



remove the collected material into the troughs below which
are sloped to a drain. The WEP parts not sprayed or flushed
with water are constructed of corrosion-resistant materials.
(The portion close to outlet of WEP is not sprayed or
flushed with water in order to remove the carry over liquid
drops and mists before the outlet of the equipment). The
condensible material collected in the drain liquor can be
separated by means of any sludge removal methods.
Costs of Add-on WEP System

Tables 4-23 and 4-24 present capital and annual operat-

ing cost breakdowns for Evaluation S. The evaluation
represents the cost of equipment during the last quarter of
1977. It includes only basic equipment (no spares). Duct
cost estimates in the evaluation are based on 24 m (80 ft)
of duct from the existing ESP outlet to the inlet of the
system, an appropriate length within the system, and a
return duct of 34 m (110 ft) from the system to existing
stack. Capital charges in the annual operating costs were
calculated by using 17.5 percent of the total turnkey
costs. This rate is based on an interest rate of 10 per-
cent, an equipment life of 15 years, and a tax and insurance
rate of 4.35 percent.

The data show that the capital cost of an add-on wet
ESP system to enable Phelps Dodge Corporation to comply with
the applicable emission regulation is $384.17 per m3/min
($10.88 per acfm) of ESP exhaust gas [based on a flow rate
of 5,267 m3/min (186,000 acfm)]. The evaluated system uses
an evaporative cooling system to cool the gas to 120°C
(250°F) before it enters the WEP. Cost of gas cleaning

equipment including auxiliaries is 43 percent of the total



turnkey capital charges. Annual operating costs for partic-
ulate removal are $0.35/kg ($0.16/1b), or $1547 per day.
Utility costs and capital charges represent about 98 percent

of the total annual operating costs.
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Table 4-23. CAPITAL COST DATA FOR AN ADD-ON WET ELECTROSTATIC

PRECIPITATOR SYSTEM FOR PHELPS DODGE CORPORATION SMELTER

Parameter Evaluation S

System description One evaporative cooling tower to cool the
gas to 120°C {250°F), one fan, and one wet ESP

Inlet gas flow:

Actual conditions 4046 ma/min (142,898 acfm)
Standard conditions 3021 ma/min (106,673 scfm)
Temperature 120°C (250°F)
Contaminant loading:a
Inlet, concentration 1.28 g/m3 (0.56 gr/scf)
Inlet, wt. rate 199.04 kg/hr (438.8 lb/hr)
Outlet, concentration 0.087 g/m3 (0.038 gr/scf)
Outlet, wt. rate . 13.6 kg/hr (30.0 1b/hr)
Cleaning efficiency 93.2%
Gas cleaning equipment cost $ 435,100
Cost of auxiliaries: $ 28,000
Fan with drive 87,500
Evaporative cooling tower 314,000
Total equipment cost $ 864,600
Installation costs, direct
Recipitator supports (Ms&L) $ 23,500
Duct work 154, 400°

(continued)
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Table 4-23 (continued).

Parameter Evaluation S

Stack 0

Piping

Insulation (material & labor)

Painting

Electrical (material & labor) 87,500

Other 340,900°
Total direct costs $ 606,300
Installation costs, indirect

Engineering $ 350,000d

Construction and field expenses 52,000

Construction fees 36,000

Start-up 12,000

Performance test 7,500

Contingencies . 95,000
Total indirect costs $ 552,500

Turnkey cost

$2,023,400

o o

Particulate content of the gas at the inlet and outlet based on a gas flow rate of

2639 m3/min (93,176 scfm) to the system.

Includes duct, insulation lining, materials and labor.

Installation cost of ESP, auxiliaries, and fan.

Includes $31,000 model study.
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Table 4-24. ANNUAL OPERATING COST DATA FOR ADD-ON CONTROL WET

ELECTROSTATIC PRECIPITATOR FOR PHELPS DODGE CORPORATION SMELTER

Parameter

Evaluation $

System description

Inlet gas flow:
Actual conditions
Standard conditions
Temperature
Contaminant loading:
Inlet, concentration
Inlet, wt. rate
Outlet, concentration
Outlet, wt. rate
Cleaning efficiency
Operating hours per year

One evaporative cooling tower to cool gas
to 120°C (250°F) and one fan, followed by
one ESP

4046 m>/min (142,898 acfm)
3021 m>/min (106,673 scfm)
120°C (250°F)

1.28 g/m3 (0.56 gr/scf)
199.04 kg/hr (438.8 1lb/hr)
0.087 g/m3 (0.038 gr/scf)
13.6 kg/hr (30.0 lb/hr)
93.2%

8760

Direct costs

Operating labor
Operator, $10/man-hour
Supervisor, $12/man-hour
Total

Maintenance
Labor, $10/man-hour
Materials
Total

(continucd)

$ 7100
1500
8600

3500
2300
5800
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Table 4-24 (continued).

Parameter

Evaluation S

Replacement parts
Utilities
Electricity, $0.03/kWh
Water, $0.25/1000 gal
Chemicals
Total
Total direct costs
Capital charges
Total annual cost

76,900
119,200
b
196,100
$210,500
354,000
$564,500

2 Included in maintenance cost.

b Included in electricity cost.
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CONVERSION FACTORS

To convert - Multiply To obtain
English units ' by . SI units
Britiéh thermal unit (Btu) 1056 | Joule (3)
Cubic foot (£t3) 0.0283 | Cubic meter (m’)
Degrees fahrenheit '5/9 (°F-32) | Degrees Celsius (C)
Foot 0.3048 Meter (m)
Gallon (U.S. ligquid) 0.0038 | Cubic meter (m3)
Gallon (U.S. liquid) 3.7854 ~ Liter (1)
Horsepower (hp) 746.0 -~ Watt (w)
Inch 0.0254 | Meter (m)
Inches of water 248.8 . Pascal (pa)
Pound | 0.4536 Kilogram (kg)
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TECHNICAL SPECIFICATIONS (COPPER SMELTER)

It is the intent of these specifications to provide the

contractor with sufficient information to furnish and in-

stall a gas-cleaning system, including the control equipment

to treat exhaust gases from an already-installed electro-

static precipitator on a copper concentrate smelting rever-

beratory furnace at the Magma plant at San Manuel, Arizona.

SCOPE OF WORK

Major items of work to be accomplished by contractor

consist of the following:

1.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level from the
discharge of the existing hot electrostatic
precipitator flue to the inlet nozzles of the
required add-on control equipment. The contractor
shall provide heat insulation on flues.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level up the
required support structure for the add-on control
equipment, including all required walkways, stair-

ways, and handrails. The supporting structure



system will exclude foundations, which will be
supplied and furnished by others.

Engineer, design, procure materials and equipment,
fabricate and deliver add-on control equipment,
complete with all electrical equipment required to
place the unit into operation.

Erect the add-on control equipment, including
furnishing and installing heat insulation on the
add-on control equipment where required. The.
erection portion excludes furnishing wire and
conduit or a control room for electrical equip-
ment.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level up the
discharge flues starting at the outlet nozzle
flange of the add-on control equipment and termi-
nating at the new inlet to the present stack.
Provide qualified personnel for the initial start-
up of the complete system. Start-up is to include
all testing, adjustments, and modifications neces-
sary to ensure proper operation of the units at or
above the collection efficiency levels specified
herein. Start-up is also to include the training
of owner's operating and maintenance personnel to

operate and maintain the equipment.



7. The contractor shall provide the services of a
qualified Field Erection Engineer who shall give
supervision and technical assistance as required
during assembly, field erection, and start-up of
the equipment.

8. The contractor will furnish a test model of the
add-on control equipment and the flue systems for
gas-flow study.

GENERAL INFORMATION

An additional fan to handle the pressure drop shall be
included with any add-on control equipment.

All electrical, water, and other services will be
within 100 feet of the new facilities.

Site leveling and preparation by others.

The units are to operate 24 hours per day, 365 days per
year.

The layouts for particulate removal control systems are
shown on attached Sketches A-1 through A-6. The length of
duct runs are shown on the sketches.

DESIGN CRITERIA AND GUARANTEE

1. Collection Efficiency

The add-on control equipment will have a minimum
guaranteed collection efficiency of 98.2 percent

by weight of the entering particulate matter as



determined by EPA Test Method 5, with a filter
temperature of 250°F.

Efficiency Tests

The owner shall make regular tests to check the
collecting efficiency. The contractor and owner
shall jointly test the add-on control equipment
for collection efficiency immediately after com-
pletion of all construction, at 6 months and at 11
months after completion. The test at 11 months
will determine the guarantee performance.

Efficiency Curves

The contractor shall furnish with its proposal
expected efficiency curves, showing the guarantee
point. Curves will show expected efficiency
versus volume, grain loading, percent moisture,
gas temperature, percent 803 in gas, percent lead,
and any other significant parameters affecting
efficiency of the add-on control equipment.

Draft Loss

The draft loss between inlet and outlet flanges of
the nozzles will be held to a minimum to attain

the removal efficiency required.



Gas Velocity

The gas velocity through the precipitator proper
will not exceed 3 feet per second; and the veloc-
ity through a venturi scrubber or baghouse shall
be recommended by the vendor.

Gas Flow Study

The contractor shall construct a test model of the
system from and including the outlets of the waste
heat boilers to the stack.

Redundancy

The control equipment shall be sized with a con-
fidence level of at least 90 percent when the

system is operating at a full mode.

SPECIFIC OPERATING CONDITIONS FOR ADD-ON CONTROL EQUIPMENT

The add-on control equipment will be capable of han-

dling copper smelting reverberatory furnace exhaust gases

described as follows:

Amount of gases per precipitator: 329,000 scfm.
(641,000 acfm)

Operating temperature of gases: 573°F.

Short-term temperature surges to 650°F during

furnace charging periods.

Nominal dust particle inlet loading is 0.77 grain

per SCF. Estimated dust particulate inlet loading

is 1.25 grains per SCF during furnace charging

periods.



Particle size analysis - flue gas at 573°F con-
tained about 77 cummulative percent particulate
present in a size less than 7 micrometers and about
26 cummulative percent particulate present in a
size less than 0.26 micrometers.

Expected volumetric analysis of gas component and
percent: See attached Table 1.

Estimated bulk density of collected dust, dry
pounds per cubic foot: Not available.

Acid dew point of gas: ©Not available.

Expected composition of dust: See attached Table

1 and use outlet composition.

DESIGN LOADS

This should include vertical live loads, lateral loads,

and earthquake considerations.

FLUE SYSTEM:

1.

The flue system shall begin at the outlet flange
of the existing hot electrostatic precipitator and
proceed to the inlet flanges of the add-on control
equipment.

The ductwork from the outlet flange of the exist-
ing hot electrostatic'precipitator to the add-on
control equipment shall be sized for minimum gas

velocity of 3500 feet per minute under maximum



Table 1. SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING ELECTROSTATIC PRECIPITATOR

ON REVERBERATORY FURNACE - MAGMA COPPER COMPANY, SAN MANUEL, ARIZONA

Compliance tests
conducted by
company

EPA compliance
tests by NEIC

Design Actual October 30 and May 14 to 18,
Item (1) (1) 31, 1975 (2) 1976 (3)
ESP manufacturer Research
Cottrell
ESP Inlet Conditions
Volume flow at continuous
rating, acfm 560,000 560,000
(Calc.) {calc.)
scfm 284,000 284,000
Temperature, °F 500-670 500-670
Gas dust loadings:
by instack filter,
gr/scf 0.836 0.836
1b/hr 2035 2035
(calc.) (calc.)
by instack/outstack filter,
gr/scf
lb/hr
by EPA Test Method 5,
gr/scf
1b/hr
ESP Qutlet Conditions
Volume flow at continuous b
rating acfm 331,200 329,000€
scfm 170,000 169,000




Table 1 (Cont'd). SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING ELECTROSTATIC

PRECIPITATOR ON REVERBERATORY FURNACE - MAGMA COPPER COMPANY, SAN MANUEL, ARIZONA

Compliance tests
conducted by EPA compliance
company (2) tests by NEIC
Design Actual October 30 and May 14 to 18,
Item (1)a (1) 31,1975 1976 (3)
ESP Outlet Conditions
(continued) :
Temperature, °F 573 573
Gas dust loadings:
by instack filter
gr/scf 0.01254
1b/hr 30.53 (calc.)
by instack/outstack filter,
gr/scf
1b/hr
by EPA Test Method 5,
gr/scf 0.1201 to 0.39243 0.77¢
1b/hr 2180f
ESP control efficiency, % 98.09
Allowable emissions,
gr/scf 0.014 (calc.)
1b/hr 39.7
At ESP Outlet
SO2 emission, ppm 5400h
1b/hr 17820,
SO3 emissions, ppm 15.91
1b/hr 66.1
CO,, volume percent 4.03
03, volume percent 14.17

H,0, volume percent 8.70



Table

PRECIPITATOR ON REVERBERATORY FURNACE - MAGMA COPPER COMPANY,

1l (Cont'd).

SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING ELECTROSTATIC

SAN MANUEL, ARIZONA

Compliance tests
conducted by EPA compliance
company (2) tests by NEIC
Design Actual October 30 and May 14 to 18,
Item (1) (1) 31, 1975 1976 (3)
Metal analysis, 1lb/hr
Tin (Sn)J 0.16
Arsenic (As) 5.2
Cadmium (Cd) 0.25
Chromium (Cr) 0.10
Copper (Cu) 9.8
Lead (Pb) 3.4
Mercury (Hg) 0.06
Molybdenum (MO) 0.81
Nickel (Ni) 0.03
Selenium (Se) 1.3
Vanadium (V)
Zinc (Zn) 5.?‘
3 Numbers in parenthesis represent corresponding reference listed.
b Average of four compliance test runs conducted by Magma on October 30 and 31, 1975. Included in Appendix
A, Magma Petition for Revision Table 1, page 4. NEIC report.
€ Average of three compliance tests conducted by NEIC from May 14-22, 1976. The actual flow rates were
345,000, 313,000, and 328,300 scfm, respectively.
d Actual emissions during four compliance tests conducted by Magma on October 30 and 31, 1975 were 0.3268,
0.2202, 0.1201, and 0.3924 gr/scf, respectively. 1Isokinetic conditions were not met during all the tests.
€ Average of three test runs (0.71, 0.85, and 0.71 gr/scf) conducted.
£ Actual emissions during the three tests were 2090, 2450, and 2000 lb/hr.
9 Based on instack filter tests.
h Average of three test runs. Actual measurements were 4500, 6670, and 5030 ppm, respectively.
1 Average of three test runs. Actual measurements were 12.8, 16.2, and 18.7 ppm, respectively.
) Metals identified in particulates collected by EPA method 5 in ESP outlet during the second compliance
test run.
k

Filter zinc results are guestionable.
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Table 1

(Cont'd). SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING ELECTROSTATIC

PRECIPITATOR ON REVERBERATORY FURNACE - MAGMA COPPER COMPANY, SAN MANUEL, ARIZONA

Reference

(1)

(2)

(3)

State Implementation Plan Inspection of San Manuel Division Smelter, Magma Copper Company, San
Manuel, Arizona. June 1976. 1In: Emission Testing at the Magma Copper Company Smelter, San
Manuel, Arizona, by National Enforcement Investigations Center. EPA-330/2-76-029. May 2-22, 1976.

Appendix A, Magma Petition for Revision In: Emission Testing at the Magma Copper Company Smelter,
San Manuel, Arizona, by National Enforcement Investigations Center. EPA-330/2-76-029. May 2-22,

1976.

Test Results: In: Emission Testing at the Magma Copper Company Smelter, San Manuel, Arizona, by
National Enforcement Investigations Center. EPA 330/2-76-029. May 12-22, 1976.



future gas flow conditions of 641,200 acfm. This
ductwork shall be rectangular in crosssection,
fabricated of 1/4-inch-thick (minimum) steel plate
consistent with the acidity of the gas stream, and
be equipped with suitably reinforced stiffeners.
An expansion joint in both the vertical and hori-
zontal portions of this ductwork shall be pro-
vided. Any right-angle turns in this ductwork
shall be of the largest centerline radius possible
and designed to minimize pressure drop. The
interface between the throat of the right-angle
turn and the gathering plenum shall be designed to
minimize any particulate material buildup. Turn-
ing vanes will be installed to streamline the flow
where required. Flue shall also be tapered so as
to minimize the entry pressure loss.

Outlets from the gathering flue to the nozzles of
the control system shall be optimized and designed
to provide uniform distribution of flow to the
inlet nozzles, with a minimum pressure drop re-
quired to achieve this optimization. Each outlet
shall also include an air-lock damper at ﬁhe inlet
nozzle to the add-on control equipment and all
necessary platforms, headframes, and hoists re-

quired for operation of the air-lock dampers.
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Expansion joints shall be provided at the inter-
face of the inlet nozzles and the gathering plenum
outlets.

Gas sampling stations and access platforms shall
be provided at points designated by the EPA method

of testing (at system inlet and outlet).

CONTROL SYSTEM SUPPORT STRUCTURE

The add-on control equipment support structure shall be

provided complete with access and stairway landings. Struc-

tural elements required to support the add-on control equip-

ment, access walkways, and stairways should be designed to

provide clearance for any roadways or railroad equipment

that must continue to operate during construction and after

completion of the project.

ADD-ON CONTROL EQUIPMENT:

Electrostatic Precipitators: Dry Type (Sketch A-1)

1.

The electrostatic precipitators will be horizon-
tal-flow, plate-type of heavy-duty construction
and shall be sectionalized and compartmentized for
flexibility. Two separate inlet and outlet noz-
zles are to be provided to make each compartment.
isolated from the other one.

Mild-steel, high-voltage insulator compartménts

are to be provided. These compartments are to be

12



insulated and heated by hot-air, positive pressure
blower systems utilizing electric heating and
inlet air filtering.

3. Access doors and internal walkways between elec-
trical sections will be provided.

4, All access openings will be provided with an
automatic key interlock system to protect per-
sonnel and equipment. Structural and component
design will provide allowance for free expansion
so as to prevent permanent structure deformation at
continuous gas operating temperatures of 600°F.

5. The precipitator housing is to be able to with-
stand the maximum internal negative pressure that
might be created in operation.

PRECIPITATOR CASING

1. The precipitator casing will be of steel plate
construction properly reinforced to withstand the
acidity of the gas stream. Materials will meet
specifications as described in the latest edition
of the ASTM Standards.

2. Inlet and outlet nozzles to precipitator are to be
provided by the contractor. Each nozzle will
include necessary internal supports, guide vanes,

distribution plates and appropriately located U

13



HOPPERS

1.

tube and sample ports. Flanges for attaching
flues are to be included.
Casing and nozzles will be fabricated from steel

plate.

Dust hoppers will be located under the collecting
sections and shall be V-shaped trough or bunker
type.

Hoppers will be constructed of steel plate with a
minimum thickness of 1/4 inch and to withstand the
acidity of the gas stream.

Hoppers will be welded construction, having a
minimum slope of 60°.

Each hopper will be provided with a 15" x 15™ x 1"
manual impact plate spaced at 3-foot centers along
both sides of hoppers at accessible locations.
Impact plate and poke holes are to bée combined.
Provisions shall be made with double "Plattco"
type valves or equivalent to prevent infiltration
of air through the screw conveyors to the gas
stream.

Screw conveyors shall be provided beneath all
precipitator hoppers. Conveyors shall be sized

and powered to handle expected dust loading, but

14



RAPPERS

1.

in no case shall they be less than 12 inches in

diameter or have less than 7-1/2 horsepower drives.

Rappers are to be of the electromagnetic or drop-

hammer type with a heavy rapping force.

KEY INTERLOCKS

l.

Key interlocks, to deenergize the unit, will be of
lock and key type to protect operating personnel
from high-voltage electrical equipment. Inter-
locks will be provided for the power panel, high-
voltage switches, rectifier-transformer sets, and
all access doors in the shell, housing, and hop-
pers that provide entrance into the electrodes in

the high-voltage connections.

ELECTRODES

1.

Collecting plate electrodes are to be minimum
16/18 gauge steel and designed to provide minimum
reentrainment of dust by gas stream during rapping
periods to be compatible with the acidity of the
gas stream.

Discharge wires or solid electrodes will be held
in place parallel to and at equal distances from
the collecting plates by structural steel frames

hanging from high-voltage, with isostatically

15



3.

pressed alumina or equivalent support insulators
located in the shell roof.
Approximate spacing between collecting plates will

be 9 inches.

RECTIFIER-TRANSFORMER SETS

1.

2.

3.

4.

Each precipitator field will be supplied with its
own separately controlled rectifier-transformer
set.

The selenium rectifier-transformers will be 50%
oversized, have adequate surge protection, and
will be the oil-emersed, self-cool type.

The rectifier-transformer will be capable of half-
wave or full-wave power by way of the associated
switch.

Other accessories should include automatic control-
ler, and meters for primary current, primary:volt-

age, secondary current, and secondary voltage.

PRECIPITATOR DISCHARGE FLUE

1.

The precipitator discharge flue shall begin at the
outlet nozzle flange of the precipitators and
terminate at the interface of this flue with the
same point of discharge now used by the hot
electrostatic precipitator.

A manually operated poised-blade louver damper

shall be installed at the outlet nozzle flanges of

16



each precipitator. Damper and operating mechanism
shall be fabricated of type 316 stainless steel
and shall have a minimum-leakage characteristic.
An air-lock damper and an expansion joint shall be
installed between the flow-control damper and the
main flue on each of the two precipitator outlets,
along with all necessary platforms.

Gas sampling stations and access platforms shall
be provided at points designated by EPA Method 5
testing.

Structural elements required to support the dis-
charge flue, access walkways and stairways shall
be designed to provide clearance for railway
equipment that must continue to operate during
construction and after completion of the project.
Expansion joints shall be provided as required to
prevent permanent structural deformations from
occuring at a continuous operating temperature of

600°F.

PRECIPITATOR REDUNDANCY

1.

The precipitation equipment shall be designed so
that guarantee is met with one full width elec-
trical field out of service.

The precipitation equipment shall be sized with a
confidence level of at least 90 percent when all

fields are in service.

17



Electrostatic Precipitator: Wet Type (Sketch A-2 & A-3)

See attached Sketch A-7 for the wet electrostatic,

precipitator circuitry.

The portions of the specification for the dry electro-

static precipitator that are applicable to the wet electro-

static precipitator shall apply.

The following factors shall be included:

1.

Materials of construction shall withstand the
corrosive atmosphere of acidity present in the gas
stream.

Heavy rapping forces are required, 50 "g's" or
greater and continuous cleaning. (Lead and zinc
in the discharge stream can form lead or zinc
oxides that tend to destroy the cleaning capa-
bility of inlet field of the precipitator, there-
fore the necessity of continuous cleaning; zinc
will galvanize to the collecting surfaces and thus
the requirement for heavy rapping.)

If the wet ESP system as shown in Sketch A-7 is
quoted as a complete system with hold tank, pH
control, clarifier, vacuum filtration, pumps,
etc., identify the major materials of construc-
tion, gpm, and estimated sludge discharge (in gpm)

to the pond.

* not applicable

18



7.

COOLING

If the wet ESP system as shown in Sketch A-3
consists of only the electrostatic precipitator,
indicate the gpm of water required, the number of
nozzles for water sprays being supplied, and the
head in inches of water required at the point of
discharge into the precipitator. Also the esti-
mated gpm discharged from the hoppers of the wet
electrostatic gravity and the gpm of make-up water
required.

As shown in Sketch A-2, a cooling chamber ahead of
the wet-electrostatic precipitator would cool the
gas to 250°F (+25°F) prior to its entry into the
wet electrostatic precipitator.

As shown in Sketch A-3, the wet electrostatic
precipitator receiving a gas stream at approxi-
mately 600°F would discharge the cleaned and
cooled gas stream at 250°F (+25°F).

The removal efficiency required would be 98.2%.

CHAMBERS: (Sketch A-1, A-2, A-4, A-6)

Supply a complete system consisting of but not limited

to the following: two cooling chambers of the downflow type

and dry bottom design with a water filtration and pumping

system, automatic apparatus for control of exit temperature,

and all necessary piping, insulation, etc. Also supply the

19



supports and ductwork, with insulation, to convey the cooled
gases at 250°F (+25°F) from the discharge of the cooling
tower to the precipitator. The chamber will have clean-out
doors permitting man-entry and front-end unloaders for
clean-up purposes.

The water system will be a closed-loop type. The
materials of construction shall be compatible with the
corrosive atmosphere of the gases.

Foundations will be by others.

VENTURI SCRUBBER: (Sketch A-5)

Supply a complete system consisting of but not limited
to the following: one venturi scrubber with a holding tank,
pumps, piping, variable~throat control, pH control, clari-
fier, vacuum filtration, flocculant additive system, struc-
tural supports, walkways, platforms, insulation, valving,
ductwork as required, demister, etc. The pressure drop will
be suggested by bidder. The materials of a construction
shall be compatible with the corrosive atmosphere of the
gases.

The water system will be a closed-loop type.

The materials of construction shall be compatible with
the corrosive atmosphere of the gases.

Foundations will be by others.

20



FABRIC FILTER BAGHOUSE: (Sketch A-6)

Supply a complete system consisting of but not limited
to the following: one fabric filter (pulse-jet type, etc.
will be left to the discretion of the vendor), baghouse,
readily changeable bags, clean-out doors for interior clean-
ing of collectors and inspection; cooling chamber, pumps,
etc. The bags and materials of construction shall be
compatible with the acidity of the treated gases.

GENERAL DESIGN COMMENTS

1. All systems will be tabulated and broken down into
major components, i.e., electrostatic precipitator,
ductwork, structural steel, controls, (electrical,
etc.) with their erected costs.

2. Each major piece of equipment (i.e., electrostatic
precipitator, baghouse, etc.) will be reported as
to square feet of collection area, number of
fields, rapping force, type of electrodes, mate-
rials of construction, total weight in tons, size,
height, duct size, number of bags, size, type,
ete.).

3. Annual operating costs with quantities of elec-
tricity, water, etc. used; operating manpower,
maintenance manpower, and costs; estimated life of

the control equipment.

21



Equipment shall be in conformance with the National
Electrical Code, OSHA, Federal, State, and local
regulations.

Satisfactory performance tests will be as indi-

cated in the dry electrostatic precipitator.

22
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TECHNICAL SPECIFICATIONS (COPPER SMELTER)

It is the intent of these specifications to provide the

contractor with sufficient information to furnish and in-

stall gas-cleaning systems, including the control equipment

to treat exhaust gases from an already-installed electro-

static precipitator on a copper concentrate smelting rever-

beratory furnace at the Phelps Dodge plant at Ajo, Arizona.

SCOPE OF WORK

Major items of work to be accomplished by contractor

consist of the following:

1.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level from the
discharge of the existing hot electrostatic
precipitator flue to the inlet nozzles of the
required add-on control equipment. The contractor
shall provide heat insulation on flues.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level up the
required support structure for the add-on control
equipment, including all required walkways, stair-
ways, and handrails. The supporting structure
system will exclude foundations, which will be

supplied and furnished by others.



Engineer, design, procure materials and equipment,
fabricate, and deliver add-on control equipment,
complete with all electrical equipment required to
place the unit into operation.

Erect the add-on control equipment, including
furnishing and installing heat insulation on the
add-on control equipment where required. The
erection portion excludes furnishing wire and
conduit or a control room for electrical equip-
ment.

Engineer, design, procure materials and equipment,
fabricate, and erect from ground level up the
discharge flues starting at the outlet nozzle
flange of the add-on control equipment and termi-
nating at the present discharge to the ducting
utilized by the existing hot electrostatic pre-
cipitator.

Provide qualified personnel for the initial start-
up of the complete system. Start-up is to include
all testing, adjustments, and modifications neces-
sary to ensure proper operation of the units at or
above the collection efficiency levels specified
herein. Start-up is also to include the training
of owner's operating and maintenance personnel to

operate and maintain the equipment.



7. The contractor shall provide the services of a
qualified Field Erection Engineer who shall give
supervision and technical assistance as required
during assembly, field erection, and start-up of
the equipment.

8. The contractor will furnish a test model of the
add-on control equipment and the flue systems for
gas-flow study.

GENERAL INFORMATION

An additional fan to handle the pressure drop shall be
included with any add-on control equipment.

All electrical, water, and other services will be
within 100 feet of the new facilities.

Site leveling and preparation by others.

The units are to operate 24 hours per day, 365 days per
year.

The layouts for particulate removal control system are
shown on attached Sketches A-1 through A-6. The length of
duct runs are shown on the sketches.

DESIGN CRITERIA AND GUARANTEE

1. Collection Efficiency

The add-on control equipment will have a minimum

guaranteed collection efficiency of 93 percent by



weight of the entering particulate matter as
determined by EPA Test Method 5, with a filter
temperature of 250°F.

Efficiency Tests

The owner shall make regular tests to check the
collecting efficiency. The contractor and owner
shall jointly test the add-on control equipment
for collection efficiency immediately after com-
pletion of all construction, at 6 months and at 11
months after completion. The test at 11 months
will determine the guarantee performance.

Efficiency Curves

The contractor shall furnish with its proposal
expected efficiency curves, showing the guarantee
point. Curves will show expected efficiency
versus volume, grain loading, percent moisture,
gas temperature, percent SO3 in gas, percent lead,
and any other significant parameters affecting
efficiency of the add-on control equipment.

Draft Loss

The draft loss between inlet and outlet flanges of
the nozzles will be held to a minimum to attain

the removal efficiency required.



Gas Velocity

The gas velocity through the precipitator proper

will not exceed 3 feet per second; and the veloc-
ity through a venturi scrubber or baghouse shall

be recommended by the vendor.

Gas Flow Study

The contractor shall construct a test model of the
system from and including the outlets of the waste
heat boilers to the stack.

Redundancy

The control equipment shall be sized with a con-
fidence level of at least 90 percent when the

system is operating at a full mode.

SPECIFIC OPERATING CONDITIONS FOR ADD-ON CONTROL EQUIPMENT

The add-on control equipment will be capable of han-

dling copper smelting reverberatory furnace exhaust gases

described as follows:

1.

2.

3.

Amount of gases per precipitator: 186,000 acfm.
Operating temperature of gases: 598°F.

Short-term temperature surges to 650°F during
furnace charging periods.

Nominal dust particle inlet loading is 0.56 grain
per SCF. Estimated dust particulate inlet loading
is 1.37 grains per SCF during furnace charging

periods.



Expected dust screen analysis mesh and percent:
Not available.

Expected volumetric analysis of gas component and
percent: See attached Table 1.

Estimated bulk density of collected dust, dry
pounds per cubic foot: Not available.

Acid dew point of gas: Not available.

Expected composition of dust: Table 2 presents
element analysis at existing electrostatic pre-

cipitator inlet and outlet.

DESIGN LOADS

This should include vertical live loads, lateral loads,

and earthquake considerations.

FLUE SYSTEM:

1.

The flue system shall begin at the outlet flange
of the existing hot electrostatic precipitator and
proceed to the inlet flanges of the add-on control
equipment.

The ductwork from the outlet flange of the exist-~
ing hot electrostatic precipitator to the add-on
control equipment shall be sized for minimum gas
velocity of 3500 feet per minute under maximum
future gas-flow conditions of 186,000 acfm. This
ductwork shall be rectangular in cross section,
fabricated of 1/4-inch-thick (minimum) steel plate

consistent with the acidity of the gas stream, and



Table 1.

SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING

ELECTROSTATIC PRECIPITATOR ON REVERBERATORY FURNACE -

PHELPS DODGE COPPER SMELTER, AJO, ARIZONA

Radian SRI test Aerotherm
test results results test results
Design Actual July 6-16, 1976 |July 9-10, 1976 | July 15-30, 1976
Item (1)a (1) (2) (3) (4)
ESP manufacturer Joy Western
ESP inlet conditions
Velocity, fps at 13.8 psia 55 to S
Volume flow at con- 150,000° 164,000 160, 0004
tinous rating, acfm
scfm 75,000 (calc) 77,580 (calc)
Temperature, °F 600 (max.) 450 to 550 633
Gas dust loadings:
by instack filter,
gr/scf 2.25 (max.)® 0.592 avg. 0.6 (0.17
(calc.) to 1.55)¢
1b/hr 1446.43 421e avg. 403 (calc)
(calc max.)
by instack/outstack
filter, gr/scf 1.56 to 2.47°
1b/hr 1041 to 1648
(calc.)
by EPA test method 5,
gr/scf
1b/hr
ESP outlet conditions
Velocity, fps 114 77.17
Volume flow at con- h
tinuous rating, acfm 185,330 116,20¢C
scfm 92,840 (calc) 59,500 (calc)
Temperature, °F 598 550 to 600
Gas dust loadings:
by instack filter, A
gr/scf 0.063 0.067 0.02t 0.42 (calc)
(calc)
1b/hr 40 (guar- 47) 13.44 (calc) 212.8¢

anteed)




Table 1 (continued).

SUMMARY OF PARTICULATE EMISSION DATA FOR EXISTING

ELECTROSTATIC PRECIPITATOR ON REVERBERATORY FURNACE -

PHELPS DODGE COPPER SMELTER, AJO, ARIZONA

Radian SRI test Aerotherm
test results results test results
Design Actual July 6-16, 1976 [July 9-10, 1976 |July 15-30, 1976
Item (1)a (1) (2) (3) (4)
ESP outlet conditions
{continued)
by instack/outstack 1
filter, gr/scf 0.84 to 1.37 0.83 (calc.)
1b/hr 560 to 914 423.5m
{(calc.)
by EPA test method 5,
gr/scf 0.56 (calc.)
1b/hr 285,40
ESP control efficiency, % 96.83° 96.79
Dust size analysis
at ESP inlet >10um"
at ESP outlet
Gas composition, % ESPS ESP® ESPS
inlet outlet outlet
H20 13.2 12.3 12,2
0, 10.7 9.5 13.6
CO, 6.0 6.5 4.1
S03 0.33 0.56 8.1
0.006 0.012 0.0034

S03




Footnotes

a

b
c
d

e
e

f

g

h
i

j

1

m

P
q
r
8

Numbers in parentheses represent corresponding references listed.

Actual measurements in each of the two inlet ducts to the ESP were 55 and 57 fps, respectively.
At 32°F and 14.7 psia.

Average of six tests conducted on July 7 through July 10, 1976. During the test runs, the volume rate
varies from 148,000 to 167,000 acfm.

1975 tests by Engineering Testing Laboratories, using WP Method 50, hard particulates only.

Result of flve test runs COllducted July 8 th[ough Jul 10, 1976. Actual emissions varied fIOlll 0-1;
to 1.55 gI/SCf' Y

According to Radian, the outlet sampling locations was much more favorable than the inlet and for this
reason to gas flow rate obtained at the outlet 78,400 scfm was used to calculate the flow rates of gas

through the ESP. Based on this gas flow rate and average loading of 0.6 gr/scf, Radian calculated
a mass flow rate of 340 1b/hr.

Results of two test runs performed at a single point in the one duct (two ducts lead into ESP). Test
run 1 collected 0.58 gr/scf on instack filter and 1.89 gr/scf on outstack filter, and test run 2
collected 0.31 gr/scf on instack filter and 1.25 gr/scf on outstack filter.

Average of 11 tests conducted July 20 to 30, 1976, during which the volume flow was between 46,700 and
70,000 scfm.

Average of five test conducted on July 8 to 10, 1976. The minimum and maximum dust loadings obtained
during the test were 0.017 and 0.025 gr/scf, respectively.

1975 tests by Engineering Testing Laboratories, using EPA method 5 with sulfates deducted.

Average particulate collected on instack filter during two tests conducted by using instack/outstack
filters on July 29 and 30, 1976. The actual readings were 217.2 and 208.4 lb/hr.

Results of three test runs. The actual readings were 0.97, 0.84, and 1.37 gr/scf. Amounts collected
on instack filters in these three test runs were 0.027, 0.072, and 0.019 gr/scf, respectively.

Average of two test runs coaducted on July 29 and 30, 1976. Actual readings were 423.0 and 423.9 1lb/hr.

n Average of seven test runs during July 21-28, 1976. The minimum and maximum readings were 216.2 and

331.3 1lb/hr, respectively.

Guaranteed efficiency based on instack filter tests.
Using instack filter method.

Overall mass median diameter.

Average of many measurements.



Table 2.

ANALYSES OF TOTAL PARTICULATE (SOLID PHASE AND
VAPOR PHASE PARTICULATE AT THE EXISTING ELECTROSTATIC
PRECIPITATOR OUTLET (IN POUNDS PER HOUR)

Total particulate | Total particulate Vapor phase
(measured on (measured on (measured on
Element 7/11/76) 7/13/76) 7/16/76)
As 140 76 15
Ba ND 0.64 0.27
Be 0.011 3.4x10-3 <4x10-3
cd 0.016 7.6 1.1x10-4
Cr 0.011 0.044 0.036
Cu 1.0 18 2.94
F 7.5 9.4 11.0
Fe - 0.55 0.196
Hg 5.6x1073 0.033 0.062
Mo 0.16 0.17 0.016
Ni 0.085 0.011 0.031
Pb 0.079 0.38 8.7x10"3
Sb 0.33 0.030 3.0x10~3
Se 0.97 0.65 0.21
\ 0.062 0.027 0.020
Zn 0.082 0.22 0.036

a Existing ESP in operating at 598°F.

P In addition, 2210 lbs/hr of sulfur was collected as SO,
and 50 1lb/hr sulfur as SOj,

(Radian Corporation conducted gas particulate sampling
on the reverberatory furnace and its control system at
Phelps-Dodge Copper Company during July 1976. During the
sampling program, they measured the total particulate solid
phase and vapor phase, present in the existing electrostatic
precipitator outlet by using a wet electrostatic precipitate
sampler in series with a set of impingers. They also
measured only vapor phase particulate content of the gas at
the existing ESP outlet by using a cyclone and filter to
separate solid phase particulate of the gas, and a set of
impingers in series to trap the vapor phase particulate.
Table 2 presents analyses of total particulate and vapor
phase particulate.)
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be equipped with suitably reinforced stiffeners.
An expansion joint in both the vertical and hori-
zontal portions of this ductwork shall be pro-
vided. Any right-angle turns in this ductwork
shall be of the largest centerline radius possible
and designed to minimize pressure drop. The
interface between the throat of the right-angle
turn and the gathering plenum shall be designed to
minimize any particulate material buildup. Turning
vanes will be installed to streamline the flow
where required. Flue shall also be tapered so as
to minimize the entry pressure loss.

Outlets from the gathering flue to the nozzles of
the control system shall be optimized and designed
to provide uniform distribution of flow to the
inlet nozzles, with a minimum pressure drop re-
quired to achieve this optimization. Each outlet
shall also include an air-lock damper at the inlet
nozzle to the add-on control equipment and all
necessary platforms, headframes, and hoists re-
quired for operation of the air-lock dampers.
Expansion joints shall be provided at the inter-
face of the inlet nozzles and the gathering plenum

outlets.

11



5.

Gas sampling stations and access platforms shall
be provided at points designated by the EPA method

of testing.

CONTROL SYSTEM SUPPORT STRUCTURE

The add-on control equipment support structure shall be

provided complete with access and stairway landings. Struc-

tural elements required to support the add-on control equip-

ment, access walkways, and stairways should be designed to

provide clearance for any roadways or railroad equipment

that must continue to operate during construction and after

completion of the project.

ADD-ON CONTROL EQUIPMENT:

Electrostatic Precipitators: Dry Type (Sketch A-1)

1.

The electrostatic precipitators will be horizontal-
flow, plate-type of heavy-duty construction and
shall be sectionalized and compartmentized for
flexibility. Two separate inlet and outlet noz-
zles are to be provided to make each compartment
isolated from the other one.

Mild-steel, high-voltage insulator compartments

are to be provided. These compartments are to be
insulated and heated by hot-air, positive-pressure
blower systems utilizing electric heating and

inlet air filtering.

12



Access doors and internal walkways between elec-
trical sections will be provided.

All access openings will be provided with an
automatic key interlock system to protect per-
sonnel and equipment. Structural and component
design will provide allowance for free expansion
so as to prevent permanent structure deformation
from occurring at continuous gas operating tempera-
tures of 600°F.

The precipitator housing is to be able to with-
stand the maximum internal negative pressure that

might be created in operation.

PRECIPITATOR CASING

1.

The precipitator casing will be of steel plate
construction properly reinforced to withstand the
acidity of the gas stream. Materials will meet
specifications as described in the latest edition
of the ASTM Standards.

Inlet and outlet nozzles to precipitator are to be
provided by the contractor. Each nozzle will
include necessary internal supports, guide vanes,
distribution plates and appropriately located U
tube and sample ports. Flanges for attaching
flues are to be included.

Casing and nozzles will be fabricated from steel

plate.

13



HOPPERS

1.

Dust hoppers will be located under the collecting
sections and shall be V-shaped trough or bunker
type.

Hoppers will be constructed of steel plate with a
minimum thickness of 1/4 inch and to withstand the
acidity of the gas stream.

Hoppers will be welded construction, having a
minimum slope of 60°.

Each hopper will be provided with a 15" x 15" x 1"
manual impact plate spaced at 3-foot centers along
both sides of hoppers at accessible locations.
Impact plate and poke holes are to be combined.
Provisions shall be made with double "Plattco"
type valves or equivalent to prevent infiltration
of air through the screw conveyors to the gas
stream.

Screw conveyors shall be provided beneath all
precipitator hoppers. Conveyors shall be sized
and powered to handle expected dust loading, but
in no case shall they be less than 12 inches in
diameter or have less than 7-1/2 horsepower

drives.

14



RAPPERS

1.

Rappers are to be of the electromagnetic or drop

hammer type with a heavy rapping force.

KEY INTERLOCKS

1.

ELECTRODES

l.

Key interlocks, to deenergize the unit, will be of
lock and key type to protect operating personnel
from high-voltage electrical equipment. Inter-
locks will be provided for the power panel, high-
voltage switches, rectifier-transformer sets, and
all access doors in the shell, housing, and hoppers
that provide entrance into the electrodes in the

high~voltage connections.

Collecting plate electrodes are to be minimum
16/18 gauge steel and designed to provide minimum
reentrainment of dust by gas stream during rapping
periods to be compatible with the acidity of the
gas stream.

Discharge wires or solid electrodes will be held
in place parallel to and at equal distances from
the collecting plates by structural steel frames
hanging from high-voltage, with isostatically
pressed alumina or equivalent support insulators

located in the shell roof.

15



3. Approximate spacing between collecting platés will

be 9 inches.
RECTIFIER-TRANSFORMER SETS

1. Fach precipitator field will be supplied with its
own separately controlled rectifier-transformer
set.

2. The selenium rectifier-transformers will be 50%
oversized, have adequate surge protection, and
will be the oil-emersed, self-cool type.

3. The rectifier-transformer will be capable of half-
wave or full-wave power by way of the associated
switch.

4. Other accessories should include automatic con-
troller, meters for primary current, primary
voltage, secondary current and secondary vo;tage.

PRECIPITATOR DISCHARGE FLUE

1. The precipitator discharge flue shall begin at the
outlet nozzle flange of the precipitators and
terminate at the interface of this flue with the
same point of discharge now used by the hot
electrostatic precipitator.

2. A manually operated poised-blade 1ouver damper
shall be installed at the outlet nozzle flanges of
each precipitator. Damper and operating mechanism
shall be fabricated of type 316 stainless steel

and shall have a minimum-leakage characteristic.

16



An air-lock damper and an expansion joint shall be
installed between the flow-control damper and the
main flue on each of the two precipitator outlets,
along with all necessary platforms.

Gas sampling stations and access platforms shall
be provided at points designated by EPA Method 5
testing.

Structural elements required to support the dis-
charge flue, access walkways, and stairways shall
be designed to provide clearance for railway
equipment that must continue to operate during
construction and after completion of the project.
Expansion joints shall be provided as required to
prevent permanent structural deformations from
occuring at a continuous operating temperature of

600°F.

PRECIPITATOR REDUNDANCY

1.

The precipitation equipment shall be designed so
that guarantee is met with one full-width elec-
trical field out of service.

The precipitation equipment shall bé sized with a
confidence level of at least 90 percent when all

fields are in service.

17



Electrostatic Precipitator: Wet Type (Sketch A-2 & A-3)

See attached Sketch A-7 for the wet electrostatic

precipitator circuitry.

The portions of the specification for the dry electro-

static precipitator that are applicable to the wet electro-

static precipitator shall apply.

The following factors shall be included:

1.

Materials of construction shall withstand the
corrosive atmosphere of acidity present in the gas
stream.

If the wet ESP system as shown in Sketch A-7 is
quoted as a complete system with hold tank, pH
control, clarifier, vacuum filtration, pumps,
etc., identify the major materials of construc-
tion, gpm, and estimated sludge discharge (in gpm)
to the pond.

If the wet ESP system as shown in Sketch A-3
consists of only the electrostatic precipitator,
indicate the gpm of water required, the number of
nozzles for water sprays being supplied, and the
head in inches of water required at the point of
discharge into the precipitator, amount of water
required for flushing and water flushing frequency.

Also the estimated gpm discharged from the hoppers

18



of the wet electrostatic gravity, and the gpm of
make-up water required.

4, As shown in Sketch A-2, a cooling chamber ahead of
the wet-electrostatic precipitator would cool the
gas to 250°F (+25°F) prior to its entry into the
wet electrostatic precipitator.

5. As shown in Sketch A-3, the wet electrostatic
precipitator receiving a gas stream at approxi-
mately 600°F would discharge the cleaned and
cooled gas stream at 250°F (+25°F).

6. The removal efficiency required would be 93%.

COOLING CHAMBERS: (Sketch A-1, A-2, A-4, A-6)

Supply a complete system consisting of but not limited
to the following: two cooling chambers of the downflow type
and dry bottom design with a water filtration and pumping
system, automatic apparatus for control of exit temperature,
and all necessary piping, insulation, etc. Also supply the
supports and ductwork, with insulation, to convey the cooled
gases at 250°F (+25°F) from the discharge of the cooling
tower to the precipitator. The chamber will have clean-out
doors permitting man-entry and front-end unloaders for
clean-up purposes.

The water system will be a closed-loop type. The

materials of construction shall be compatible with the

corrosive atmosphere of the gases.

19



Foundations will be by others.
VENTURI SCRUBBER: (Sketch A-5)

Supply a complete system consisting of bqt not limited
to the following: one venturi scrubber with a holding tank,
pumps, piping, variable-throat control, pH control, clari-
fier, vacuum filtration, flocculant additive system, struc-
tural supports, walkways, platforms, insulation, valving,
ductwork as required, demister, etc. The pressure drop will
be suggested by the bidder. The materials of a construction
shall be compatible with the corrosive atmosphere of the
gases.

The water system will be a closed-loop type.

The materials of construction shall be compatible with
the corrosive atmosphere of the gases.

Foundations will be by others.

FABRIC FILTER BAGHOUSE: (Sketch A-6)

Supply a complete system consisting of but not limited
to the following: one fabric filter (pulse-jet type, etc.
will be left to the discretion of the vendor), baghouse,
readily changeable bags, clean-out doors for interior clean-
ing of collectors and inspection; cooling chambers, pumps,
piping, etc. The bags and all materials of construction
shall be compatible with the acidity of the treated gases.

Temperature of gases to the baghouse will be 250°F (+25°F).

20



GENERAL DESIGN COMMENTS:

1. All systems will be tabulated and broken down into
major components, i.e., electrostatic precipitator,
ductwork, structural steel, controls (electrical,
etc.) with their erected costs.

2. Each major piece of equipment (i.e., electrostatic
precipitator, baghouse, etc.) will be reported as
to square feet of collection area, number of
fields, rapping force, type of electrodes, mate-
rials of construction, total weight in tons, size,
height, duct size, number of bags, size, type,
etc.).

3. Annual operating costs with quantities of elec-
tricity, water, etc. used; operating manpower,
maintenance manpower and costs; estima*ed life of
the control equipment.

4. Equipment shall be in conformance with the National
Electrical Code, OSHA, Federal, State, and local
regulations.

5. Satisfactory performance tests will be as indi-

cated in the dry electrostatic precipitator.
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Subpart P—Standards of Performance for
Primary Copper Smeiters 26

§60.160  Applicability and designation
of affected Facility.

The provisions of this subpart are ap-
plicable to the following afTected facilities
in primary copper smelters: Dryer,
roaster. smelting furnace, and copper
converter.

Delinitions.

§ 60,1061

As used in this subpart, all terms not
defined herein shall have the meaning
given them in the Act and in subpart

A of this part.

ta) “Primary copper smelter” means
any installation or any Intermediate
process engaged in the production of
copper I[rom copper sulfide ore concen-
trates through the use of pyrometallurgi-
cal techniques. .

(b) “Dryer” means any facility in
which a copper sulfide ore concentrate
charge Is heated In the presence of alr
to eliminate a portion of the moisture
{from the charge, provided less than 5
percent of the sulfur contained in the
charge is eliminated In the facility.

(c) “Roaster” means any {acility In
which a copper sulfide ore concentrate
charge is heated In the presence of air
to eliminate a significant portion (5 per-
cent or more) of the sulfur contained
in the charge.

(d) “Calcine” means the solid mate-
rials produced by a roaster. )

(e) “Smelting” means  processing
techniques for the melting of a copper
sulfide ore concentrate or calcine charge
leading to the formation of separate lay-
ers of molten slag, molten copper, and/or
copper matte.

(f) “Smelting furnace” means any
vessel in which the smelting of copper
sulfide ore concentrates or calcines is
performed and in which the heat neces-
sary for smelting is provided by an elec-
tric current, rapid oxidation of a portion
of the sulfur contained in the concen-
trate as it passes through an oxidizing
?t.mosphere, or the combustion of a fossil
uel.

(g) “Copper converter” means any
vessel to which copper matte is charged
and oxidized to copper.

(h) “Sulfuric acid plant” means any
facility producing sulfuric acid by the
contact process.

1) “Fossil fuel” means natural gas,
petroleum, coal, and any form of solid,
liquid, or gaseous fuel derived from such
materials for the purpose of creating
useful heat.

($) “Reverberatory smelting furnace”
means any vessel in which the smelting
of copper sulfide ore concentrates or cal-
cines ts performed and in which the heat
Necessary for smelting is provided pri-
marily by combustion of a fossil fuel.

(k) “Total smelter charge” means the
weight (dry basls) of all copper sulfides
ore concentrates processed at a primsry
copper smelter, plus the welght of all
other solid materials introduced into the

roasters and smelting furnaces at a pri-
mary copper smelter, except calcine, over
& one-month period.

(1) "High level of volatile impuritles”
means a total smelter charge containing
more than 0.2 welght percent arsenic, 0.1
welght percent antimony, 4.6 weight per-
cent lead or 5.5 weight percent zinc, on
a dry basia.

§ 60.162 Siandard for particulsic mat.
ter.

(a) On and after the date on which
the performance test required to be con-
ducted by § 60.8 is completed, no owner
or operator subject to the provisions of
this subpart shall cause to be discharged
into the atmosphere from any dryer any
gases which contain particulate matter
in excess of 50 mg/dscm (0.022 gr/dscf).

§ 60.163 Siandurd for rulfur dioxide.

(b) On and after the date on which
the performance test required to be con-
ducted by § 60.8 is completed, no owner
or operator subject to the provisions
of this subpart shall cause to be dis-
charged into the atmosphere from any
roaster, smelting furnace, or copper con-
verter any gases which contaln sulfur
dioxide i{n excess of 0.065 percent by
volume, except as provided in para-
graphs (b) and (c) of this section.

(b) Reverberatory smelting furnaces
shall be exempted from paragraph (a)
of this section during periods when the
total smelter charge at the primary cop-
per smelter contains a high level of
volatile impurities.

(¢) A change in the fuel combusted
in a reverberatory furnace shall not be
considered a modification under this
part.

§ 60.164 Standard for visible emissions.

(a) On and after the date on which
the performance test required to be con-
ducted by § 60.8 is completed, no owner
or operator subject to the provisions of
this subpart shall cause to be discharged
into the atmosphere from any dryer any
visible emisstons which exhibit greater
than 20 percent opacity.

(b) On and after the date on which
the performance test required to be con-
ducted by § 60.8 is completed, no owner
or operator subject to the provisions of
this subpart shall cause to be discharged
into the atmosphere from any affected
facility that uses a sulfuric acid to com-
ply with the standard set forth in
§ 60.163, any visible emissions which ex-
hibit greater than 20 percent opacity.

§ 60.165 Monilaring of operations.

(a) The owner or operator of any prit
mary copper smelter subject to § 60.163
(b) shall keep 8 monthly record of the
total smelter charge and the weight per-
cent (dry basis) of arsenic. antimony,
Jead and zinc contained in this charge.
The analytical methods and procedures
employed to determine the weight of the

total smelter charge and the weight
percent of arsenic, antimony, lead and

D-3

zinc shall be approved by the Adminis-
tretor and shali be accurate to within
plus or minus ten percent. 30

(b) The owner or operc.tor of any pri-
maory copper smelter subject to the pro-
visions of this subpart shall install and
operate:

(1) A contlnuous monitoring 3ystem
to monitor and record the opacity of
gases discharged into the atmosphere
from any dryer. The span of this system
shall be set at 80 to 100 percent opacity.

(2) A continuous monitoring system
to monlior and record sulfur dioxide
emissions discharged into the atmos-
phere from a.ay roaster, emelting furnace
or copper converter subject to § 60.163
(a). The span of this system shall be
set at A sulfur dioxide concentration of
0.20 percent by vclume.

(1) The continuous monitoring system
performance evaluation required under
§ 60.13(c) shall be completed prior to the
initial performance test required under
§ 60.8. During the performance evalua-
tion, the span of the continuous moni-
toring system may be set at a sulfur
dioxide concentration of 0.15 percent by
volume if necessary to maintain the sys-
tern output betwcen 20 percent and 80
percent of full scale. Upon completion
of the continuous monitoring system
performance evaluation, the span ¢f the
continuous monitoring system shall be
set at a sulfur dloxide concentration of
0.20 percent by volume.

(ii) For the purpose of the continuous
monitoring system performance evalua-
tion required under § 60.13(¢c) the ref-
erence method referred’ to under the
Field Test for Accuracy (Relative) in
Performance Specification 2 of Appendix
B to this part shall be Reference Method
6. For the performance evaluation, each
concentration measurement shail be of
one hour duration. The pollutant gas
used to prepare the calibration gas mix-
tures required under paragraph 2.1, Per-
formance Specification 2 of Appendix 3,
and for calibration checks under § 60.13
(d), shall be suifur dioxide.

(¢) Six-hour average sulfur dioxide
concentrations shall be calculated and
recorded daily for the four consecutive 6-
hour periods of each operating day. Each
six~-hour average shall be determined as
the arith.metic mean of the appropriate
six contiguous one-hour average sulfur
dioxide concentrations provided by the
continuous monitoring system instalied
under paragraph (b) of this section.

(d) For the purpose of reporis required
under § 60.7(c), perlods of excess emis-.
sions that sha!l be reported are defined
as follows:

(1) Opacity. Any six-minute period
during which the average opacity, as
measured by the continuous monitoring
system installed under paragraph (b) of
this section, exceeds the standard under
§ 60.164(a).

(2) Sulfur cioxide. Any six-hour pe-
riod, as described in paragraph (¢) of
this section, during which the average
emissions of sulfur dioxide, as measured
by the continuous monitoring system in-
stalled under paragraph (b) of this sec-
tion, exceeds the standard under
§ 60.163,



§ 60.166 Test methods sud procedures.

(a) The reference methods in Ap-
pendix A to this part, except as provided
for in § 60.8(b), shall be used to deter-
mine compliance with the standards
prescribed in §§ 60.162, 60.163 and
60.164 as follows:

(1) Method 5 for the concentration of
particulate matter and the associated
moisture content.

(2) Sulfur dioxide concentrations shall
be determined using the continuous
monitoring system Installed in accord-
ance with § 60.165(b). One 6-hour aver-
ape period shall constitute one run. The
monitoring system drift during any run
shall not exceed 2 percent of span.

(b) For Method 5, Method 1 shall be
used for selecting the sampling site and
the number of traverse points, Method 2
for determining velocity and volumetric
flow rate and Method 3 for determining
the gas analysis. The sampling time for
ecach run shall be at least 60 minutes and
the minimum sampling volume shall be
0.85 dsem (30 dscf) except that smaller
times or volumes, when necessitated by
process variables or other factors, may
be approved by the Administrator.



552.126 Coutrol strategy and regula-
tions: Particulate matter.

(a) The requirements of §§51.13 and
51.22 of this chapter are not met since
the plan does not provide the degree of
control necessary to attain and main-
tain the national standards for particu-
late matter in the Phoenix-Tucson
Intrastate Region. Therefore, Regula-
tion 7-1-3.6 (process industries) of the
Arizona Rules and .Regulations ' for Air
Pollution Control, Rule 31(E) (process
industries! in Regulation III of the
Maricopa County Air Pollution Control
Rules and Regulations, and Rule 2(B)
(process industries) in Regulation IL of
the Rules and Regulations of the Pima
County Air Pollution Control District
are disapproved for the Phoenix-Tucson
Intrastate Region. -

(b) Replacement regulation for Regu-
lation 7-1-3.6 of the Arizona Rules and
Regulations for Air Pollution Control,
Rule 31(E) of Regulation III of the Mari-
copa County Air Pollution Control Rules
and Regulations, and Rule 2(B) of Reg-
ulation II of the Rules and Regulations
o/ Pima County Air Pollution Control
District (Phoeniz-Tucson Intrastate Re-
gion) .—(1) No owner or operator of any
stationary process source in the Phoenix-
Tucson Intrastate Region (§ 81.36 of this
chapter) shall discharge or cause the
discharge of particulate matter into the
atmosphere in excess of the hourly rate

_shown in the following table for the proc-
353 weight rate identified for such
source:

Process Emission Process Emission
weight rute rate waight rate rate

{pounds (pounds (pounds (pounds
per hour) per hour) per hour) per hour}

0.38 60, 000 29.60

0.5 80, 000 31.19

1.583 120, 000 N3

2.25 160, 00 3485

4.31 200, 00 a6, t1

9.73 400, (00 40.35

1.9 1, 000, VOO 46.72

(i) Interpolation of the data in the ta-
ble for process weight rates up to 60,000
Ibs/hr shall be accomplished by use of
the equation:

E=359 p»® P< 30tons/h

and interpolation and extrapolation of
the data for process weight rates in ex-
cess of 60,000 Ibs/hr shall be accoin-
plished by use of the equation:

E=1731pPow P> 30tons/h

Whers: E=Emissions in pounds per hour
P=Process welght In tons per hour

(1i) Process weignt 1s the cotal weign:
of all materials and solid fuels introduceu
into any specific process. Liquid and
gaseous fuels and combustion air will
not be considered as part of the process
weight. For a cyclical or batch operation,
the proc:ss weight per hour wiil be de-
rived by dividing the total process weight
by the number of hours in one complete
operation from the beginning of the
given process to the completion thereof,
excluding any time during which the
equipment is idle. For a continuous op-
eration, the process weight per hour will
be derived by dividing the process weight
for a given periocd of time by the num-
ber of hours in that period.
~ (i2) ¥or jurposes of this regulation,
the total provess weight from all similar
units empioying a similar type process
shall be usec¢ in determining the maxi-
mum allowable emission of particulate
matter.

(2) Paragraph ‘t’(1) of this section
shall not apply to incinerators, fuel
burning installations, or Portland cement
plants having a process weight rate in
excess of 250,000 1b/h.

(3) No owner or operator of a Port-
land cement plant in the Phocenix-Tucson
Intrastate Region (§ 81.36 of this chap-
ter) with a process weight rate in excess
of 250,000 1b/h shall discharge or cause
the discharge of particulate matter into
the atmosphere in excess of the amount
specified in § 60.62 of this chapter.

(5) The test methods and procedures
used to determine compliance with this
paragraph are set forth below. The meth-
ods referenced are contained in the ap-
pendix to part 60 of this chapter. Equiv-
alent methods and procedurcs may be
used if approved by the Administrator.

(i) For each sampling repetition, the
average concentration of particulate
matter shall be determined by using
method 5. Traversing during sampling
by method 5 shall be according to meth-
od 1. The minimum sampling time shall
be 2 hours and the minimum sampling
volume shall be 60 ft’ (1,70 m?"), cor-
rected to standard conditions on a dry
basis.

(ii) The volumetric flow rate of the
total efMluent shall be determined by us-
ing method 2 and traversing according to
method 1. Gas analysis shall be per-
formed using the integrated sample
technique of method 3, and moisture
content shall be determined by the con-
denser technique of method 4.

(iii) Al tests shall be conducted while
the source is operating at the maximum
production or combustion rate at which
such source will be operated. During the
tests, the source shall burn fuels or com-
binations of fuels, use raw materials, and
maintain process conditions representa-
tive of normal operation, and shall op-
erate under such other relevant condi-
tions as the Administrator shall specify.

(&) Replecement requiction for Regu-
lation 7-1-84¢) (Fessil fuel-fired steam
¢ erators in the Four Curners Inter-
stc-te Negion) . (1) This paragrawii i ap-
pilcalie to the fos.il fuel-firea steam
genesating eqaipment  Jdesignated as
Units I, 2, and 3 L the Navajo Powcr
Pinut in the Aarnzona pori.on of the Mour
Corners 1lnterstute Region (§ 81.12)1 of
this chapier;.

(2) Nc owner or operator ol the fossi)
fuel-fired steam generating equipment
to which tais paragraph is applicable
shall discharge or cause the discharge ot
sulfur oxides into the atmosphere In ex-
cess of the amount! prescribed by the fol-
lowing equations:

_AIXes _h7IX108
E= 7 or c—-—~—h

where: E==Allowable sulfur oxides emissions
(lb./10*B tu.).

e=Allowable sullur ox1aes emmissvng
(gm./10* gm.-cal.),

S =Sulfur content, in percent by
weight, of fuel being burned.

¥ =Heat content of fuel (B.t.u./ib),

h=Heat content of fuel (gm.-cal./
gm.).

(3) For the purposes of this para-
graph:

(1) E shall not exceed 0.90 1b. SO:/10*
B.t.u. (1.6 gm. SO./10* gm.-cal.).

(ii) If emissions are less than 0.16 1b.
S0O./10° B.t.u. (0.29 gm. SO./10* gm.-cal.),
the requirements of paragraph (¢) (2) of
this scction shall not apply.

(4) Compliance with this paragraph
shall be in accordance with the provi-
sions of § 52.134(a).

(5) The test methods and procedure:
used to determine compliance with this
paragraph shall be those prescribed in
§ 60.46 (¢), (d), and (e) of this chapter.



EPA TEST METHODS 1 THROUGH 8 PROCEDURES
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CHAPTER —ENVIRONMENTAR, = '
PROTECTION AGENCY
(AL 7848}

PART &0—STANDARDS CFf PERFORM-
ANCE FOR NEW STATIONARY SOURCES

Ravislon to Referance Maethods 1-8
AGENCY: Eovironmentak Protection
Agency.

ACTION: Final Rul

SUMMARY: This rule revises Reference
Methods 1 through 8, the detailed re-
quirementa used (o measure emissions
froen affected facilities to determine
whether they sre iR compliance with &
standsid of performance. The methods
wero originally promulgated Decembér
23, 1971, and since that time several ro-
vistons becams apparent which would
clarify, correct and improve the meth-
odd. These revisions make the methods
easier to use, and improve their accurncy
and rellabiiity.

VE DATE: seimmbexlo 1977.

ADDRW Copies of the comment
letters are available for publie inspection
and copying at the U.S. Environmental
Protection Agency, Publie Informatiom
Reference Unit (EPA Library), Room
2933, 401 M SBtrest, 8.W., Washington,
D.C. 20460. A summary of the comments®
and EPA’s responses may be obtained
upon written request from the EPA Pub~
lic Information Center (PM-215), 401
M Sa"eot. 8.W., Washington, D.C. 20400
(specify “‘Publis Comment Summary:

Revisions to Reference Methods 1-8 In
Appendix A of Standards of Performance
for New Stationary Sources™).

PFOR FURTHER INF'ORMATION CON-
TACT:

Don R. Goodwin, Emission Standards
and Engineering Division, Environ-
mental Protection Agency, Research
Triangis Park, North Carolina 27711,
telephone No. 818-541-5271.

SUPPLEMENTARY INFORMATION:
The amendments were proposed on June
8, 1976 (40 FR 23060) . A total of 58 com~
ment letters wers received during the
commené period—34 from industry, 18
from governmental agencies, and § from
other interested parties. They contained
numerous suggestions which were incoe=
porated in the final revisions.

Changes commets to all eight of the
reference methods are: (1) the clarifice~
tion of procedures and squipment spec-
ifications resulting from the comments,
(3* the addition of guidelines for sl-
ternative procedures and equipment to
make prior approval of the Administra~
tor unnecessary and (3) the addition of
an introduction to esch referencs meth-
od discussing the gensrsl use of the
method and delinesting the procedure
for using alternative methods and equip=~
mens.

Specific chepges (0 the methods are:

Merreo 1

1. The provision for the use of more
than two traverse diameters, when spes-

RULES AND REGULATIONS

ifled by the Administrator, has beesy.

deleted. If ons traverse diameter is in a
plane containing the greatest expected
concentration variation, the intended
purpose of the deleted paragraph wiil be
fulfilled.

2. Based on recent dats from Fluidyne
(Particulate Sampling Strategies for
Large Power Plants Including Nonunie
form Flow, EPA-600/3-78-170, June
1978) and Entropy Environmentalists

(Determination of the Optimum Number .

of Traverse Points: An Analysis of
Method 1 Criteria (draft), Contract No.
88-01-3172); the number of traverse
points for velocity measurements has
been reduced and the 2:1 length to width
ratic requirement for cross-sectional lay--
out of rectangular ducts has been re-
placed by a “balanced matrix” scheme.

3. Guidelines for sampling in stacks
contalning cyclonie flow and stacks
smaller than about 0.31 meter in diame
eter or 0.071 m* in cross-sectional ares
will be published at a later date.

4. Clarification has been made as to
when & check for cyclonic flow is neces-
sary.; the suggested procedure for
determmuon of unacceptable flow con-
ditions has been revised.

MrrHO® 2

1. The calibration of certain pitot tubes -

has been made optional. Appropriate con-
struction and application guidelines have
been included.
2. A detalled calibration procedure for
temperature gauges has been included.
3. A leak check procedure for pitot
lines has been included.

MeTEOS 3

1. The applicablility of the method has
been confined to fossil-fuel combustion
processes and to other processes where it
has been determined that components
other than G,, CO,, CO, and N, are not
present in concentrations sufficient to
affect the final results.

3. Based on recent research informa-

tion (Partitulate Sampling Strategies for-

Large Power Plants Including Nonuni-
form Flow, EPA-600/2-76-170, June
157@), the requirement for proportional
sampllns has been dropped and replaced
with the requirement for constant rate
sampling. Proportionsal and constant rate
sampling have been found to give essen-
tially the same resuit.

3. The “three consecutive” require-
ment has been replaced by ‘‘any three”
for the determination of molecular
weight, CC, and O, '

4. The equation for excess air has been
rgvized to account for the presence of CO.

$. A clearer distinction has been made
between molecular welght determination
and emission rate correction factor
determination.

8. Single poin$, integrated sampling.

has been included.
METHOB 4

1, The sampling time of I hour has
beenn changed to a total sampling time
which will spen the length of time the
pollutant emission rate 18 being detsg-
mined or such time 28 specified In an
applicabls subpart of the standards.

3. The requirement for proportional

sampling has been dropped and replaced
with the requirement for constant rate
samp

ling,
3. The leak check before the test run
has been made optional; the leak check
after the run remains mandatory.

MsxrHO® B

The following alternatives have

udod in the method:

use of metal probe liners, -

uu of other materials of cone
for fllter holders and probe

use of polyethylens wash bot-
ple storage containers,
use of desiccants other than
or- ca.lclum sulfate, when
approprisats.
o.'mouno!stopcockmauother
than silicone grease, when appropriate.

f. The drying of fllters and probe-filter
catches at elevated tempemturs. when
appropriate.

g. The combining of the filter and

washes into one container.

2. The leak check prior to & test run
has been made optional. The post-test
leak check remains mandatory. A meth-
od for correcting sample volume for ex-
cessive leakage rates has been included.

3. Detalled leak check and calibration
procedurea for the metering system have
been included.

MzrHOD. 8

1. Possible interfering agents of the
method have been delineated.

2. The options of: (a) using a Method
8 impinger system, or (W determining
SO, simulianeously with particulate
matter, have been Iincluded in the
method.

3. Based on recent research data, the
requirement for proportional sampling
has been dropped and replaced with the
requirement for constant rate sampling.

4. Tests have shown that isopropanat
obtained from commercial sources oc-
casionally has peroxide impurities that
will cause erroneously low 80O, measure-
ments. Therefore, a test for detecting
peroxides in isopropanoi has been In-
cluded in the method.

5. The leak check before the test run
has been made optional; the leak check
after the run remains mandatory.

6. A detalled calibration procedure for
the metering system has been lnc]uded
in the method.

. MzrHOD T

1. For variable wave length spectro-
. photometers, & scanning procedure for
determining the point of maximum ab-
sorbance has been incorporated as an
optioa.
MzTHOD 8

1. Known interfering compounds have
been listed to avoid misapplication of
the method.

2. The determination of flterable
particulate matter (including acid mM)
simultaneously with SO, and 80, has
been allowed where appucabh.

3. Since occassionally some commer-
clally available quantities of isopropanol
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have peroxide fmpuritiee that will cause
Qarvonecusly high sulfuric acld mist meas-
uranents, & text for peroxides I Ysopro-
panol has been included in the method.

4. The gravimetric technique for mots-
fture content (rather than volumetric)
has been specified because a mixture of
#sopropyl alochol and water will have a

volume less than the sum of the volumes -

of Its content.

6. A oloser correspondence has been
made between sgimilar parts of Methods
8 and 5.

BMiscELLANTOUS

Beveral commenters gquestioned the
meaning of the term ‘‘subject to the ap-
proval of the Administrator” in relation
to using alternate test methods and pro-
cedures. As defined in § 60.2 of subpart
A, the “Administrator” includes any au-
* thorized representative of the Adminis-
trator of the Environmental Protection
Agency. Authorized representatives are
¥PA officials in EPA Regional Offices-or
Btate, local, and regional governmental
officials who have been delegated the re-
sponsibility of enforcing regulations un-
der 40 CFR 60. These officials in consulta-
tion with other staff members fmmiliar
with technical aspects of source testing
will render decisions regarding accept-
able alternate test procedures.
In accordance with section 117 of the
Act, publication of these methods was
greceded by consultation with lpproprl-
ate advisory committees, tndependen
experts, and Federal departments, nnd
agencies.
(Becs. 111, 114 and 301(a) of the Clean Alr

- duot, #8C. 6(8) f Pub. L. Mo. 81-804, 84 Stat.
1683; soc. 4(s) of Pub, L. No. 01-804, 84 Btat.
1687; sec. 3 of Pud. L. No. §0-148, 81 Btat. 504
142 US.C. 1867c-8, 18570-0, 1857g(s) ).)

“~Norr—Yhe -Envirenmental Protection
Agency has determined that this document
does not contain & major propossl requiring
greparation of an Woonamic Impact Analysis
under Executive Orders 11821 and 119649 anad
OMB Circular A-107.

Dated: August 10, 1977,

Doucgras M. CosTLE,
;. Administrator.

Part 60 of Chapter I of Title 40 of the
Code of Pederal Regulations ts amended
by revising Methods lthrouxbaorap-
mdu A—Referenoce Methods

ows

Anzm A——nmn.xc: Mrmops

noe metbods dix axe yeferred to
‘S‘ .8 (Perlormnnce Tuu) md ﬁeo 11 (Cmpumu
With Standards and Maintensnoe eqn!mmmts) 0

CFR Part 60, BuhpnnA( Provisions). 8pecific
uses of th m referance mt.hods are described the
standards of rmance ootitalned tn the sabparts,

inning witb S8ubpart D. .

ithin esch standard of performance, & section ttled
“Test Methods and Procedures” s pvvided to (1)
Wenufy tbe test methods Heable the facility
subject 10 the respective standard and (2 jdentify any
specis) instructions or conditons to be followed when
applying 8 method to the rumuvo facility. Such in-
structions (for example, esial sampling ratea, val-
e, crumpnumm)mwbenoed ther In sddition
h.uunmb'umu procedures {n & relerencs method.

.ac?:n 2.1) (2) s wiack io

Inelusion of methods in mhwdlhmbmu
8 an endormsment o denial .ppne.bmty w
g— tht .ull.mu of parformanee.

J rpEubk o othwr oUTOMR.
bowever, spplicability should be confirmed by eareful
and sppropriate svaluation of the conditions prevalest
tlm sOUrces.

* The approsch followed in Onhnnhﬂmdl.bonf
Mmel snd m In L, w‘brmm'

ures ance. .
pecification approach would be ¢ tn all metbods
because this allows the grestest flaxibility 1o the user
In prnclice howevu this approsch is lm tical in most

becansa ance specificat eannot be
.ublished Most of the metbods described herein
therefore, Involve specific squipment ifications And
procedures, and only s few methods in this ajpendus rely
on performance criteria.

Minor ehsnres in thé reference methods should not
necrasarily affsct the walidity of the resuhlts and it s
reaognirvead that alternative snéd {vslent methods
exist Section &R provldu aNthority for the Adminustrs-
tor Lo iy or approve (1) sguivalent methods (2)
alternative met s, and ) minor changee in the
methodo) of the reference methods. 1t should be
elearly understood thet unless otherwise identified all
such methods and changes must have prior approvs) of
the Adminiatrator . An owner employing such methe@s or
devialions (»om the reference methods without dblaining
prior approval does 8o st the risk of subsequoent
proval nnd retesting with approved methods.

¥ithin the reference methods, eertain apecific equip

mem or procedures boi ascceplable
guntlllly ublmﬂ y idenufied
¢ methods. The itams ldonuned a8 acceptable op-

‘LN osed withoot approval but mnst be identi-
test report. The pomnﬂnlly spprovable op
m wre aited as “smubject to the l&mnl of
Administrator’”’ or as “‘or equivalent.”’ fuch polenunuy
mvuble technigunes or alternatives msy be nsed st Lhe
retion of the bwner without prior approval. However,
detalled descriptions for applying potentially
approvable techniques or tives are not provided
fn the reference methods. Also, the potentially spprov-
able options are not necessarily lceepuble inall apphics-
tions. Therefore, an owner electing to use such po-
tentially a) pronblo techniques or aliernatives is re-
nsible for: (1) n:onmu that

lrmed vﬂ.hwt Idd.lﬂonll instrucdon, and the
of detal) should be similar

reference methods); and (3) provi any rationale or
smpporting data necesmry to show validity of the
dummu in the particular spplication. l.{hm
mest thess reguirements oan nlnn in the Admlnh
tratar's disapproval of the altarpative.

MrTROD 1--BAMPLE AWD VELOCTY TRAVERSES FOBR
SranoMaRY BOUBCES

1. Principle and Applicsdlity

1.1 Principle. To ald in the representative massure-
ment of pollutent emissions and/or etal volumetric Sow
source, & Messuranent site where
the efMuent stream s flowing in & known direction Is
salected, and the crose-section of the stack is divided Into
& o budnm!-w A traverse point is thep located
writhin each ?m
12 Appl!mblmsm method h applicable to flow-
O-w stacks, and flues. The method
e used wiren: (1) Blow is cyulonic or swirling (see
mualler than aboat 0.30 meter
12 )tn&hme woo’llm'(ualn')tnm
thonal area, or (8) the
"mkw duct Gtameters
aTheter UPStTeRIn
The requirements of this method must be gonsldered
‘Before constroction of s pew facllity from which emissions
will be measured; fallare to do 30 may require subsequent

measurement aite is leas than two
downs

-altarstions 1o the slack or deviation from the standard

procedure. M involving variants are subject 1o ap-
m‘z dmmnn(or U.B. En ental

2. Precelure

2.1 Selection of Messurement B8ite. Bampli
welocity measurement
Jaast cight stack or duot
diarpetars Bpstrean
::{'b“)g -pml!i‘on ueomrwu:;xl.n me.um s

flarne. If Decessery, an allernative Joostion ms
De selected, of & position st least two stack wdnetJ
smeters downstreain and s half diameter upstream from
any Sow disturbance. For & reclangular eross ssotion,
:n:qmv.lenl dhmuo ou‘;(l‘?.-z.m,lhﬂl be tllenhud from uu
wing equation, the wpstream and
ean distances:

mmxmy' iy specific | wt%‘:&o: .ml-!:ln to w
na ng to any Use
d.tdwen:';epm.nmm ubnn,cn ﬂ-z.b.+_
Appendis B. W
- GYEDERAL ABGISTIR, YOL 42, NO. :io—awu_v, AVGUST 218, 1977
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MINIMUM NUMBER OF TRAVERSE POINTS

RULES. AND REGULATIONS

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

2-5 .

. *
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

Figure 1-1. Minimum number of traverse points for particdlate traverses.

where L=length and W=width,
3.3 the Number of Traverse Polnts.

o
2.2.1 Particulstse Traverses. When the eight- and

wid

two-diametac critarion can be met, the minimnm nombes

oo

oq
in.

ametars)

circular stacks

meter (13-4 ln.); (3)
uivaleat diameters

of traverss polnts shall be: (1) twelve, for circular oe
tangnlar stacks with diameters (or squivalent di-
than 0.61 mater (M In.); (3) eight, for

with dismeters between 0.30 and 0.6

nine, foz rec stacks
betweea 0.30 0.61 mater (12-9%

with

on the eight- end two-diametac criterfon cannot be

met, the minimum gumber of traverss points is detas-

miosd from Figure 1-t. Belore ref to the fgure,
distances {ro;

however, determins the

m the chosen meas

minimum numbers of traverse points, or a greater val
80 that for clreuiar stacks the number is s muluE‘lt oln:

and {oc rectangulss stacks, the nurmber Is cne
showu In Table t-L

TasLE t-1. Crosevectional layout for recienguler ssche

Mo

Numbar of ireserse pointat ‘ol

FIDSRAL REGISTER, VOL 43, NO. .nog_rguanv, AUGUST 18, 197%
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. DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
N ) »
0.5 | 1.0 .5 2.0 25
€0 T T 1 - l 5 T T

ﬁ : T;—w;DISTURBANCE ‘
[ A —

40 IMEASUREMENT |-

“tr 7—'— $ITE

S 8

MINIMUM NUMBER OF TRAVERSE POINTS’
=3

]

4

L

kDISTURBANCE

)

i

1

2 3

4

5 6 A
'DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE R)

9

10

Figure 12, Minimum number of traverse points for velocity {nonparticulate) traverses.

1222 Velocity (Noo-Particulate) Trysvarses. When
weiocity or volumetric fiow rate is to be detarmined (but
bot culate matier), the same ?ooadun a8 thst for

culsle traverpes thon 22.1) ¢ followed, except
t Pgm 1-2 may be tsed instead of Figure 1-1.
’ tonal Leyout and Location of Traverse
oints

231 Cireolar Btacks. Locats the traverse ta on
two perpendicular diameters adoording 1o Teble 1-2 and
the exampie shown in Figure 1-3. Any equation (for
axamples, pee Citations 2 and 8 ip the Bibliography) that

ves the same values 84 those In Table 1-2 may be eed

Beu of Table 1-2,

waiation etd‘wben , one diametar shall be in the
plar - of the bend. This requirament becomes bass crilical
&8 L distance from the disturbanoe incresses, thersfors
_ther diametar locatlons mybound,nbjccim.pwvvd
~of the Administrator.

1o sddition, for macks having diametars greater Lhan
@6]l m (M in.) DO raverse nts shall be Joostad within
2.5 centimetars (1.00 in ) of the stack wills, and for stack
dismeters equal 10 or bess than 0.81 ™ (M in.), Do raverse
points shall be located within 1.8 cm (0.50 o} of the stack
;tlh gdbomttbmm,m. the procedure

ven w,

23.1.1 Swmcks With Diametars Oreater Than 0.6] m

in.). When any of the raverse point as woated (o
2.3.1@al) withip 2.8 emn (1.001n.) of the staak walls,
Falooate Lbam sway from the stack walls to
&f 2.5 e (100 in.§, or (2) & distance equal to the Bostle
bosde diameter, whichever s hz:n“l".b-- relooa tod
treverse points {on each and of & ) eball be the
" traverse paints.
enever (Wwo BCONE Ve evarse poin
o form 8 single adjusied treverss potn
POIrd ad (WO separsie traverse poil
smpling (or velocity messirement) urs, and in
soocrding the data. -

U.TI‘;
|
i
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TRAVERSE DISTANCE
POINT . % of dimt!
1 4.
2 14
3 28
4 708
"3 86.3
¢ 9.8
a

Figure t-3 Example showing clrculer stack crom section divided inte

12nuqmﬁmlmmofm§oinnlndiuud(

Table 1-2 LOCATION OF TRAVERSE POINTS N CIRCULAR STACKS
{Percent of stack dismeter from inside wall to traverse point}

[ ——— %‘?————=-
Traverse . . A
poiat ‘ .
"w. . Nuamber of traverse points em & diameters N
diameter} 2 [ 4 [ 6 |8 [0 |12 w]liws]s]m[2z]a
1 [14.8] 67} €4} a.2f 2.6] 2.1 1.8f v.6] 1.4} T3] 1010
2 |es.4)2s.0[14.6[10.5] 8.2] 63| 5.7] 4.9} 4.4} 3.9] 3.5] 3.2
B 75.0| 29.6| 194 14.6] 11.8] 9.9] 8.5] 7.5} 6.7] 6.0} 5.5
4'! 93.3|70.4)32.3[22.6{12.7 [14.6]12.5 10.9}.9.7| 8.72]| 7.9
5 85.4167.7|34.2}25.0 }20.1 {16.9]| 14.6[12.9{11.6 |10.5
é 95.6 | 80.6 | 65.8| 35.6 [ 26.9 | 22.0] 18.8] 16.5 | 14.6 |13.2
b § ! * |89.5]77.4| 64.4 [36.6]28.3] 23.6] 20.4 | 18.0 | 101
8 96.8|85.4] 75.0163.437.5]| 29.6] 25.0]21.8 |19.4
’ 91.8]82.3 |73.1 {62.5) 38.2] 0.6 [ 26.2 | 22.0
10 97.4)88.2[79.9[n.7|61.8]38.8|3.5}27.2
n 93.3 |8s.4 |78.0]70.4 61.239.3 |32.3
12} 97.9190.1{83.1] 76,4 | 69.4 | 60.7 | 39.8
13 94,3 |87.5]81.2| 75.0]68.5 | 60.2
14 9.2 |9.5|95.4| 79.6}73.8 |67.7
18 ! 95.1189.1]83.5|78.2]72.a
16 . 98.4. 92.5] 87.1 | 82.0 [77.0
7 95.6} 90.3|85.4 [80.6
18 I ] 99.6]93.3)88.4 [83.9
.18 g 96.1|91.3 |as.8
200 98.7 | 94.0 |89.8
21 96.5 | 92.1
22 . 1 i 98.9 | 94.3
' 23 9.8
2 . 98.9. .
oA bR MRk NI SR AR e ek
arey o the iack wale th: (1) & distabbe o rinck .‘:‘:‘:‘:‘.M%ﬂ“ﬂ‘:ﬁ‘ﬁ__‘:
ki dlammter, ichprer s ey, U 18 the Dol i w moiad b ot o e
of Tavorie oot nls o omoined 15 Gatons A1 i 30 @  stationary tourem e dirertion ‘o mack v Boe B
Baaratisn. Divida the riack, crommssction (210 o oy epelenis Are” ey skl 1) aher mochs domioms a8 Srevane)
rectanguies e 8¢ traverge polotly uwm%n—im-

pitot tube to the mencmeter. Position the Type § pitos
mbnumhmvnpou:kln the
planes of the facs openings of the pitot tube are
uhr“wthnmk tional plane: when [
ole

<0 rotate
), until eamBreadi fnily detesmine
roeord the value o? :ho romtlon u;h (a)
degree. After the null technique has been agp!
at oach travrss point, cnlmhuthe:v of the sbeo-
lute values of a; ml;navuuuow’tot 0se poinks for
which no rotstion was req sod Inclade these in the
overall & . If the sverage‘value of o is greater than
w'dtae oVl d fow conditicn in tge stack M
and altarna nnud:od , 50 m npptvnl
nmphlndvﬂodtymvm

I

B e B8 o et Volome
ot Vel (]
Mdo‘m Coatent of Gam. W et AN‘“- CA.
Mannfactering - Co.
Bulletin WP-80. 1968
4. Standard Method for Samglha Btacks for Mcu%

3 H_A. etal wmm
CeEP L ORD ESRL llzmmmmmmmn lo m,‘&‘i‘
EPA—mﬂ/z—m—m 1978,

6. Entropy Envlmnmen?.l.ll.st&nzne. Determination of
the Optimum Number of Samp! Polints: An Analysis
of Method 1 Criteris. Environmental Protection .
Research Trisogls Park, N.C. EPA Cantrset No.

72, Task 7.

METOD 3—DERTEAMINATION OF Stacx Ois VELOOTY -
AND VoLumeTRIC FLOW BATR (TYPE 8 Prrot Tusa)

1. Principle end Applicedility
l 1 Principle. The ave gas velooity {n & stack is
P! rage y

ed from the gas density and trom messuremeat
o( th¢ average velocity head with a Type 3 (Stansscheibe
or reverse lﬁug; itot tube.

12 Appl . This methed fa applicadle he
measurement of l.ho average velooity of 8 §83 stream and
lor nAntU‘yinl dow.

& unlsnotu plicable at measurement sited
which 1 to meet the criteria of Method 1, Scuon L
Also, the method cannot be used for direst measurement
in cyclonie or swirling gas streams; Section 2.4 of Method
1 shows how to detarmine cydonlc or swirling flow cose
ditions. When unacceptable condlitions exist, altsrnative
goeodum sub]oet to the approval of the Ad.mmlmt.

Environmental Protection A(eney must be Ib
ployed to make accurste fow rate det gﬂ.
examples of such um-nsu" rocedures are: (l) tol
stralghtening vanes; (2 the total volumetrie
flow rata stoichiomat uﬂy, or (t) t0 move to anothef
measuramant site st which the fow ls acceptable.

L. Appermtus

Speoifications for the spparstus 'vens below. Any
ommp c::: that h.n:pbun d-mougnud (snbha »
psbh mesting

:Em othnAdmlnlsmw)tnbo
0 specifioations will be

L4

RO 0NN, VoS ¢l Bal 140C-TessY, Zvaet Ve b

D-12 °
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1.90-2.64 cm® N ]
.75 1.00n) -

| 7.62em (Jin)*®

*"‘——_—"l ..T/EMPERATURE SENSOR
Vg
% == ==

7

/ LEAK-FREE
“LONNECTIONS

TYPESPITOT TUBE

SAANOMETER

*SUGGESTED (INTERFERENCE FREE)
PITOT TUBE - THERMOCOUPLE SPACING

Figure 2-1. Type S pitot tube manometer assembly.

21 8 Pitot Tube. The Type Sabe

~ _m‘l\mmum”{mwnbwm

). 1t js recommended that the

in bowever
.anuo!!.htopemmm ble (see 38).
“Toe Type 8 pitot tube bave & kpown soafioient,

doiarmined as outlined ip Bection ¢ Ap sdentifoation

S TR S e
o o«

o tha o v

~
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[ ]
TRANSVERSE
TUBE AXIS — -
' A 8
FACE
—— OPENING —>
PLANES
(a)
‘ - A-SIDE PLANE,
NOTE:
towcituonae ™ O A { 1.05 0y < P<1.50 0
s 3
TUBE AXIS- L 8 Pa=Pg
y
e B-SIDE PLANE

(b)

Figure 2-2. Properly constructed Type S pitot tube, shown

in: (a) end view; face opening planes perpendicular to trans.

verse axis; (b) top view; face opening planes parallel to lon-
gitudinal axis; {c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Baser

line coefficient vahures of 0.84 may be assigned to pitot tubes  —
coristructed this way. )

!

FEDIRAL NN, VOL W8, MR 100--TUEDAY, AUOUN M IV
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B
=

| .

TRANSVERSE' ' ‘l A

TUBEAXIS = ° s : l T
F

LONGITUDINAL
TUBE AXIST

B ]
tn
' ..“_..
= cns— PR g -
* - A-—-:_:“———. %? -I‘.
)

Figure 2-3. Types of face-opening misalignment that can result from field .
-proper construction of Type S pitot tubes. These will not bffact‘t?w b;sellgv:lru‘;n

of Cpl(s) so longes a1 and a2 < 10°, 1 and f2< 5%, 2 < '
0.08 cm (1/32In.) {citation 11 In Se'cti})n 6).ﬁ2 3<032em {1/Bin) andw <
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tabo may b2 ased incwad of s Type l,
mests the spscifications of Sections 2.
thet the statle end lm
{tot tubes ase
O s e o perbem &
tandasd pitot tu
:':lvsmm" .oqmg e 4 most be furnished that the
openings of the pitot tube have not g:ua‘d up during ths
traverse od; thig cen be done LY taking & veloegg
st the finsl traverse %, clesning
the Impaot and 8! holes of the stan: pitot tubs by
back: * with alr, and ‘hb.e‘fon
another 4p resding. 1f the Ap resdings msds
aﬂ parge srethe shme ( £ perosat), the teverze
{3 soosptabls. Otherwise, rejeot the run. Note that if Ap
at the fGnsl travarse poiat i3 unsuitably low, anothar
ot 1 20 UL it o eompanive op
are,
md.tng: be taken, 88 above, for the last twbu.‘
st which guitably high 4p reedings are observed.
2.2 Differeatiel Pressure . An Inclined manom~
eter ar souivalent devies (s . Most sampling
o equippod with a 10-la. (wolef column) incllneds
verticel manometes, bvieg 0.8-1n. HsO divisions oo the
0 to 1-in. inalined scals, and Q1. HsO divisioas on the
scals. Ttﬁu“ )oLl' manometer g
othez gauge of eouivalent secl uu.mc!og
'-Hhs mmmu?d Ap values as bww w5 1.3 mm SOA

ta.)
sO. However, o
ssnsitivity staall bs used approval of the
Administrator), U an
troe: (1) the arft ammuun
tTaverse pelnts 58 the steck 18 -
¢ () for tmverses of 13 of mare

9

g

Eﬁéa?m?ﬁmo eacriine commercisily HY
ta
lnstrumeniation o the t of lvw-ca0g®

valooldad, ’
-A8 40 alternstive W critarts (1) mmgg sbove, the
fallearing calonletica may be parformed terrnine the
necemity of uslag 8 maore sasitive differential pressure

gange: .
»
QV/APH-R .
T= =
2 Vo
Agg= wadieg ot & Gwwead

K=9.13 mm HyO0 when trio uxfte e vl and
a&mﬂ.ﬂml&mamm‘.- 3

Ii T is greator tham 1.08, the velocity head duia are
ProaEREe

nnacceptable and s mare sansitive differential
must be

used,
ors.—[1 differential other tham
ters ore used (o.€., B »
their calibretion muogs be checked afler oaah test seziss.
To chack the call of o diffecential

mstely reprasenting the range
U,uaeu:h’ poiot, Lhon:lwolgunrudbyaedm-m-.
tisd E’m’ augs and gaug manoms
wl § percent, the differentlal preasure gmemh
considered ts bo In proper calibration. e
test saries shall aither be volded, or procedures
e esuta(the Adminstraiat
gsubject to the epproval of

ulﬂ Temperutare G A thermocoupls, Uquid-
fillsd boib thermometer, bimetallio thermometer, Meks
cury-ingless thermmometse, o other gauge mgobh of
measzring tam peratcre o within 1.5 t of the mini-
mure sbeolute stack tempersture s be used. The
temparature gaoge shall be sttached to the pltot tube
such thas the sensoe tip does not touch any metal; the
geuge shall be in an interfere arTAgeReat
respeot to the pitot tube face opemimgs (sse Figurs 31
mm- Flgure 2-7 in Section 4). Altarnats positions

RULFS AND REGULATIONS
mﬁm need nok be attached te the pitot tubes
altarnatve ' lo
by =y subjeet to the spprowal of the
2.4 Prossure Probe and Gsuga. A plesometar wibe and
mmocnw-ﬂuod U-tube manometer atbhd
m glgsw:k ressure to within 2.8 mm (0.1 la.) Hg
is used. The statio tap of a standard ¢t pitot tube or

one leg of s Type X pitot tube with ouoﬂlu
parullel (o the gas flow may be

otar nrb m pressure to
withia 4.3 mm (0.1 n. ) may be nsed. In many
osend, the barome reading ma: obtained from @
nearby national weather secvice Ldon in wiich case

the station valus (whieh ls the sbsolute barometrie
pressure) shall be reqoested and an adjustmeny for
elevation differences between the westher, station and
the sampling point shall be applied et s rats of minue
2.5 mm (0.1 in.) Hg 30-meter (100 foot) elevation
increase, o vice-varss [or elevation decrease.

2.8 Gas Density Detarmination Equipment. Method
3 equipment, If needed (see Section 3.6), to determine
the stack gas dry moleowler and
Mathod 4 or Method 5 equipment
detarmination; other methods may be
spprovul of the Administrator.

32 'Cu'l:‘mdbo::lwt Tuhz Wbao;:tu:‘h of the
Typs tu neceaary (see o 4), s standard

ugn ts ueed a9 3 roforomsa. The standerd

Eihh e G b ne
oa 6) ms . ul
chou will have baseline coeflicients

371 in
L s et it
upc'm D, the external diametsr of the tube) b::..g.

junction.
28 Differential Pressure (Cauge

for Type § Ptioh
Tube Calibration. An inclined eter or equivalent
is used. If the :m’h-veloclty calibration technlqne 4
employed (ses Sectlon 4.1.2.3), the calibretion dl%m
tal pra-muguu shall be readable to the nearest 0.1
mm H;O (0.008 in, HsQ), For multivelocity calib
the gauge shall be readabls to the nearest 0.13 mm H.
(0.008 iy HyO) for Ap values between 1.3 and 25 mm
(0.08 and 1.0 In. Hs0), and t» the L3 mm
gum&o)hummmzmn.om ;
0). A spectal, more sensitive -? will be
in. HyO

(XL

C

ube shall, ly, have a knowaeoefilclent, ob
either (1) y from the National Buresa of Stande to read Ap valkies below L3
arda, Boute 270, Quinge Orehard Road, Galthersburg, _Clu“mpwo.
w D
CURVED OR \
e MITERED JUNCTION - '
- STATIC vJ
*  HoLes 4
: . (~0.1p)
HEMISPHERICAL - _
e
Figure 2-4.- Standard pitot tube design specifications.
- -
3 Presskws :mmotc fevel and zero may drift due to vibrations
emperltun ol
3.1 Set up the spparatus e l,::t:l‘hellnb:w 3‘:‘ traverse. Record all necessary data a8

manometer and pitot tubs may be used to dampen 4
fluctustions. It 18 recommended, but not required, v.bA{
s pretest leak-check be conducted, as follows: (1) blow
through the pitot Lmpact opening until at least 7.6
(3in.) BeO valogity pressure registecs oa the ot

and

make periodic checks during t&
example dats sheet (Figure 3-8

M the

3.3 Measure the velocity head and tempersture at

traverse ﬂmuu:ﬁecmod by Metbog 1. Ensure t.ta: ::

proper difterential pressure gauge mm; used

range of A& values sncountersd (see Setion 2.2). Ul.t.:
h to a move seasitive , do 80,

shall
for st teast 15 secondy; (2) do the same for

thea, close off the [mpest The
remuin soble
t using sncton to obiala

be ussd if the pitot tube-tem pommitire

calibrated sccording to the proceduss o’ Section 4. Fep-
vided thet s differencs of not more than 1 parceat in ths
evernge velocity mescuzement 1o Introduced, the Lok

he .
pm.*mmmmdmml

may bs amad. , . -
32 Level and oo the manoenetar. Becauiss the pa

14
remeasure the Ap and temperature at each tre-
vearss polat, Coaduct & post-test luk-chaeg‘(’mndnary).
aa described (n Section 3.1 abovs, to validate the traserse

ran.
34 Measure the statie pressure la the stask. Oos .

teading 1s nsually adequate.
u%nmne the stmospheric pressare.



WVLES AND REGULATIONS

PLANT a 1

BATE RUN NOD.

STACK DIAMETER OR DIMENSIONS, mlin.) !
SAROMETRIC PRESSURE, mm Hy (in. Hy) y

CROSS SECTIONAL AREA, m2(f12) —

QPERATORS ____ _ -

PITOT TUBE 1.D. ND. ]

AVG. COEFFICIENT,Cp=

! QGCHEMATIC OF STACK
LAST DATE CALIBRATED CROSS SECTION

Stack T t
Traverse Vel Hd_ & 1 Tempenitare ’

© Pt No. wm {in) H20 1., *C (°F) T5. °X °R) mrnﬂu'(u.m) Yo ;
l 1 { 1 .

Hverogs | \1

Ve

Figure 2-5. Velocity traverse data.
<
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RULES AND-REGULATIONS
a) the external diameter (dimension D, Figure
GREEE D e e S

.48 and 0.08 amn (MHq and and if P, and Py are
oqual and betwoeen 1.06 and .,uc::ur%mtvopo-lbb

be rated

value may or may not be valid bor s asssrubly,

beseline and assembly coeflicient will be mlm

only when the relative placement of the components Iy

the assembly Is such thst serod Lnterfarency

el:‘a;fumo minsted. Pl(u'm‘z-ot n‘;:u%um.?

erence-{res component asrangemen

gltot tubes having external eters bl{r-

.48 and 0.98 cma (3{s and 3 (n.) 8 pitot tube assem.

blies that fall to mest

Ehl. prooﬁ, g un:-:gn
lure ou L:

below, and calibral

using eomeonmn 8
2 ﬂt?hmmnboesubnuduwmnedmuzm pitot-probe
4. Culideation : .3 below. Nore.—Do not um any Typs 8 pitot tube sssembly
| .1, t
41 Tyoe 8 Piad Tube Bakrs e (el e care-’ ud eiciy travacs, e miated Tve 8 i 1SUS1S 1 gl of ook e s ber o ey i o
fully ezamine the T{ms pitot tubs In top, side, ad pot always used: In many instances, the pitot tube 8 nosle (ses Figure 3-6b).
and views te verify moheoo&anlnadmm used o combinatlon with other source-sampling compon= ¢ 13" Calibration Betup. If the M :
mdﬁﬂmh?ﬂmm unrttodlnmn eate (thermocouple, sampling h,m?uw‘d be caitbra 2 m hm pitot tade is
3-2 or 3-3. The pitot tube shall not be Gaed Uf it iails 19 an “amembly,” The presence of other sampling compe. ted, one leg ‘ol be D"lﬂﬂlﬂs
most these alignment specifications. nents can scmetimes affect the baseline value of the marked A, and the other, 3. Calibration shall be dons ks
WWWMM 8 pltot tube coeMotent (Citation § in Section 6); there o fow syvtem baving ihe bilowing emsotial design
ad record dimansiene of the pitop tabe: an assigned (of otherwiss known) baseiine coeflicient festuress
. . 3 L ]
‘.
O¢ TYRESMTOT TUSE
I 22190em (3/4in) FOROg=1.3em (1/2ial
.""‘i - " .
. . ; Dg .
. - » -
SAMPLING NOZZLE™ - ) .
’ ~

- A BOTTOM VIEW; SHOWINS MINIMUM PITOT-NOZZLE SEPARATION: .

$

SAMPLING
PROBS \ -

S~ L

SAMPLING ~_~
NOZZLE

® cm—b

-
-

"= ) STATIC PRESSURE
OPENING PLANE

-

IMPACT PRESSURS .

OPENING PLANR
N / S

Dt
TVPES e ——
_ MTOT TUBE
' - NOZZLE ENTAY
_ PLANE E

SIDE VIEW; TO PREVENT PITOT TUBR

FROM IKTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
MOZZLE, THE IMPACT PRESSURE

- GPEMING PLANE OF THE MITOT TUBS
SHALL BE EVEN WITH OR ABOVE THE

MOZZLE ENTRY PLANE.

aerodynamic interference; buttonhook - ty

- S e

’
F'iguri 2.8, Proper pitot tube - sampling nozzle configuration to prevens:

noiz

le; centers of nozzle

and pitot opening aligned; D¢ between 0.48 and 0.95 cm (3/16 and

3/8in.).

FEDSGAL MOGISTER, VOL 42, NQ. léﬂ-TTHUISDA‘. AQOU_SI: |M..‘!?ﬂ

D-187"



WOLES 481D REGULATIONS

wWortelem
Qia) ”
. THERMOCOUPLE / GREAMOCODPLE
7 — z>uoa-um-J 7
O TYPESPITOT TUBE Q TYPES MTHT TOBE
o :

Figure 2-7.

L TR T RY

Proper thermocouple placement to rment inmterference;
- D¢ between 0.48 and 0.95 cm {3/16 and 3/8 in.).

D, ,

YYPESPITOT TUBE

. I
' SAMPLE PROBE
W

~— Y>71.52em (31n)

- s b e

——».

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ between0.48 and 0.95 cm (3/16 and 3/8 in.).

4111 The flowing gae stream must be confined o 8
mdmummmmu:m

For elrcular cross-eections, the mdnimum
doct shall be 30.5 am Y12 in.); for

m:ﬁ.-ﬁm (aborter gide) shall be at
A cm .
4123 The cress-ssctions] srea of the calibestion duet

Te snsure the presance of stable, fnl]y devo\opod fiow
‘Patiarns st the calibrstion site, or ‘“test section,’” the
ite must be Jocated st least eight diametars downstream
and two diameters upstUream from the nearest disturb-

NoTR.~Tbe eight- and two-dismeter oriteris srs Dot
Sbeoluis; other tesi mection bocations msy be used (smub-
Ew approval of the Administrator), provided that the

lll.bel-tduhmbhmddmonm\bl parallel

Ll.Ll mmmmuumnmugm
Sanerats s Lest-eaction velooity around 915 m/min (3,000

~

This veloci{y muost be constant with time to
toe ready flow 4 oalibration. Note that
ﬁ:ﬂ {tot tube coefficients obtained by xingle-veloetty
on at 015 m/min (3,000 fi/min) will generaly be
walid to within =3 percent for the messurement of
welocities sbove 305 m/min (1,000 fYmin) and to within
=*b5 o0 8 nt for the measurement of velocities be-
twoen and 305 m/min (680 and 1,000 f/min). If &
more oorralation betwesn C, and velocity is
Gasired, the fiow system ghall have the capacity to
gonersts at least four msﬂm:] time-{n yarian
wealocities ooV the v ty
ulu(m t‘roqﬁ.\].nx velocily .lgga'nh this
Y over range
Citations ¢ &nd 14 in Sacuon 8 Jor detalls).

€124 T'o aniTy ports, one -ch for the su.nd.u'd
and Type B tubea, dhall be eut tn the test weotion
e standscd pitol entry -h;uumu-duxbuy
dewnsirearn of the Type :hst the standsrd
and T 8 impect opel:dn%l '115 e the same oress-
sectio plane during oal/brstion. tacilitate ﬂ.t{)
ment of the pitot Rubes during call bmuou itis ld
that the test section be constructed of piuu or same
other trans nt matarial.

4.1.3 Calibretion Procedurs. Nots that this
hs;wuﬂonemdwnmbonnd'i out first
relscring to :E:m eonsiderations pressnisd in Beo-
ton 4.1.5. Note thet this proosdure lpphes on.l w

dnn&valocldy calibration. To obtain calibral
h‘;lﬁaAm deauz\heTyponlwt:nbt pruoud
as follows:

4.18) Meke sive hat the manometer o
filled and that the ol) is free frow contamination an ho{
the propers demdt{( Laspect l.nd Jeak chack all pitot tines;
Topalr or replace

€133 Level and serc the manometer. Turn on the
fan and allow the 80w to stahilise 8eal the Type B eatry

€133 Xasre that the manometarts Jevel &nd seroed.
Positiap the standard pitot tobe at the calibration paint
(determined as ontlined ip Bction 4.1.5.1), and align the
tnbe-tblbu hpm.nhddjnctlyln\o!.beﬂo' Par-
d:ou}gbehleulnul;m.m

mg.es Make sure that the entry port

v sk oy

AP AD its value in & dats table
almilar to the ons shown in Figurs 346, Ramove the
standard pitot tube from the duct and disconnect it trom
the manometer. Seal the standard entry port.

nw md piteb

s the stxndard pitot tobe and 8

e tHow. Make sure wﬁb-wmmdm(m
mbeuopmferl sealed.

and enter ita value in the dats table
Ramove the Bpmmbobnmthodmtmddw

eounect it from .
4137 Bepmtmmc 1.3.3 through ¢.1.2.8 ebove anti}
BﬁA 'R'lothmu::
J peat sleps ¢ L1417 above e
mnndmtmemspnmm
4.1.3.¢ Periorm calculstions, as desoribed i Bection

Section .13 sbovs, eslctiate
Ppitot tobe coafliclent as foliows.

SEERAL SECNR, YOL M1, W0. S60-AWSRSILY, SUOUY 18, 9T
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41768 RULES AND REGULATIONS
PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY? .
“A” SIDE CALIBRATION : )
' A Ap
em :0?0 em H(;’O DEVIATION ™
RUN NO. (. H20) (is. H20) Cots) | Cpts) - ColAY
"
2
-
Ty (SIDE A)
+ 8" $IDE CALIBRATIGN
A Ap
: m'rf:o : cm r(i':o UEVMTI on
AUNNO. {la, H20) {im. H20) Cals) c,(,) C,(l’
1 X
2
3
Ty (SIDE D)
3
S |ep-Tpth0n m} .
AVERAGE DEVIATION = o (A OR B) =L ~— MUST BE <0.01

3

| & (510E A)-Ey (S1DE 8) |-a-MusT 28 <091

Figure 2.9, Pitot tube calibration data.

AP
Ape
Equation 2-2

"c..".,-msmmumm-n
G«m-wmmm_wu the
ocefBclant is unnewn snd the tube is desigaod

Cois = Coiotd

{lmuumzuu
measured by the standerd pitot
c:mHyO(an.Oib'
A'.-Vdodtyha by the Type B pitet
4149 Cdgnhui)ubt),mn-A““
fickent, and B), the mean B-dde couDolemly
calcnlets the um)'botva-m—mum

27.50lthhm
AM-Vn}odtyh

41.43 Calculats the deviation of cach of the threy 4.
side valnes of Gy (,) trom Cp (aide A), and the devistion of
oasla B-¢ids vaine of C;(s) trom Cp (side B). Use the i
lowing equation:

Deviatlon—C.(.—U.(A or B)

Equation 2-3

tl’:u'gochmlmldd.dtbﬂm e e
e tubs. Use

] - .
2: [Cota—Cy( A o2 B)}
3 —
Equation 2-4

4.1.4.5 Use the Type 8 pitot tube only if the values of
¢ (side A) and ¢ (side B) are lem than or squal (o 0.1
and if the sheclute valuse of the differencs between O,
(A) and C; (B) 18 0.01 or lean.

415 Bpecial considerntions;

41.5.1 Belection of calibration point.

4.1.5.1.1 When an isolsted T 8 pitot tube Is

bratad, salest e calibration poln{p.ox g‘nr the eant:t
the duoct, and follow the procedures outlined in Sections
4.1.3 and ¢.1.4 sbove. The T 8 pitot cosficients s
obtained, Le., Cp (side A) and (ddo B) wﬂ.l be valld,
30 long %8 eiiher: (1) the iola be is used; or
(2) the pitot tube is used with omar oomponentl (nouh,
thermoseoupls, sample prvbo) in an unn:emnnt that is
fres from sarodynamis interference effects (see Figures
2-6 through 2-8).

415,13 For Type SDE bo—thmoeouanh
binations (without sample probe), select » bration
point st or near the oenter of the duct, and follow the

outiined in Sections 4.1.3 and 4.1.4 above
heooeﬂ!nlenunoobmnsd"mbo nlld aolonluun
pitot tube- used by itaed
orwit.hothereo’rnanutn an murferme-tru ATADE

e (side A or B) =

4.1.5.1.3 For amemblies with sample probes, the
calibration point shonld be located at or near the center
of the duct; however, insertion of & probe sheath into a
small duct may cause significant croee-sectional ares
blockage and yldd Incorrect coefficient values (Cihuonl
in Bection 8). Therefors, to minimize the blockage off
the calibration point may be & few inches off-center
neceesary. The actual biockage effect will be n
when the theoretical blockage, as determined b:
P rojected-area model of the probe sheath, is 2 percen C
ess of the duct cross-sectional ares for assemblies withoat
external sheaths (Figure 2-108), and 3 percent or less for
asmemblies with axternal sheaths (Figure 2-10b).

the tu md nozsle, and therefore Is a {unction of nonh
size. ese (nstances, separsts calibra
wm: each of uu only used nossle lil-
n place. Nots that the aln;lo—veloclty calibration teche
nigoe Aeee table for this even th the
lar( (>omemot}(ln are not
lao pling st velooities around 9
m/mln ooo ), whlch is the calibration velocity;
noudnm ¢ it Is not to draw an isokin
sample during callbration (ses Ci uon 19in Secﬁon 0.
4.1.8.3 Fora assembl oonstmeladsnchm
Ry pitot tube is alwa gy used in the same orientation, onl ‘
one aide of the pitot tube need be calibrated (the ui
which will face the flow). The pitot tube must still mess

{he alignmnent specifications of Figure 2-2 or 2-3, howaves,
snd must have an average deviation (¢) value of 0.01 &¢
1oas (see Section 4.1.4.4).

FDIRAL REGIOVER, VL. 40, NG, 160—THVRIOAY, AUGUST 10, 19990
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- ESTIMATED 1xW
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‘:gcx:ce DUCT AREA
%) '

EXTERNAL
SHEATH

41767

x 300

’

Figure 2-10. Projected-area models for typical pitot tube assemblies.

1 L
41611 When 8 pitot tabe (olated tube or
amembly ) is used lnmthe ocoeffickent
Yalue (whether asxigned or obtain y calibration ) ghall
parform velocity calculations For calibrated
mﬂ pitot tubes, the A side coefficient ahall be used
the A gide of the tube faces the flow, and the B side
eoefficient shall be used when the B side faces the fiow,
ahernstively the arithmetic average of the A and B gide
Mctl;n:’nluu may be nsed, Lrrespective of which side
o flow.
41612 When & probe sasernbly is used to eample s
amall duct (12 to 3 in. {n dismeter), the probe sbesth
wmetimes blocks a significant part of the duct orose-
section, csusing s reduction in the effective walus of
Ty Consult Citation 9 In Bection 6 for detalls Con-
wentional d;motﬂmpllm probe assemblis are Dot

inside diameters
smaller than 12 inchee (Otation 16 tn on 6).

41632 Recalibration.

41621 Isolated Pitot Tubes. After sach fiald use, the
pitot tube ahall be carefully reexamined {n top, side, snd
@d views ulheplwtbmopmjn(smltﬁl
within the specifications tustrsted in P e 2-2 or 2-3,
K can be assumed thst the bassline oDt of the pitot
tube bas not changed 1f, bowever, the tube has
damaged 10 the extant that it no longer mests the specif-
estions o{ohgum 3-2 or 3-3, the damage lb:i.l.dtber be
Npaired 0 restore proper t of the openings
& the tube ghall be discard

41822 Pitt Tube Amemblies. After sach field nse,
@heck the face opening alignment of the pitot tube, as
= Baction €.1.6.2.1, also, ramessure the tn mponent
pacings of the amsembly. If the intercomponent rmclnﬂ

" Mave pot ehanged and the fsce opening al ant
Mm;‘b)ed.l‘t oan be sssumed that the mﬂc:}m of u::
rm y not ed. 1f the tace opening slignmsn

no longer within the specifications of Figures 3-2 &
3 efther
(alibrating

the damage of replace the pitot tube

¢ Daw smembly, If Docessary). 1f the inter-

omponent specings have changed, restors the ariginal

of recalibrate the assembly.

41 Btndard Fmt tabe (If spplioable). If & sandard

et oo 1o oo arir s o bscion 27 40
onructsd to the arl 0 2.

thal) be od & baseline eosMcient value of 0.0 1f

the Pitot thbe is need as part of ap assembly,

£he tohe shall be In un intarisrense-fres srTangument
{ubject to ths approval of the Administrator).

43 Temperstizre Gauges. Liter aach feld wos, eall-
brsts dial thermameters, liqnid-Olled bulb thermom-
otarz, th tentometer systacm, aed otber
gauges at a tempersture within 10 peroent of the & °
sbeolute stack tempersture. For tem tures up
406° C (761° P), us an ABTM mercury-in-glass reference
tharmometer, or equivalent, as a referencs; alternstively,
elther s reference thermoecuple and potentiometer
i:l.lbnwd tyv NBB) or thermometric ixed pointa, e.g.,

batd and bolling water (eorrected lor barcmstrio
e) may be nsed. For temperatures above 405* C
781° F), use an N BS-calibrated refarence thermoocouple-
E:uuucrmew syttem or an alernste relarence, sub
the approval of the Administrator.

If during calfbration, the sbeolute tam parstures mess-
ured with tbe fauge being calibreted and the reference

Uge agTes hin 1.3 percant, the temparsiure data

in tbe flald shall be considered valld Otherwise
the poliutant emismion tast shall eitber be considersd
invalid or rdjustments (f appropriate) of the test results
shall be ma<ie, mabject o the approval of the Administe-

tor.
4.4 Barovmeter. Cealibrate the baromater uned sgainst
& Ierciry barometar.
§. Oulcwlstions
‘mw&dmhdom. retaining st least oo artrs
figure beyond that of the acquired data. Round
off figures after final calonistion.
8.3 Nomenciature
A = Oroge-sectional sres of gtack, m! (Ft1).
B o= Water vapor in the gas stream (from Msthod § or
Baelerence Method 4}, proportion by wolumse.
Cy = Pitot tube coafficient, dimensioniess.
XK, = Pltot tube consant,

m [ (g/g-mole) (mm Hg)
“'97000 (*K)(mm H,0)
o ths muatrio system snd
ft [ (IbAb-mole) (tn. Hg)
8540 *R) (. Hy0)

or O
H%ldh&ﬁhhﬂlu

l'loﬂ.ltm O] u-mgbo(‘)b/lb-mo - -
. M, = Molecular t of staok basis .

oM, =Ba)+180 Ba Equation 34

P;.,-Brl.r:mg‘u)t Pressure &l Weasuremen: site, mim
P,=Biack static presecre, mm Hg On Hy)
P.=Absolute stack gas pressurs, mm Hg (in. Hyg).

=Pyt P, Equaton 34

P.“‘;Btnndmi sbeolute presurs, W0 mm Hg (20.02

).
*K ("R).

£,= Absalute
=3T3 for metrio Bquation 3-7
-4, for English Equation 3-$
Twd = Btandard tem| , WX (32° R)

sbeolots tem perwfitre
S.= A verage nack gas velocity, mjsec (ft/pec).
‘Ap=Vakcity basd o!mlg‘, mm HeO (in. HyO).
= Conversion tactor, sec/hr.
o-lc\)hcahr Waight of walwr, gig-mole (b-ib-
&3 Average stask gas welocity.

| A K'C‘(v Ap).v. P:.y")
Equation 2-9

83 Avengs saok g &y volumetrio oW retay
Qu=2,000(1-B,,)s,4 (‘T%.,) (FE)

Equation 3-10
& Bitiiogreph y
1 Mark, L 8. Mecharion! Handbook. New
York, McQraw-Hil Boox Co.. 1961
t Pary, ] H Cbamioal Haodbook. New
York. MoOraw-Eil Boax Ca., 1960,

| YEDERAL REOTITER, WOL “£2, WO, NO-—AMURIDAY, APOUST 18, 97
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Todd. end W. 8. Smith,
(n Stack Sam Mennm\nun
Protection A ency,
Park, N.C. (Prmnudu the nnuu Muuﬂ:‘
the Alr Polintion Control Assoviation,
Jum 14-19, 1970.)
MMM«!NMB zaﬂuehkx?nﬂ.lcnhu
Mut- In: 1973 Book of ABTM Btandards, Part 28,
iadelphis, Pe. 1971, ABTM Designation D-278-70.
5. VMJ ) & Elcmenu.ry Fluid Mechanics. New
Yark. John Wiley end Sons, Ine. 1047.
6 Fluid Meters—Thelr Theory and Applicstion.
Ammﬁodnuy of Mechanical Engineers, New York,

N.Y.1
:ABHMBM of Pundsmentals. |

ual Book of ASTM Standards, Part 28 Ju »

D Vollare, R. F. Guidelines for Type 8 Pitot Tube
alibvation. U.8. Environmental Protection Agenoy,
Reanmh 'l‘ianch Pnrt. N.C. (Presented at st Anmaal
u um. valustion Bociely, Dsyton, Ohlo,

10. Vailaro, B. A 8 Pltos Tubo Calibretion’
Btudy. U.8. !nvtmmm. P ‘ Emb-
sion M Branch, Resecsch

N.C. July 167,

11, Vol RP msﬂmdlmp.t ninc
Mimalignment on the Value of the Type 8 Pitot Tube
Coefficlent. U.8. Environmentai Protectiom Agenoy,
Emission Branch, Research Tﬂnn&

Measurement
Pask, N.C. Octol b«lm

bea Propared nivarsity of Wiadsor fer the
Mln.l.nz,: lm Canada. Feb= -

MzrEOD o—Ou Awvarvyss row Cainsow Diwoxmms,.
OxYoEN, EXCROS ADS, AND DRy MOLECULAR WEMINS

1. Principle and Applicsbdy

1.1 Principle. A gas sample Is extracted &mnmi.
by one of the following methods: (1) single-point, grald
samplingy (2) sln‘lo-poun integrated sampling; or (l)

mults-poing, | £lln¢. The gsa sample I8

oxide (CO1), percen olx
ecossary, percent carbon monoxd
(CO). If & dry molecular welght determination ls to be
mndc,elt ermOr:uoanyﬂulmdywmyboun‘
for the analysis; for eicess alr or emisgion rate correction
factor detarmination, an Orsat analyzer must be used.

1.2 Applcability. This method u applicsble (or de~
tarmining COy nnd O3 concentrations, excess air, and

dry molecular w toltnmpletromuguluumo(.
fosal!-fusl com on process. The method may slso be
licable toother whero it has been detarmined’

that compounds other than COs, Oy, CO, and nlt.ml-
(N1) are not present in concentrations’ sufficient
aflect the resaits.

Other methods, as well as modifications to the m
dure described herein, are alao spplicable for some or lll
of the above determinations. Examplas of specific methe
ods and modifications include: (1) 8 multi-polat sam) &
u method using an Orset ter to anslyze in

Ecublhhms Baseline Coafi- apaly
cg‘é \",o‘lkl;r.p hl}. pm COW'E,; gcpm,g u.ﬂ(!nb samples obtained st each polnt; (2) & method-
Tubes. U.8. Envtmnmonm Proteemn A Emb or Oy and stolchiometrie ealcuhdom deter
sion Measurement Branch, Ressarch .Sm,L mlne dry molacnhr weight and excees iz, (3) assigning &
N.C. November velue of 30. 0 for dry molecular weight, in leu of actuad
18, Vol R. F. An Evuluation of 8ingle-Velocity for pr burning natural gas, coal, o

Calibration Techniques a8 5 Maans of Detarmin! Tyw
8 Pitot Tubs Coefficients. U.8. Environmental
tion Agncy, Emission Messurement Branch,

NC  August 1978
onmh o Use of Type B Pitot Tubes for

15. Smith, Marvin L. Velocity Calibration of EPA
Type Source Sampling Probe. United Techno
gorpol;man, Prwt and Whitosy Alrcraft Di

\aﬂ.lan'di Conn. 1978,
16. Vollaro, R. P. qu:mmdod Procedure or 8ampls

Ges Velocittes. T. B Environmental Protecticn A
Emission Measurement Branch, Research
Pnl;t 5‘ .C. Ngvg';nbeé 1(937&8(&0“ bu:hed Paé:u
. Goyp, A. W, C.
and J. Btelner.

tions on the Maguituds of the 8 T Pttot Tube Co-
efficient for Commercially Avulable Soures Sampling

oll. Thess methods and modifications may be used, bet
are subjeot to the approval of the Administrator.

2. Apperstus .

As an alternative to the sampling apperatus aod sys-
tems described herein, other sampi systems (e.g.,
liquid displacement) msy be used provided such s{stum
are capable of obtaining & representative sample and
mﬂnmmnc s constant sampling rate, and are o er't.
capable of yielding acceptable results. Use of . such
systems is subject L0 the approval of the Administratar.

2 1 Grab S8ampling

11 Pmb.. he probe should

ltadotbo {licate glass tnb: mdshouldbeequl
with sn in-stack or out-gtack filter to remove parti
matter (8 plug of glass wool is satisfaotory for thh&mb
pou) Any ot umunummwo Oa,CO and Ns

d resistant to temperature {lnl eondldonsmu
bo used for the pmbo eumplol ol sueh materind
aluminum, cop, zar quartz glass and Teﬂm.
llzlzl’umv on.e-“y squeu: bnnr or eqn.lvdant,

tivs analyners
2.2 Integrsted ¢ Snmpl.ln. (F 2)
2.2.1 Probe. A probe such as t| thmﬂhndlnBﬂﬂﬂ
2.1.1 is suitabie

} Mention of trade names or specific products does nes-
constitute endorsement by the Environmul Protes-
uon Agency.

Y
v
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PROBE .
y FLEXIBLE TUBING

pd

\ % - -
FILTER (GLASS WOOL)

*T0 ANALYZER

SQUEEZE BULB

Figure 3-1. Grab-sampling train.

RATE METER

VALVE
SURGE TANK
AIR-COOLED .
CONDENSER R
Jmm{L (1 WA
E N pump
FILTER _
{GLASS WOOL)

. VALVE b d
8AG
RIGID CONTAINER /

Figure 3-2, integrated gas-sempling train,

-
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and flow metes.
1.2.3 Vaive A nesdld valve is omd te adiuet sample

gne Gow ra

2.2.4 Pump A leak aha.hnfm
mdvmtmumdmwm mpdn:yzm bl
beg. o small sarge 0 pamp
rate meler to ellminate the effeat of the diae
phragm p on the rotametes.

128 to Meter. The rotameter, of equivalens rade
moter, Doed should be ca m fGow rals
o within +2 nt¢ of the selected flow rate. A flow
ate range of t9 1000 cm¥/min ls sugwested.

2.2.8 Flezible Bag. Any leak-free plastio (e.g., Tedlae,
Mytag, Teflon) or plastic-coated aluminam (e.g., aluml
nizsed Mylee) , of ejuivalent, havwi * 8
consisteat with the selected fow rale and timse leng
of the test run, may be used. A capacity (o the range of
84 Lo 99 liters is suggestad.

To leak-check tha bag, connect It to & water manometer
and bag to 8 to 10 cm H;O (2to 4 in. H;0).
Allow to stand for 10 minutss. Any displacement in the
‘wuief manometes indicates a leak. An alternative leak-

cheek method 19 8o pressurize the bag to 8 to 10 cm HYO
{3to ¢ in. H0) and sllow lo stand overnight, A defisted
Indicates & leal.
4.7 Preesure O . A watar-8lled U<ube manom-
*ter, of mvﬂm&ﬂabwtmmuﬂln.)humh
the fiexible bag leak-check,

228 Vecuwn Geuge. A mm{ manometer, oF
equivalent, of ot lesast 760 mm Hg (30 H‘)uu.ndh
ibe sempling train leak-cheche

2.3 Analysia For Oreat and Fyrite analyrer main-
tenance and o) procedures, follow the tnstructions
by the mspufscturar, unkes otherwise

0231 Dry Moleenlar Welght Determinstion. An Orast
o te type comnbustion gee anstyser may be

. CODOEN tre
the mtmmtlmnamo.lmm-wdsvm
3 Dry Melowler Weight Daermincion oo .

Any of the thres sampling and snalytical procedures -
M{Mbda'myhundhdemmmh
mohmluva?m.

3.1 Bingle-Poind, CGrad SJampling end Anslytiesd,

are. .

311 The sam; point ln the duct shall either be
at the cantroid of the cross section ar st & polnt no cleesd
10 the walls than 1.00 m (3.3 1t), uniess otharwise specified
by the Administraics.

8.1.2 8¢t up the eq t a8 shown in =,
Toaking sare all conn ead of the

tight and leak-fres. 1f an Orasi s used, it »
recemmended that the anslyser be checksd
following the proesdurs in Section 3; bowever, the leall
checlt is optionml,

313 Pgmr.hombmlnthem.wiu:mupolun

be pesitioned ot the ssampling peint; parge the sampl-
mum. Draw & sample into the snslyrer and imme=
diately anal yie it for percant COssnd t Op Detors
mine the psrcentsge of the gas that Is Ns and CO by
subtracing the sum of the percent COs and percent Oy
from 100 percent. Calculats the dry molecias weight a9

indicsted {n Section 6.3,

3.1.4 Repent the sempling, snalysia, and calculation
proced until the dry moleculer waights of sny three
diffes from their mean by no maore thea .

grl‘bmwh (0.3 Ib/ib-mole). Aversge thess thres
y mc{l ’ the nearsys

ulss 'aitbla rert! the resol® W
0.1 ¢/g-mols (bb-mole). .

3.3 Bingle-Polint, [nwgretsd Samplieg sad Analytical
Prooesdure.

321 m’;}e ﬂﬁUn‘&ﬂm in the duct sball be located
28 spec in tion 3.1.1.

3.2.2 Lesk-check (optional) the flexibis bag as In
Bection 2.2.8. Bet yp the equipment as shown in Figure
32 Just to sampling, leak-check (o uon.u? the
ain by pm & vacuum gauge st the condenser Inlet,
& vacuum of et least 230 mm Hg (10 in. Hg),
plugging the outlet ai the quick discondecs, and
turning off the pump. The vacuum should remain stable
for at l2aal 0.5 minute. Evacuate the flaxible beg. Connest
Ihe probe and place it in the stack, with the tip of thy
probe positionsd a4 the sampling point; purge the sampl-
1ng lina, Neit, connect the hag and make surs that
ennnections are Ught and lesk

3.2.3 Ssuple at & constant rete. The sampling ran
shoidd be simultanecis with, end for the same Lo
length of time as, the pollutant emumlon rats determioes .
tiem. Collection of nt leagt 30 litars (1 00 it?) of ssmple g
18 recommended; however, mnsalles volumes msy
eollected, If destred.

2124

hours aftes the sample (8 taken, enalyse it for pervent
€'Q5 and percant Oy using either an Orsas anslyzer ov 8
Fyrite-typa combustion gas anslyter. [f an Orsat ane»
lyter i used, it 18 recommen that the Orsat leek-
+heck describad in Section § be parformed befors this
s manventage o the e that 1 M1 and CO by ooy
rolns the parcentage gaat 180 [

Uacung the sum of the percemé CO, end percant Oy

RULES AND REGULATIONSY

from 100 percsnt. Celonisis the maolecular welght & Emisilion Raie Correction Feser o0 Kx0e00 AV Deban
indicated ln Section 6.3, &y ..' mination - o

3348 Repmi the anslyuds and aaiculation procsdures
23] the individual moleculsr weights for any thres

yoas differ from mean Do more than 03
m-n;olo 0.3 1b/1b-mole). Aversgs

Mnmmmummmom mole
b DAy e

3.8 Muld-Polnt, Inf Sam snd
P tagrated pling and Asalytical

840 Unless otherwise specified by the Adminis.
, 8 mlnimum of eight traverse points shall be used
elreuler stacks having diameters less then 0.61 m
, 8 minimum of nine shall be used for rec
baving equivalent diameters less than 0.61 m
and 8 minlmum of twelve traverse points shall
for all other cases. The truverse polnts shall be
located acoording to Method 1. The ase of lawer points
is subject to approval of the Administrator, .
3.3 Follow the ares cutlined (n Sections 3.2.2
through 3.2.3, escept for the lollowing: traverse all sam-

A

Nors.—A Fyrite-type combustion analyse
scosptable for axcess alr or emissdon correction :.ﬁ .
ved by the Administratoe;

w t

ach of the three procedures below shall be used
when ed Ln an spplicable subpart of the md:&',
The use of these procedures for other must bave

specifie ?rior spproval of the A .

ueds ngle-Poiot, Urab Sompling end Analyties)

ure,

4.1.1 The sampling point tn the duot ahall sither be
at the centroid of the crom-section or st & polat no ¢
to the walls than 1.00m (um,unh-ouww\nlwm
b);‘lh;Asdomhlthw;iuj t h ia

.1 t up the ent as shown e 3

mﬂmmmwmlmawndolthm':f:u-"'
tight and leak-free. Leak-check the O analyzer ae-

pling poinis snd sample at esch polnt for ag equal length  cording to the procedurs described in o 3. This
of time. Record sampling dsts as shown in Figure 3-8, leak <check is mandatory.
L TIME TRAVERSE a .
". 1pm- % DEV'
i
5
AVERAGE
s Q-Qavy . . )
. UWDEV= (') 100 (MUSTBE<10% .
. avy -
Figure 3-3. Sampling rate data. ) '
4.1.3 Place the probe in the stack, with the tip of the ing off the pump. The vacunm shall remain stable
probe tioned a¢ the sampling point; 8 mm- for at least 0.5 zmnna. Evasoate Bexible bag. Oop-
pling Draw a sample Into the mdﬁnu; or emlagon  nect the probe and place It in the stack, with the tip of the
raie fastor determination edhto‘lI ane- probe K:dtioned ot the sampling point; purge the same
lyse the sample, as outlined In Bections 4.1.4 an 4.1.5, pling tine. Next, connect the bag and make sure thaé
for percent COj or percent Os. If sxcess sir is desired, all connections are tight and leak free.
as follows: (1) immedistely analyze the samp! 4.2.3 Bample st a constant rate, or a8 by the

proceed
as in Bections 4.1.4 and 41.5, for parcsnt CO3, O
CO; (2) determine the percentage of the gas dnt‘h Ns
by subtracting the sum of the percent CO3, percent Oy,
snd percent CO from 100 t; and (3) calculate
percent excess alr a8 outlined in Bection 6.2.

4.1.4 To ensure complets sbsorption of the COy, Oy,
or If applicabls, CO, make repeated passes each
absorbing solution until two consecutive readings are
the same. Several pessss (three or feur) should be made
betwean rudlug:“(u constant resdings cannot be
obtained utfrﬂt : consecutlve readings, repiace the

solutlon.

4.1.8 the anslysis s completed, leak-check
(mandatory) the Orsat analyter once , o8 described
Jn Beclion 3. For the results of the analysis 1o be vall

the Orsat analyter must pass this leak test before an

after the analysis. Norg.—Since this single-potnt,

sam pling and ansalytical procedure is normully conducted

in eonjunction with s slnlle-ﬁolnt. grab sampling and

analytical procedurs for 8 pollutant, only one snalysie
is ordinarily conducted. Therefors, great care must be
taken to obtaln & valid mngle and analysis. Although
in most cases only CO; or is required, it 3 recoms
mended thet both CCy and Oy be maasured, and that

Citation § (o the Bibliography be used to validate the
< apalytical data.

4.1 Bingle-Polnt, Intcgrated Sampliig and Analytical
roced!

ure,
4.2.1 The sampling point In the duct shall be located
&g specified in Section 4.1.1,

422 Leak<heck (mandatory) the flexible bag as in
Bection 2 2.6. Set up the equipment as shown in Figure
3-2. Just prior w0 sampling, leak-check (mandatory) the
train by placing & vacuum gauge 4t the condenser inleg,
poling s vacuum of st least 20 mm Hg (10 ia. Hg),
plugging the outlet a¢ the quick discoansot, snd (hem

-
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specified
strator. The sampling mn must be stmultanects
with, and for the same total len of time ag, the pollut-
ant emission rate determination. Colleet st least %
litars (1.00 ft%) of sample gas. Imaller volumes may be
t t0 approval of the Administrator.
ons integrated flue gas mmple during
each pollutant emission rate determination. For emisson
rate correction factor determination, analyze the sample.
hin 4 hoars alter it is taken for rreant COs o:gomm
Oy (a8 outlined in Sections 4.2.3 through 4.2.7). The
Orsat analyzer must be leak<checked (see Section
before the analysis. If excess air is d
tolﬁn: ( éecu hrough $.2.7) for 13
analyze |t (as in ons 4.2.5t +2.7) pearceni
CP4, Oy, and €0: (2) determine the percentage of the
gas that is N¢ by subtracting the sum of the percent COy
perceat O3, and percent CO (rom 100 wem. i3) cak
culale percent excess air, as outlined in bection &
4.2.5 To ensure complets absorption of the CO
or if appHcable, CO, make repea passes through
absorbing solution until two consecutive readings are
same. Several passes (thres or lour) should be made be
tween resdings. ({f constant readings cannot be obtained
alter thres conseculive readings, replsce the abserbing

lution.
2 a 26" Ropeat the analysis uatil the lullowing ariter

4.2.6
": %:.‘l ) t CO the analytieal pree
3 or percen s, repeat the
cedure until the results of any thres anaiyses differ by 80
rmors than (s) 0,3 percent by volume whea COs s
than 4.0 percent or (b) 0.2 percent by volumae when C
13 less than or equal $0 4.0 percent. A verage the three o
ceptable values of percent COj and report the resuits t8.
peroen

[ £

gl
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)ujpuwn!byvuhmve;hano e Jaas than 150
nlor(b)Dipnrmm ume when Qy 3
l50 nt. Aﬂnutxl ble v~5uuo!

) drwu'(tbamuu osarest G}
-"m

418 Yor percent CO, repest the analytioal

durs unti] the results of any three analyses dfffer
more than 0.3 t Average the three -ooepubbe
“m-olpu-m CO and repart the results 4o Wae Dearwt
“_u Anu the amliysls iz completed, ak<check
tory) the Ot analyzer onoe again, ad deacribed
o Bection 5. For the results of the analysis Lo be valid, the
Ooat anslytwr must pass this jesak test before and aher
the anaiyris Note Ahhough {p most instances only CO,
o O1 s required, it is recoramended that both COy and
0Oy be messured, and that Cluuon 8 m the Bibliography

o ueed to nUd.nu' the analytical da

s ln)u Painl, Integrated Bampung and Analytioal

[ € §] BoLh the minimum opumber of mmpling points
ond the mmpling point Jocation shall be as specified in
Bection 3.3.1 of this method. The use of fewer points than
apecified s subject to the approval of the Administrator.

432 Poliow the procedures outlined in Bections ¢.2.2
h 4.2.7, u 1 for the following Traverse ali

polnt.a -mple at each point for an equal

mm
p umc Rooard sanpling dats as shown in Figurs

5 wa'ea Procedure for Orsat Analyzers

Moving ap Orset n.n:!lrlu trequentl y causes it 1o leak.
‘herelore, an Orse! yser should be thoroughly leak -
Yed on site before the Bue gas sample 18 introduoced
Inw it. The prooedure for leak-checking an Orsat snalyter

H 1 Bnni the liqnid level in each pipette up to the
on the oapillary tubing and then close the

p’f‘i 2 Rusc lhe leveling balb smufficiently to bring the
confining liqud menlscus onto the usted portiou of
the buretie and thep close the manifold stopoock.
8.1.2 Record the meniacus position.
6.1.4 Obeerve the meniscus in the buretts and the
mTM level in the pipette for movement over the next 4
Dutes

8.5 For the Orsat analyser to pess the beak-check,
two conditions must be met.

5.1.5.1 The liqnid level in each pipetie must not fall
below the botiom of the capillary tublng during thbls
4minvieinterval.

8.1.5.2 The meniscus in the buretie must not change
by more that 0.2 mi during this 4-minuteinterval.

5.1.8 1fthe analyrer [alls the leak-check
robber connections and sto) s should be checked
unti] the cause of the leak Ls identified. Leaking stopoocks
must be dimssembied, cleansd, nnd
rubber connections must be repiaced. After the analyser
] m‘:dembled the leak-check procsdurs must be
repeatod.

BULES AND REGULATIONS

& Oulcuistions

&1 Nomenchature
M = Dry mclecular 'chht gr-mole (JbAl-mole).
E A = Porvent etcese al
O.-PmlCO.by volnme( baelz).
Oy= Peroant Or b Lvolume( 18).
O-Pumm CO by volume ( basis).
\1=Paroent N; by volume (dJZ beais ).
« Ratio of Oy to Nyin alr, vfy.
0.380 = Molecular walght of Ny or CO, &ivided by 100
320 = Molecular weight of O; divided by 100
40 = Molecular welght of CO,dJﬂdad%
6.3 Percent Exoms Alr Calculate the parcent ezcess
&ir (If applcable), by smubstituting the appropriste

walues of percent O, CO,and Ny (oblained (rom Bection
413 0r ¢ 24) into Eq\muon 1
0, —0.59,CO
EAx o' h () :]]
%A =[50, (70057007 )
Equation 3-1

Notz —The equstion above ssumes that! smbient
alr is used as the source of Oy and that the fuel doea not
cotitaln appreciable ammounts of Ny (a8 do coke oven or
blast furnsce gusea) For those cases when lmeclnMe
amounts of Ny are present (oosl, oll, and nalural
40 Dot oconlsin appreciable amounts of N,y) or vhcn
oxygen enrichmen! is used, aliernats methods smubject
to approval of the Admjnulrntm are requirsd

,f Dry Molecular Weight Tee Equation 32 to
calculate the dry moleculsr waight of the stack gas

Wy =0 440(TC 01) +0.520(%01) 0. 0% N+ % CO)
Equation 3-2

Notr —The above squation does not eonsider argon
ip air (aboul 09 percent, moleculasr weight of 57 7).
A pegutive erTor of about 04 percant is tntroduced
The terter may opt to {nclude argon in the analysis using
procedures subject o approval of the Administrator
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Mewmopr +—DrTIawmimon o Mowrtex Cowrxwe
m bracy Gasxs

L Principlc and Applicaduy

Principle A gw sample i extracied st o sonalont
tats from the source, moisture b remnoved trom the wam-
Pt stream and detirmiined either volumetrically o
gravimetrically

1.3 Apphicability This method s applicable for
ﬁw-mmu the molsture content of mack gas
Two prooedures are given The first 15 & referenoce
method, for sccursts detarminations of molsture content
Buch ma are peedad L0 oalculsie emalssion data' The
second is en epprolimstion method. which provides
estimsates of percen! molsture 1o 8Jd In setting oK IDetic
smpling rales pnot 10 8 pollulant wmission meesire
~Joent run The approtimsation method deacribed berein
13 only a suggested epproach. allernative mesns lor
proxlmnln%uhe moisture content e.g , drying tobes,
wet bulb-dry bulb techniques condenssiion techniques,
stotchiometric eakculauons, presious aiperience, otc.,
ars also scceptable
The rederence method s often conducted wmultane
@oaly with & poilutant emimion meagirement run, when
H is, ealculstion of percent isokinstic. pollutant amlssion
rate, otc , for the rup shall be beased upoD the resulis of
the raference method or jts equivalent,. these calcuistions
shai! not be bawd upon the resulis of Lheocfﬂroumnlon
method, nnjess the nprrwumnlon meth shown, w0
the satigdartion of the Admioustrator, U8 Environmen-
tal Protection ency, to be capable of ylelding resuits
within 1 percent BrO of the reference method
Notr —The reference method may yteld qu‘ﬂ.lombh
fesuitz when applisd W ssturatad gar Fremrns
sUeams that contain water droplets Therefore 'bcn
these conditions exist or sre suspecled. & second deler-
mination of the motsture content shall be made mmul-
tansounly with the refarence metbod, as foliows Assime
that the gas stream (s saturstad Attarh & lemperatiure
sansor (oapable of measuning to »1° C (Z F)| o the
reference method probe Measure tbe stack gas Lampern-
ture st each Uraverse point (ses Bection 2 2 1) dunng the
relerence method traverse calculate the svermge Fim ik
g tern tun Nm determine the moisture parcent-
LE ) uxing & peychrometric chart and
mhng prhu oorrections U stack pressure s
diflerant tn:n:n that of the chart, or (2) uslng sturston
wapor premure tablez Lo cases where the psychrometric
chart or the maturstion vapor pressure tables are not
applcable (based on evalustion o!the‘-g\xm), slternate
methods, subject to the approval of Administrator,
shall be used

2. Roferenes Method !

The procedure described [n Method & for detarmining
ebisture content is scoeptable sa 8 relerence method
tus A ling trwin
+1.
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RULES AND REGULATIONS -

- . STACR . A
g FILTER WALL CONDENSER-ICE BATH SYSTEM INCLUDING~- -
{EITHER IN STACK /] SILICA GEL TUBE —7
OR OUT OF STACK} -
/ PROBS -
\
' ' VACUUM
THERMOMETERS:- GAUGE.
- . BY-PASS VALVE
ORIFICE o /]
r
. )} ~ '~ hd .
. — . - MAIN VALVE
DRY GAS Cam
METER e AIR-TIGHT- -
PUMP - -
Figure 4-1. Moisture sampling train-reference method.

1ll Probe. Tba probe js constructed of stainiess
stest or glass tubing, sufficlently hestsd to prevent
m condensstion, and ls equip with & Alter, either

instack (o.g., 8 plu| of glass wool inserted into the end
ol robe) or heated out-stack (s.g., a8 described In
8), to remove particulste mtw

Whou stack oconditions parmit, other metals or plastio
tobing may be used fos the pmbe subject to the npprovnl
of the Admlinistrator.

213 Condensee. The condenser cousists of foar
tmplngen connectad {n series with ground glass, leak-

n’F orany simlhrly leak-free non-contaminating
mum he third, and fourth impingers shall be
of the Omnburu-smnh design, modified by replacing
m vma e 1.3 centimeter ()4 inch) ID glass tube

ng to about 1.3 cm (}4 (n.) trom the bottom of
the flask. The second impinger shall be of the Greenburg-
Bmith design with the standerd tip. Modificstions (e.g.,
using fiezible connections between the impingers, using
matarials other than glam, or using flexible vacuum Uoes
to connect the fiter hoider to the condenser) may be
used, subject to the approval of the Administrator.

The first two impingers shall contain known votumes
of watar, the third shall be empty, and the fourth shall
eontaln & kpown weight of 8 to 16-mesb lodicating t
mlica gel, or squivalent deslocant. If the silica gel
been prertouny used, dry st 175* C (350° F) for 2 houra,
New silica ‘euur{ be used s recelved. A thermomeler,
eapeble of m nﬁ ternperature to within 1° C (3* 1),
shall be placed at the cuilet of the lourth tmpingee, for

monitonng p
Alternstively, any system msy be used (mbject te

the approval of the Adminlstrator) that cools the sample
vt measuremant of both the wales

hat has been condsnsed and the molsture leaving the

cundenser, sash 1o within | ml ar 1 g. Acceptabls mesas

are t0 measurs the condensed wuler, either gravis

metricaily or voln.meﬁal)‘y nnd to measyre the mois

ture leaving the 1) "—in!'..

temperature and pressure at th. exit of the oon

aud using Dalton's law of partial pressured, of (2) paesies

i valant.doa ""3“&,"‘ b et gases Kept
v esicean p, wi gases kep!
2° C (88° F), and dete the weight

If means other than silica gel are used to termine the
amount of molstare leaving the condenser, |t is recom-
mended that silica gel (or squivalent) still be nsed be-
tween the condensar system snd pump, to
moisture condensstion In the pump and metering
devices and to svoid the need to make oorrections for
motisture in the metered volume.

21.3 Cooling “I'su.-m An loe bath coutainer end
m::’hsd lce (ar squivalent) are used to eid in condensing
mo

314 Meterie‘! Bystem. This system Includes & vso-
oum gauge, | frese pump, thermometers capabls of
measuring temperaturs Lo within 3* C (86.4° F), dry ges
meter capable of measuring volume to within 2 percens,
and related equipment as shown in Fi 1. Other
metering systems, capable of main ng s coonstant
sampling rate and determining mmrlo gas volume, may
be used, subject to the approval of the Administrator,

21.8 Barometer. Mercury, aneroid, or other barome
ater capable of measuring atmospherlclpressun to within
2.8 mm Hg (0.1 in. Hg)an n many cases, the

omelric rea may obtained trom s nearby
national wanlho.r service station, in which case the stae
tion vaiue (which ia ma absolute barometrie pressure)
shall be requested and an adjustment for elevation
dlﬂmncel betwsen the weather station and the sam-
polnl shall be applied st s rete of minus 2.5 nm Hg
Hg) per 30 m (100 {t) elevetion increass or vice

ver- for elevaiion decreass.

7.1.8 Gradusted Cylinder and/or Balance. Thees
{tamg are used o measure coudensed water and moist
caught in the silics gel to within 1 m!l or 0.5 g. Gredns
cylmdan shall have subd.lvlsions 0o groster than 2 ml-

Most lshoretory balances are capable of weighing to the
uunﬂo.l(al-.'l‘hmbdmummjhbhh

2.3 Procedure. The blicwing procedure ts written for
8 condenser systam (such as the impinger system de

a tared silica gel (or
below

N

scribed in Section 2.1. ") mcorponhng volumetric analy-
sis to e the e, and silica gel and
m;tmel:lc u.mlysh to measure the moisture leaving the
condenser.

2.2.1 Unless otherwlise specified by the Adm.&nlntnul
a minimum of sight travarse points shall be used for
circular stacks having diameters leas than 0.6 m (24 in.),
s minimum of nine points shall be used for rectan
stacks having equivalent diameters less than 0.01 m
(24in.), and & minimum of twelve travers points sh
be used in all other cases. The traverse points shall be
located according to Method 1. The use of fewer points
is subject to the approvnl of the Administrator. Select 8
suitable probe and probe length such that all traverss
points can be sampled. Consider sampling from opposita
ndes of the stack (four total sampling ports) for large
stacks, to permit use of shorter probe lengtha. Mark the
probe with hest resistant tape or by some other method
to denote the proper distanee into the stack or duct for
‘each sampling poiat. Place Ynown volumes of water in
the first two impingers. Weigh and record the weight of
the silles gel to the nearest 0.5 g, and transfer the silies
gel to the fourth impinger; alternatively, the silica

' may @rst be translerred to the impinger, and the wei

of tho sliica gel plus impinger record
233 Belect & total sampling time such thet & mink
mum total gas volume ol 0.40 scm (21 will be oab
lectad, &t a rate no greater than 0.021 mY/| 0.73
When both molsture content and pollutaut emlisdon
are to be determined, the moisture determination
be simultanecus with, and for the same total lengtd of
time as. the pollutant emission rate run, unless otherwise
specified in an applicable subpart of the standards.
3.3.3 8et up the sampling train as thown ln Figure
41, Turn oa the pmbo heatar and (I ap le) the
to tem at 120° O

ocoadenser; 'umo(ormoumpemmmmuh
hmcnuhedlulnthnlmbuboonuhclh .

mended, but 0ot required, that a leak check be
follows: Dhoonne?&hopmbchmlh‘h pln(-

FEDEEAL GEGUSTER, VGL. 42, MO, 140—THURSOAY, AUGHEIX 18, V93
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spplioable) from the filter holder Plog Lhe Inlet to the
imploger (o Alter bolder) and pall » 80 mm (16 {n.)
vacUUID, & Jower vacuum may be uaed, provided thet

#t b pot exomeded during the A wakage rate In
axoses of 4 percant of the average mampling rete or 0.00067
mifmin ©.02 cim), Whichever ls lese, {s unsoosplable
Pollowing the! eak oheck, reconnect the probs to the

traln

-:,d the mrupling ran, maintaln a sampling
ate within 10 percent of constant rats, of 8 Spectfied by
the Administrator For each run, record the data re-
“ulndmm.mnplsdmmmovnm

2
mwnurdtbed.rymmowrudm(u begin-

-@ULES AND REGULATIONS

over mmpling s halted Taks other rendingy
ot each mmple point, 6! least emoe &ring each Wmme

ent
3.2.5 To begip mmpling, position the probe tip at the
traverse point. eodistely start the pump snd
adjust the flow o the desired rate Traverse the croms
tion, -mplmx sl each traverss t for an -T&I
b of time Add mors los and, mlt to
talp 8 tamperstirs of lem than 30° O @° F) st the
lumrulam.bt
9.36 Afer oollecting the sample, dlaconnect the
froan the filter holdar (of lrom the firet impinger ) and eon-
duct o kak check (mandatory) sa described in Bection

endensed Lo
wuight of the wli

parwt mi De
cs gol (or gilice gel plus Lmpingerito the
dthh Uon (s example dals
et 431 and caiculsle the molsture paroastage,
ng::d‘ln 33 balow

aing and and of each Umas incremant and whan- .
RANT
(OLATION -
SPERATOR
SATE
Wn NO N -
AMBIENT TEMPERATURE
SAROMETRIC PRESSURE ’
PROBE LENGTH mit)
SCHMEMATIC OF STACK CROSS SECTION
PRESSURE TEMPERATURE
WIFFERERTIAL WETER SAS SANPLE TEMPERATURE OF GAS
ACROSS READING AT DAY $AS METER LEAVING
SARPL ING STACK . DMFICE METER GAS SAMPLE COBDENSER OR
TRAVERSE POINT THE TOSPERATURE (am), veLeME e aner SUTLEY LAST mOPNGER,
NUMBER (0), min. ¢ (*f) bl 30 S ) alm? | (Tmi). "C*F) | (Twgy!), *C (°F) ¢ 1°F)
14
N
) S \
/ i
o
TOTAL Awg An.
AVERAGE Ay

Figure 4-2. Fisid moisture determination-reference method.
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WEIGHT.
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INTTIAR .
OiFrERENCE

Fige 43, Anslytical deta - referenca mathod,

231 Nomenolatare. -
B o= Proportion oﬂ wetes vepor, by volume, im
tho ges vtream.
Hr-Molequu welght of wates, 18.0 g/3-mole
(18.01b/1b>-mole).

Po=Absolute preasnre (foe this method, seme
ea barometric pressure) st the dry ges mtc.

in.
P.“-B;nduémt;u{uh pressare, 76 mm Hg
¢ .

R-!doal ngtant, 0.0823¢ (mm Hg) (m')/
-mol (° K) for metric unita and 21.88
l) (ft9)/(1b-mole) ('B) for English lmJtL
T'»= Absoluts tamperature st meter, “K (°R).
Tu-Bst;sr:du-dm absolute tempersture, K
{ N
Va=Dry gas volume measured by dry gas meter,
dom (def).

AVa=Incremental dry gas volume measured h'
dry gas meter st ench traverse point, dom

V.(...,-Dry n. volume muamed by the d.ry g8
corrected to standard con ﬂonn,

¢ V..(..)-%. of water vapor eondennd correctad’
standerd conditions, sora (scf). -

V.,(.a -Vol.nmo of m vapor oollected in sillor
enrmud standard conditions, sem

-Findvolumaaleondcmuwnuf ml -
l/-lnmd volume, if any, of condenser water,

V,-lelvelghtolnmunlorammgalplm
'.-lnmnl wei;htohm«nl oe silics gel plus

impinger, g.
Y=Dry lnouruubmlon
P.-De ty of water, 0.0083 (/ml (0.002208

1b/ml).
233 Volume of water vepos condensad.
(Vi—Vi)peRTua
PndM-
=K(V,~V.)

-

V-:(nd)

Equatioa 4-1

Whaere:
XKi=0.001338 m¥/m] for metric unite
=0.04707 ft3/m!} for English onits
333 VYolume of wulee vapor collected In silice gel
(W/(—W)RT.a
Ps\dM-

=Ky(W,—~W,)
Equation 42

. V-u(-u)=

where:
K1=0.001538 mi/g lov metric units
=0.04718 fU/g for English anits
234 Bampls gao voiumae.

v

RULES. ANDF REGULATIONS™ -

N (PO (T}
Va - PLELVANL LTS
[C ] VBY (Pm)(T.) .
Va
Ky T .
where: quation ¢3
E\y=0.3888 ° K/mm for metric units
=17.64 *R/In. Hg for English units
Nota.—1f the tosd leak raie (Section 2.26) en-
ceeds the allows rate, correct the valus of

- in
Eaunlon 43, a8 described In Section 6.3 of Hethod &
.3.8 Moisture Content.

V.. [{1%)) + V-u [(1) l)'
de (oedp + V-n o+ Va {o0gy
Equation 4—4

Note.—Tn saturated ar inoisture droplet-laden
streams, two calculstions of the moisture content of t|
stack gae shall be ane using s value based upon
the saturated conditions Section 1.2), md mothc
based upon the resuits the impinger ai The
lowel ol these two vslues of B, shall mnm

2 38 Verification of constant umgung rats. For each
time Increment, determine e Calculate the
average. [f the value for any mno increment differs from
the average by mors than 10 percent, reject the resuits
and repeat the rum.

Brl-

cor~

3. Approzimation Method -
The spprozimation method dmuribed below is pre-
sentedonlyu:suuumdmo od (see Bection 1.2).

paratus.
sll Embe Stainless stoel or glass tubing, suMeisn
heated to prevent watee condensation and equip

with o filter (either Ln-stack or heated out-stack) to re- -
Inserted

move particulate mattar. A plug of glass wool.,
into ths end of the probo is & satisfactory filter.

3.1.2 Impingers. Two midget impingers, cach with
30 mi ca ty, or equivalant.

3.1.3 [ce Bath. Container and ice, (0 aid in condene-
ing moisture in impingers.

3.1.4 Drzm; Tube. Tube packed with new ar re-

generated 6- 1o 16-mesh indicating-type silics gel (or
equlvtlent desiccaat), to dry the sample gas and to preo-
tect the meter and pump.

3.1.3 Valve, Needle vtlvo, to regulats the sample gas
flow rate.

318 Purng Leaktrm diaphragm type, or equive~
lent, to 6 gAS mm%e through the traim

3.1.7 Volume meter. Dry gas meter, safigiently ae-
curats {0 meesure the sample volume 'h.hm and
calibrated over the rangs of flow rates and conditions
actually encountered during sampling.

3.1.8 Rate Meter. Rotameter, to measure the flow
rnn;etromotoslpm(owonefm)

3.1.9 Graduated Cg‘ nder. 25 ml.

3.1.10 Barometer. Mercury, sneroid, or other barom-
eter, a8 described In Section 2.1.5 above.

3.1.11 Vacuum Gaeuge. At least 760 mm Hg (30 in.-
Hg) gauge, to be used for the sampling leak cheek.

3.2 Procedure.

3.2.1 Place exactly 5 ml distilled water in each im-
pinger. Assemble the a&Eamlu.s without the probe as
shown in Figure 44, Leak check the train by placing &
vacuum gauge st the inlet to the first impinger and
drawing s vacuum of at least 250 mm Hg (10 in. Hg),
plugging the outlet of the rotameter, and then turning
off the pumr. The vacuum shall remain constant for a
oast one minuts. Carefully releass the vacuum gauge
Ibefore unplugging the rotameter end.

FEDERAL RGQISTER, VOL. 43, NO. 160—THURSDAY, AUGUST 18, 1997
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QETRLES AND REGULATIONS
HEATED PROBE $ILICA GEL TUBE WATE BRETER
FILTER v -
{GLASS WOOL) : % ';
°p diipyeti
ICE BATH °o L)
DRY GAS
METER
. ] .
WMIDGET IMPINGERS pumpf
Figure 4-4. Moisture-sampling train - approximation method.
LOCATION COMMENTS
TEST
DATE
OPERATOR
BAROMETRIC PRESSURE
GAS YOLUME THROUGH
METER, (Vm), RATE METER SETTING METER TEMPERATURE,
CLOCK TIME m3 (f13) m3/min. (#3/min.)

Oc (OF)

Figure 4-5. Field moisture determination - approximation method.
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332 Connest the probs, insert 1t into the stask, and
mphaaeomuntnu 2 1pm (0.071 ofm). ng:n:
pll.ﬂ registers a \1
Htere (1 ft')ornntﬂ%ﬂ:u“ld droplets are carried
over from the firgt pln(u&omomnd.amd
ol b and dry gas meter readings ee”

R A&cmlheﬁnathonmplqmblmthom
mudm.mmm.nmdmmmcvdmmm
nesrast 0.5 mL

3.3 Caloulations. The ealculstion method presented s
&M t:mutimnu t.t::ml':xoutu?uln tho m’:m
areiore, other data, wi are only necessary for ao-
carate molsture determinstions, are not collected, The
squations adequately estimate the moisture

tarmining isokinetd

5

content, h: the purposs of de! ¢ W
pling rate
u’g NoxAnanchmn. by
e ':mnpa-mthwmhmun
second lmpinger

B..,-w:mnpwmth.mm.mﬂmby
volamae.
Moleculas of water, 18.0 g/g-mole
(lsmbllb—moh -
Paw Absclute preesurs (for this msthod, same as.

barometric prassure) ai the dry metar,
Py S%M sbeolute pressure, 700 mm Hg
R-&dca.l

R

(unoh) ((g'}} for mot;ﬂ("B b B ich

T -Ab‘omtﬂnmnm ‘K
T:a-snndnd W T

B)
‘/-anml volumse of impinger contants, ml.
= [nitial volume of impinger contemnts, ml.
Vo= Dry volnm maeasared by dry gas meter,
s metar,
decm
(dsef).
Vas(eed)= Volume of water vepor cnndcnsnd, sorrected
to standard wndmm scro (

‘w'"v:lw of water, om’zumx(omub/mn)
Voo V2= Vi) poRT s
hade Pnlu.
=K|(V[—V()
Equation 4-5

where:
K =0.001383 m?/ml for metrie anite
«=0.04707 f19/ml for English units.

333 Gma volume
Va (and) ‘V-(Pl:l) (TT:‘)

VoPa

=K,

Equatfon 40

RULES AND- REGULATIONS

334 Approsimsts molsture cntente

Vee
B' -i-a+i-u‘+a..

: 5 +(0.028)
. L. J
. o Eqnnﬂun 4+7
41 Forthe re!ereneo thod, celibrate

specified in the following ssctions of Method §: Secdon l.l
(met. system); Bection 5.5 (tempersture gs ‘L
and Bectlon 8.7 (barometer). The rwom.mended

check of the metering systam (Section 5.6 of Method B
also applies to the refarence method. For the approximas
tion method, use the procedures outlined in Section 5.1.1
of Method 6 to calibrate the me system, and the
md Method 3, Section 5.7 to calibrate the

5. Bldliogrephs
1. A.erolludtm Engineering Man ml(seemd Edition),

A. (ed.), U.B, Envtro
Agency OMen of Al i lanning and Bund.nrd.l.
Pubucsunn No. AP-48,

lﬂm

978,
2. Devorkin, Hcrwnrd, ot al. Alr Pollution Socros Test-
Manusl Alr Pollution Control District, Los Angeles,

Velocity, Volume,

terminstion of
Bf:tmmdor}n Content of Gua.c Wetlz-n Predpltem‘
on of Joy Manufscturing Co., Angeles,
Bulletin WP—G%. 1908,

METHOD 5 D EYERMINATION OF PARTICULATR EMISGIONS
FRoM BTATIONARY S0URCES

1. Princple and A pplicabidity

1.1 Principla Particulste matier is withdrawn leg~
Hneduny from the source and collected on » glase
ber flltar maintained at s tem ture in the rangs of
IMM' C (248:28° F) or such other tem
specifisd bg an lp
nppmvod
Protection ency, lot pnmeul.n npplludon. The

det‘a.'mlmd gravimetrically after removel of uncom
weter.

1.2 Applicability. This method is .p&l:i::bh for the
determination of particulate emissi stati > 4

sources.

2. Appercius

2,1 Sempling Train. A schematio of the
used in this msthod is shown in Figure 51 Com-
plete oonstruction details are given in APTD-088%
(Citation 2 In Bection 7); commercial models of thie
train are also availeble. For ¢ o8 from APTD-0881.
and for allowable modificationa of the train shown In
Figure 51, see the following subsections.

The operating and malntensnee procedures for the
sampling train are described ln APT 76 (Cltation 8
in Seotlon 7). Since correct usage is important in obtain-
l‘x? valid results, all nsers should APTD-0876 and

the opersting and maintenanes Ures out-

tn {8, unla- otherwise herein, Tho |am-
traln consists of the lollowing components:

)

FRGRAL ROMSTER, VO 48, MO, 140—THURIDAY, AUGHS? 13, P
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[ EREE D REGULATIONS QT
} ERATURE SENSOR - GIPNGER TRAIN OPTIONAL, MAY BE REPLACED
- . &Y AN EQUIVALENT CONDENSER
|~ WROBE
— THERMOMETER ,
: : rm&mruae HEATED AREA - YMERMOMETER
.  PITDT TUBE NSOR FILTER HOLDER CHECK
, . VALVE
PROBE STACK
) ' 4 ~ \ WALL
’ VYACUUM
REVERSE-TYPE LINE
MT0T TUBE
PITOT MANOMETER IMPINGERS 4LE BATH
i BYPASS VALVE
®RIFICE
.{
O
" THERMOMETERS
- @RY GAS METER RIRTIGHT

Pume

Figure 5 1. Particulate-sampling train.
N L]

Noszle Stainless stesl (318) or glass with plane of the pitot tabe shall be even with or sbove the
of Bextle mmwzmmmmﬁmu

the outside to preserve smmpling qm']wﬂﬁlmmbo-mblin have n
fmowp cosfBiciant, detsrmined as sutlined ln Bection ¢ of

of ths batton-book or elbow , Gnless otherwiss Msthod 2.
stainiems g4 Prsors Geoge. Incitned manom-

aivalent dov c) (two), a3 oxcribed tn Becton

oter or
’ 23 ol Mathod 2.-One manometar 32all be nsed or veloctty

@ the approval of the Administrator, Sead (Ap) readings, amd the other, for orifics differwmtiai
readings

Pmaasun
il io %"__ﬁ: L5 Pilur Hoider Boroalliats glam, with o glasm

e

I
i
1]

N o ministrator The boldar deaign provide s pogitive
licate or quarn glaes mblng oo/ gy | rom the oatside of ground the fltar.

e (s The hoider sinnl? be titached immedistely ot the ogtiet
ol ths exii ead dunng mmpiing 120+14° O
F), or such otber tamperature as specifind by & the probe (or eyclone, tased).

o

oab) standards ppro 218 ilies Heatlng Oymtam. Any beating sywtem
o Fabpart of the path ved by -Ysbla of rdnisining & tam ture around the filter
0 oparsts the equipmaent st s tamperature  bolder duric: mmpling o. i1 C (B2 ), or

- 8 the ouLlet of usually moai subpert of the standards or approved by the
ob:Q probe s ot i d ular mUmuom Alternstively. the
yo&.:ow equipment &t 8 tam paratiire
specifiad. A tam capable

mmwmﬂns"cwﬂﬂm
oround the
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Sublect
opeaing the spproval of s Adminisusior. The firm and
o oot ncond(tm nu{;;)htl; &urxsin known quantities of
I pactfic prodocts doss walar on , the shall be empty, and the
rade oumes of Proteo mmumwn.mnvuutug‘ninm.w

oqul vilant desiooast. A tharmometer, spabie of measur-

other taparsiure es &pacified by an Axpl.lc-blo “<she

end to measure ge bvtnadtbemdm rg:

(1) wonitoring the tam and pressure at L3
exit of the condenser and using Dalton’s lsw of partial
pressures, or (2) the sample g stream thwough
8 tared dlios gel (or equivalent dexioomnt) trap with
exit gasen k balow C @08° F) and detarmining
tho wuight gain.

If means other than eflios gol are weed to detarmine
“the amoun! of moiztnre eving the esondenser, It b
rsoommended thit silos gel (or equivalent) stil be
g betwean Lhe condenser gysiam and pamp to prevent
molsture sondensation in Uee pamnp and metaring devises

make earrwtions for

Soas o Lhis are mel
2.1.9 Barometer. Mearcury, anerold, er other harometsr
ble of measun stmospberic premsure to within
mm Hg (0.) 1o rﬂ;). ln many pases, the barometrio
reeding may be obtained from & pearby natioosl weather
-'vhnalm in which onse Lbe sation valne (whioh is

Al
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the absaluty mmat‘:%e m@) m s requested u‘
an sdjustmeny fe elovetion difaences botween
wenther station sod m
rate of minws 2.3 mm (0.1 o. Hg) por 30 m (100 )
elevaticn Increase oz viow verse fog elevation decreass,

2.1.19 G Dmdtr Determinstion Equi
Tomperatury sansor ad! gﬂ a8 descri
ins«uomzamdﬁlol { dguunlyw,

{ necessory, as bed ln Lhod 3. The tam .
wonion sbal, “profeceb] Uy sttached to
the pitot tuba or samp 3pm in & Azed configuration,

such uma thetip of tho sansor extands beyond tha I
odge of the gn sheath and dose not touch any m:
Alternagd the sansor may be attached just price
to ugs in tha feld. Nots, bowsver, that if the tem perature
sensos is ettached In the flsld, the sansor must, be gohaﬂ
n en {ntarfarance-frog srrmnmene with res
Type 8 pitot tubs o ‘famng' (sos Method 3, Figure 2-7).
As 8 sacond altarnsiive, il o diffarence of not more thea
1 percent in tha sversge velocity mesasurement is to be
introduced, the tem pernture gsuge need not be sttached
to the pmbo oF pitot tube. (This altérnative s subjest
to the approval of the A )

22 Sempls Recovery. The foliowing: tems aze

2.3.3 Probe-Liner and Probs-Nossle Brushes. Nylad
bmbmmwmmm«s.m. wire handlee. The

bs brush shall have extengions (at least as long e

tbo probe) of stainias steal, Nylen, Teilon, of slm.l.\::x
inert material. The brushes shell be pro siged
shaped to bruab out the probe Unu u:

222 Wesh Bottles—
recommandsd; polyethylens wh hrot‘u. may be used
a6 the option ol the tegtar. It ia recommended that scetons

stored n polyethylene bottla for longer then o

Chemically

2ol

m;%&gs' Qlags 8 le Storsge C
tant, borosilicats glass

to chami:
lmbomuhuobm!oun to be less prons o

Alternativoly, polysthyisne botties may be
. :

22.4 Potri Dishes. For Alter hs,uhﬂot
sthylons, unless ctherwise by the
istratae,

3.32.8 Gradusied Cyl!.ndcr and/or Balance. To me&
ure condensed water an!m]ml;.Omdm
gﬂndﬂnshnﬂhawsubdlvﬂﬂmmmt

balances are capable of welghing to the
nwmomsorlea Any of thees balanocss i3 suitable fow

uss hers ln Section 2.3.4.

' Alr-tight

236 Plastic Storage C

19 store silics ged.

22.7 Funnel and Rubber Policeman. To eid im
of siliem gol to contoiper; not necesmery if silles

ldmwm in the fald.

238 G!mnamlmmummmph

&MF@M&mewmtb

QGlass Welghing Dishzse,

Deslccaton. L.

WWommﬂmun

Balanes. To mesams to within 0.5 g,

Beakaers. 260 mL
Hygromstey. To meagure the relative humidity
an vironmang,

i,

237 Tem Quaugs. To measars the tempern
tare ¢f environment,
3 Resgrets

b’au mmmmmmwumu
3.13 Fitas Olws fiber filters, withoas
binder, exhibiting at least 39.03 &oﬂdsw{K&m

pcmm Lradion, on O.J-mc‘ dlm:tyl

smoke partiol ¢ fihar oficiansy tewt

ductad in ABTHM siandard ma.hod D

286-71. Test dets from the supplier's Q ¥y conired
2 ?MWMM”M G to 18 )14

i t
previcusly used, dry et 175° C (Jﬂm mmaﬁ“
alies gal may be used as recelved. vely, other

B&;ﬁ) grads,
b dae, 'n glese botilep—ia wired. Acetons
rom mstel contal aers pnmﬂyhmthlz

and ahenld mv. be used. % euppliess tmmh
acotos 10 bot;l:ﬂ trom oonulnl!'l'.

Hgnm point shail be applied u‘_

RULES AND REGULATIONS

.u mmmwmmumm

3481 Adetcos. Same o
i WDLT:.CM& 1} hee ¢t ullgd msy be
ng vely, ot L4 o ceants
uosd, subjent to the approval o’l the Administrator.

4. Procrdure

4.1 Samplng. The com.
that, ia order to obtain
trained and esperienced with the test proc
Pretest Propurstion, All the components shall
bo maintained And uuun(od mrdln%to the procedure
geocrbod in APTD-0878, uniess ot specified.

orelo.

Waigh nvmlmmmggonbmo{du«gelln um!m
containers to the nearest Record the total we o
the silica gel pius conmw, on each container, m
alternative, the silica gel need not be preweighed, but
may be wen.hd directly {o its impinger or sampling

bolder kut prior to train assemb g
Check filters virually against Light for Lrregnlarities and
flaws or pinhole leaks. Label liters of the proper diametes
ring machine

on the beck side near the edge using num

mﬂm" of this method fs smel
results, tesiars should be

ink, As sn alternative, label the sh& nf contalners
(gleas of plastic petri dishes) nnd loep m-n in thess
contalners st times

weighing

Desiccats the filters at 20488 C (68*10' Y)
ambient pressure ior at least 24 hours and weigh &t in.
tervals at least 6 houru to 8 constant weight, l.e.,
<0.5 mg change from prev‘iou.l woigthf recard ‘resuits
to the nearest 0.1 mg. each weighing the fiites
must not be elpoled w the lr;’)ontory stmosphere for &
period greater than 2 minutes sad a relative humidit
above 50 percent. Alternstively (unlesa otherwise
fled by the Administrator), the filters msy be oveu
dried st 108° C (20° V) lorﬂtoahom's, desiccated for 3
bhoars, and weighed. Procedures other than those de-
scribed, which acecunt for relative humidity effects, may

usotf Sublect to the spproval of the Admln!smwr

4 1.2 Preliminary- Determinations. Belect the sam~
pling site snd the minimum number of sampling points
according to Metbod 1 or ag specified by the Administre-
tor. Determine the stack pressure, tempersture, and the
range of velocity heads u.sum Method 2; it is recommended
that s leak-check of the pitot Unes (see Method 2, 3eo-
tion 3.1) be od. Determine the moisture content
using Approximation Method 4 or lu alternatives for -
the p! of making isokinetic sampling ratc settinga:
D ae the stack gas dry molecular weight, a8 des-
cribed in Method 2, Section 3.6; iL. integrated Method 3
sempling is used for molecular weight determination, the
integrated bag sample shall be taken slmulu.naoualy
with, and for the same total lengih of time a8, the par-
ticalate sample ran.

Select 8 nozzle size based an the range of velocity he‘dl.
such that |t {8 not necessary to change the nozzle size In
order to maintain isokinetic sampling rates. During the
run, do not change the noztle size. Ensure that the

per diffarantial pressure gauge s chosen for the range
o( veloclty heads ammtered (soe Beclion 2.2 of Method

Belect & suitadle probe liner and probe le,
ints can be samp For

sampling time greatee than or

the minimum total sampling time specified in tat
procedures fof the
SAImp.

gT!

and (2) tha sample volame taken (co
conditions) will excesd the requind minimum total gas
sample volume. The latter is based on sn approximate

gﬂl Pomt be an integer or an integer plus one-

minuts, {n order to svold timekeeping errors,
In some circumstances, o.g., batch cycles, it may be
necessary to sample for shon.a' times at the traverss
obtain smaller gas sampie voiumes.

0|
Just prior to agsembl arundlnmgl:nthubomw
thl(h)mlolv in each of the first two lm
leave tbe third meln[er empty, and transfer upprui-
mately 300 to 300 g of prewelghed
con to the fourth im inger.
ussd, but care should dbe
entnlned and carried out from the
sampling. Place the container in & c}enn

use {n the smmple recovery. Alw'nsdnly, lhovdghtd
th-duam m\mp be determined to the
P ang o fwe Toves,

ng & twessar or
g]lwnahbou(ldnmm:n volahed w{nm
urbnlda Be sure thet the Alter is properly centered

thcmmmuﬂyphmdnutomm(h
sample gas stream from circumventing . Checlt
the for tears efter assambly is completed.

pling potnd.
8ot up the tnh a8 In Pigure &1, ulh:
Puhc coet of silicone grease on

grease. Bu joctto o approval of the Administrator, a
lass cyclone may be between the probe and filter
ider when the total particulate cateh is expected to
exceodk 100 mg or when water droplets are present in the
stack gas.
Plnco crushed fes around the lmplnm

4.1.4 Leak-Check Procedures. -

4.1.4.1 Pretest Leak-Check. A Ynﬁd
recommended, but not required. lf the tatu opa u
eondli,c‘t n::.d. pretest leak-check, the lollowing procedure
shall

After the sampling train has been assembled, turn on
and st the filter and probe hesting nymmutbodulnd
opersting temperatures. Allow time for the temperatures,
to stabilize. If @ Viton A O-ring or other leak-(ree connee-
tion i3 used in sssembling the probe noztle to the probe
liner, leak-check the tredn st the sampling site by pl
ging the nossle end s 380 mm (um.u".')'
VACUUm.

NoTs.~A lower vacuum mu be used, provided thet
it u not exceeded during the test.

Ann.bestoumn is used, do not connect the probe
to the train during the leak-check. Instesd, leak-check
the train by first plugging the inlet to the fiter bolder
(cyclone, if applkmbh) and pu. s 380 mm Hg (15 In.
Hg) vacuum (see Note immediately above). Then oon.
nect the probe to the train and leak—check at about 38
mm Hg (fl.n Hg) vacuum; altermatively, the probe m‘y
be leak-checked with the rest of the sampling train, In
one step, at 380 mm Hg (15 ln. Hg) vacoum. :
rates in axceas of 4 percent of the average sampling rate
or 0.00087 m ¥min (0.02 cfm), whichever is less, are
unacceptable.

The following leak-check instructions for the sampling
train described in A PTD-0676 and A PT D-0681 may be
helJ)fuI Start the pump with bypass valve fully open

coarse adjust valve completely closed. Partially
open the coarse adjust valve and slowly close the bypam
valve until the & vacuun is reached. Do not reverse
dirsction of bypass valve; this will cause water to back
up into the Alter holder. If the desired vacuum is ex-
ceeded, either leak-check at this higher vacuum o end
the leak check as shown below and start over,

When the leak-check is completed, first slowly remove
the plug from the inlet to the probe filter bolder, of
cyclone (if applicable) and lmmediately turn off the
vaccum pump. This prevents the water in the Wﬂ
from being forced backward into the filter h
gca gel fram being entrained backward into the third

pinger
41.4.2 Leak-Checks During 8ample Run. If, durln;
the samplin run & component (e.g., filtar assemb
or Impinger ‘Je becomes necessary, a leak-chec
shall conduc immediately before the changs s
made. The leak-check shall be done according to the
froeedum outlined in Section 4.1.4.1 above, except that

t shall be done at a vacuum equal to or grester than the
maximum value recorded up to that point in the test.
If the leakage rate is found to be no greater than 0.00057
m¥/min (0.02 ¢fm) or 4 percent of the average samp!
rate (whichever (s less), the results are acceptable
no correction will need to be applied to the total volume
of dry gas metered; if, however . higher leaksge rats
is obtained, the tester shall ef the 1
rate and plan to correct the sunplo volume as shown In
Se-:tlon 8.3 of this method, or shall vaid the sampling

lmmodhtaly after component ch leak-checks
wre optional; If such leak-checks are dane,
outlined {n Section 4.1.4.1 above shall be used.

4.1.4.3 Posi-test Leak-Cheok. A leak-check Is mande
tory at the conclusion of sach sampling run. The leak-
check ghall be done in sceorduu -mh

(0.08 stm) or 4 percent of the average sampling rais
(whichaver s less), the results are acceptsb
oorrection nesd be applied to the total volume
metered. 1f, howaves, a higher leakage ra
the tester shall efthee the leakage

is
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PRULES AND REGULATIONS

Uons within the sams duct, or, in akaes Whare squip-
all other

oreats s vacuum Lo the fiiter bolder, thus drawiag wats
from tbe tmplngers Into the fAlter holder

Balore moving the mmple train o the ckanup wts,
#emove the probe from the sample iTein, wipe off tbe

omsids of the probs of otber exrusrior
gt iole the sampls, quan
ooodenms

Smntier of any

HIOFUAL SIDIITER, WOU *8Y, 40 1 6D—TRURSDAY, MUGUST 18, ¥977

D=3

>

HtaUrely recover
trom the prede

otber by Figure -2 al least once Clesa the poriholes [xior 40 the tast ren e minimise Faend of the isoiinetic mmoling Mis withot! exoees
‘\:h-mphmml sach time inarement snd hmumWMth ssmnputations. Them DRDATIPA or am
huowmwbmmﬁmﬁtmwsmmt sanpling, remove the oap, verify that the fiier the Typs § pitot tobe sosfiolent 1o 0.8 +0.2 and
T s Ta Bow Toia Laval and baro ibe  fhat s plLot b A3 probe Afs proparly posiones, B squal s R AT TDeT Aetals Ton poosacnrs b
-.mm..ﬁr Beosuse the mancmusier level and sero may oud tion nosele st the traverse m{ﬂmmuﬁ e tbe nomographs If C, and M, are mmg?‘_‘r?:
&ift due 1o vibnations and tampersture changes, make ting d.lrschly 1nto the gms streern. I.‘:medutely stant ve stated ranges G0 DX L the DOMOFTAPLS Unieas
Fuugh-ondnrmcm!mm pump snd edjust the fiow Lo leokinetic eonditions. pmuuaﬂ(-omum'rmmbgnmmm
umogTaphs are svallable, which ald [p the rapid sdjusi- ¢ sompsnaeis for the devistions.
PANT SALIENT TEMPERATRARE
LacaTION BAROMETAI PREEZURE
OPERATOR . . BEBUMED MOISTURE %
BATE PROSE LENGTH, {10
BN N0, 'wozzie ipeTIFicATION NO.,
SAMPLE 80X NO. AVERAGE CALIBRATED NOZZLE BLAMETER, om fin)
METER BOX MO. PROBE MEATER SETTING
METER AHg LEAK RATE, adfmia ictm) .
CFACTOR e o sk e PROBE LINER MATERIAL
BOHE CwWOsS !
MTOT TUBE COEFFICIENT, €, o BTATIC PRESSUAE, man He (i Ng!
FLTER NO.
PRESSURE
DIFFERENTIAL
ACROSS TOMPERA TURE
sTack | vaocim]  -omrice GAS SAMPLL JEPERATURE T ooroas -
SAMPLING | VACUUM | TEMPERATURE] HEAD ETER GAS SAMPLE AT ORT GAS WETER LEAVING
FRTER HOLDER| CONDENSER OR
TRAVERSE POINT TiME ram Hyg (Ts} (arg). & 120 VOLUME [ a4 QUTLET | TEMPERATURE. | LAST MaPiNGER,
- NUMIER Wi.min. | @nHel | OC(°F) [mminp0] R H0] ) | fc*n | tcqn | ecim °C(F)
r
\
TOVAL Avg. Avp.
AVERAGE Avg. . 7
Figure 5-2, Particulate fieid data,
When the stack is under significant tive pramsurs . Nots that when two or mors iralns are tsed, ssparle ﬂmmla:.\dnpch.mwﬂddtbemm
Geigbt of impinger stem ), care to close the coarse anal of the tromt-balf and wlDﬁlClbu?Jme rcfu)mxw any condensats that mhamam.
adjust valve gd.ons inserting the probe into the stack to o¢ trom esch train sball be rmed, unlem {dent- 1%4\05 the silicons grease trom the filter w the
Porat water from becking into the filter bolder. If  eal nosele sises wers used oo all ,in which oses, the Probe was fastaned and oap ft. Ramove the nmbilical
Seoemary, the pump may be turned on with the comrms front-hall estches from tbe tndividual trains msy be eord from the last implnger and eap the Umpinger. It
valve closed oombined (< may the impinger ostches)and ope yuis faribie lne s ussd betwesn the Arst lm&lnﬁ.u o0a-
hen the probe is o post block off the openings & front-half zwimﬂummﬂymollm er oatch  danser and the flter holder, disconnect the st the
wound the probe and porthole to prevant mnrepre- may be parfo:ned Congult with the A.dm] tor for  fQltar holder and et any esndensed water o liquid
ontative dDution of the gas stredm. deotalls concerT. g the oalculation of results when two ar  drain (nto the Lmplngers or condenser Afer vﬁu off
Traverse the stack 0m, &8 required by Method  more trains are Lsed ﬂudlloonomﬁun‘upd!wemwbddvou t and
1or a8 specified by the Administrator, omreful pot At the and of the smmple run, town off the coarse adjust  tmplngsr Either gmnd notgm plastic
% bump the probe nottle into the wack walls when ¥alvs, remove the probe and noctls from the steck, turn %mmmp-my used Lo close Lhese o s
lmbung.nau the walls or when removing or lnserting  off the pump, recard the final dry gas meter ree-ing and er the probe and Alter-imp amembly to the
.t probe through the portholes; this minimises the conduct s posi-tsst leaX-check. as outiined in Bection g:s.mig wroa This ares should be and protacted
ahance of antracting deposited matorial. &143 Also, lsak-check the pitot Unes a2 deacribed in m the wind eo that the shanoss of ooQ of
hD““nl the tast run, make periodic sdjustments to  Mathod 2, Bection 3.1; the lines must this sl chack, Jeging the mmpis will be minimicsd
D the tamperature sround the fllter boider at the in order to validste the velocity b dats uumﬁm of the soetons used claanuD e 8
m’ﬂ loval, add more ice and, if all to 4.1.6 Calculstion of Percant Isokinetic Calcnlate g.n.! & 200 mi of this scelone directly from ihe wash
“"'“lmmtunonuthmm'C(ﬁ Fiettbe percent lsokinetc (see Calculations, Section 8) 10 deter- {le being naed and place it in & glade sarnpe
®odenser/siiics gel outlet Also, pertodically check mine whether the run was valid of anotber test run Mabeled '‘Bostons blank.”
% laval and 1er0 of the manometer should be made If there was difficulty in malntai Inspect the traln fr\ar to and during deassembly and
-uh‘: mdmp ocrm the filter becomes to0 bigh, fsoddinetic rates due to source mdlﬂﬂm.g:nm “dc m any conditions. Troat tbe -
oetic mm difficult to maintald, the the Administretor sor ble verianocs on tsoking w2
mmlb'rvhmd&memjdnof:-m;hmnh e possd Ceatatner No. {. Cardully remove the Bhar from the
feommended tha! ancther complete filiar sssernbl 42 Bample Reco . Proper cleanup procsdure flter boldar mg‘El.-o- tt 1o 1t {dentifhed petrl dish oon
Wed rather than attempting Locgn e the mwn.d begins a5 soon 88 the probe s removed trom the stack st tadner. Use & of twemery and/or chean Qispossble
8 new fler amembly is installed, conduct s leaX-  the end of the sarnpling Eﬁod Allow the probs 1o coal,  sarzicel gloves to handls the fiter. If 1t U4 Decensary to
mms«mnnm) The total ls welght When ths probs ocan miely bandled, wipe off ell fold the filtar 4o 8o such that the particolate caks s
IncJude the summstion of all fi)ar assembly catches.  erternal Tzu.l.a&e mstter Detr the tip of the probe lngde the said. y tandder to the patn disb any
+. A tingls train shall be used for the entire sampls poctle and place o ca ovsnwmthmumﬁlu culste meiter andior fiiec Sbers which sdhers o
:am in cases where stm11itaneous mmpling b ¥ L\Tr-‘i] perticulste matter. Do not cap off the probe Up Ughtly flter holder gaakst. b uﬂuu ary nylon bristle
%0 o1 more separate ducts or st two ar more erent  while the sampling Lralo i oooling dow®s as this would  brush andjor 8 shar ad blade Lire 000 \ad Dor
Contatmer Ne £ mmw-mmmm

dows not

partoaiate
BOELle, prebe



nmnubuo'x

Carefully remove the pasie Goaele ad cloas the inside-.

awrfece bY rising with acetons from & wash bottle and
brusiing with & nylou bristle brush. Brush until the’
acetone rinss shows no wisible pariicles, aftar whick
nake & Anal ringe of the {naide surface with scetons.

Brushmdmmmohuldcwmduus ha
ftting with acetene in o dmiler wey untl] no
particles remmain,

Rinss the probe Tiner with scetonre h{nm"“ and
rotating the probe while vuun.mY acetoiie Inte its uppee
end so thag all nside suriaces will be wetted with ace-
1one. Let the acetons drain from the lower end into the .
sample container. A (unnel (gha u po!yelhykm) may
be used to aid ia transierring liquid weshes to the eon-
tainer. Follow the scetons rinse whh Y probo brush,
1ald the prabe o an luclined pnddan.srpulﬂ.uetom
into the uppe end as the prnbe brusb i3 being pushed
wub 2 twrising solles through the probe; bold lnmpb
container underneeth the lowsr end of the probe, and
ol eh end partieninte matter which s
brushed lvm the probe. Run the brush the
probe thres rimes of mory ant 0o visible particulate
wmatter i3 carried out with the acetone of until none
remains In the probe Hoer oo visual inspection. With
<airdedd steel or other mets! probes, run the brush
through ln tha above proscnbed manner st least siz
umes since metal probes have small crevices (n which
pariiculate metter can be entrapped. Rinse the brush
with and quantitatively cnlleet these washings
i the sam container. After the brushing, make &
nnuneuamnnu of the probo ss described above,

It is recommended that two people be used te cleald
the probw to minimise sampie lorses. Betwesn sampling
runs, keegp brushes clean and protected from oon!
tuom,

After ensuring thst all joints have been wi clall
of silicons greass, cloan the .nside of the frout
, titer holder by rubbing the surfaces with a nylon brtﬂb
brush ringing with acetce. Rinse cach surfses
thres times ur more {f needed to remove visible particos
late. Make o Gnel rines of the brush and Sker bolder.
Cudqu rinse gut the glass cyclone, also (if applicable),
Aftor all scotone w 0 ad particulote meiler howo
b«n collected in the sumph container, uxhr.en the lid
the sampls ecntainer 2o thas scetoDe will not leals
um whan |t is smpped to the lsborstary. Mark the
height of the fluid level to determine whetber or nes
leaknge occurred Label the containes
10 clearly

s conlents.

Containes Ne. hou the color ¢f the indicating silica
goite #1t has been com pent ke
8 notstion of its condition. Transfer the silica gel from
the fourth impinger o its originsl con and seah
A tunpel my mm it easiar to pour the silics gel without
«plmﬁ rubber policamen mey be used ae an ad im
remo
Decopsasy (@ fesaove SMOURL
that may adhers to the impinger wall and are dificult
te remave. Bince the fum m waight 8 to be vmed for
mowsture calculations, do not use any watef or othee
1 o tronsier the atice gel. If & halence is evailable
12 the ﬂeld follow the procedure for wnmnor No. 3

in Bection 4 8.

Linpinger Weter. Trest the impingers as lollovs Make
s notation of any color of film in the liquid catch. Measure
the liquid which is in the frst three 1mpingers to within
=1 m] by using & gradusted cylinder or by weighing it
to within %0.5 g by using & ce (if one is available).
Record

ths vo o of Bqud This
nformadion is required i calculsts the Foare o ]
of the offfuent

Dmmmmm and recording the
volome or weight, unleas anal the impingsr caish
18 required (sed , Bectien 2.1.7),

H & duferent \ype of condenser i usd, mearsore the

mt o d eithar volumnstrically ar

such s the one shown in FMH
onntaanes a2 followes

Nas. 1. mmmnmmmp“
containet of tranafer the Glter and lnL-
frora the nmpheomumw-wdg vel(mn(dhh.
Desiccata {or 24 bours in & deiecator contauning anhys
drous calciom fuifate. Weigh to o constant weight and
report the results (o the nearest 0.1 mg. For purposss of
this 43, the tarm * mmnt'd‘h"maml
difference of no mars than 0.8 mg or | percent of total
weight loss taro weight, vacham ia greater,
two conserulive wegkings, with 50 lam than 6
dasiceaiion time batwesn weghings,

Ei

”

ng the silia gel from tbo impinger. It is not |
aoal of dust

‘

Run Na,
Filter No. ___ b
Amount liquid lost during transpost’

Acetane blank volume, mé : i : :
Acetone wash volume, mi
Acetone blank concentration, mg/mg (equation 5-4)_
Acatone wash blank, mg (squation 5-5)

WEIGHT OF PARTICULATE COLLECTED,
CONTAINER- |} mg - - -
NUMBER -
FINAL WEIGHT | TARE WEIGHT WEIGHT GAIN
' §
2
TOTAL |
Less acetone blank i
Weight of particulate matter. | /-
VOLUME OF LIQUID --
WATER COLLECTED !
IMPINGER SILICA G&.
VOLUME, WEIGHT,
. m, , g
e — —— - =
FINAL
INITIAL | B
- LIQUID COLLECTED T
TOTAL VOLUME COULLECTED | -9t ml

¥ CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (1g/mi}.

INCREASE, g.
19/mb .

3 VOLUME WATER, nb

, Figure 5-3. Analytical data.

FIDERAL RSGUTER, VO, 43, NO, 140—THURSDAY, AUGUSS 1§ 199"
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Y . d
the samphe ot 106 ° C (X0
z.,-m le, 804 use this walght as & final weighbt.

Onle No 8. Note thelevel ofliquid in the contalner
snd ooofirm on the analyuis shest whetber or oot makage
securred during transport. 1f & notlosable amoont of
lakage hes cocwred, sltber void the ssmple or use
methods, subject to the approval of the Admintstretor,
0 correct the final resuits. Measurs the liquid in this

, gotaiper eltber volumetrically to a1 or gravi-
metrically to +0.8 g. Transfer the contents to s tared
§0-m! besker and evaporate to dryness at amblent
tampersture and preasure. Deglccate for 34 bours and
welgh 1o & oonstant weight. Eeport the results 1o the
sagrest 0.1 .

Oontsiner No. 8. Welgh the spent allioa ge!l (or lﬂlmm
pius Lmpinger) to the nearest 0.5 ¢ using & balance. T

' #ap 1y be conducted in the field.

"Aceion: Blant'’ Comleiner. Measure mostons in this
tainer either volumetrioally or gravimetrically.
oer the soetone to a tared 250-In] beaker and svep-
to dryness st ambient tampersture and pressure.
s‘u“‘mu for 34 bours and weigh to s contsant weight.
l.rort the results to the nearest 0.1 mg.
01E.--At the option of the teater, the contents of
Container No. 3 a2 well as the acetone blank ocontainer
may be evaporsted st temperstures higher than ambi-
snt. If evaporstion 13 done at an slevated tem ture,
the tempersture must be below the boiling point of the
mlvent, also, to veni ‘“bumping,” the evaporstion
must be ly lzi)arvhed, and the oontents of

o beaker must be swirled oocasionally to maintatn an
gven tem ture. Use extreme care, a8 acetone is highly
fammable and has s low fiash point.

3. Culibration

Maintain a lal log of all ealibrations.

5.1 Probe Nozsle. be notiles shall be calibreted
‘before their initial use in the field. Using a» micrometar,
messure the inside diameter of the pottle Lo the noarest

RUBBER

RUBBER STOPPER

TUBING

TLOSED
SLOWINTO TUBING

UNTIL MANOMETER
‘READS 5 TO 7 INCHES
WATER COLUMN

ORIFICE
MANOMETER

&1 Nomsnclature \
4. = Crom-sections) ares of nogele, m? (fi5),
Be =Water vapor in the gas stream,

C.
B

, g/dscm .
= Parcent of isokinetic sam .
=Maximum scoeptable
teat Jeak check or for a obsak follow-
i (003 cm) or 4 peroens of the avesags
/min (0. or roant of [

mmpling rete, mm«’}' 1s Toes.
=Individnal e rate observsed the
Meak cbeck eonducted prior to the e
(=, 3 8....8),
rete observed @uring the pesi-tast

beax check, m!/min (atm).

- = Total amonnt of particulate mstter sollected,

mg
eMolecular welght of wnier, 10 gig-moks
8.0 1bAtmole).
of residue of sddtans afler svapoation,
mg.
= Baromaetric ol the ammpling sits,

Hg
Abeolule stack gas premsare, mm Hg (in Hy).
- ra ‘bmmo pressurs, M0 mm

1
L.

_ WULES AND REGULATIONS

.08 s (0.001 in. ). kiake three mperate messurements
different dlameers sach tune, and obtain the aver-
oge of the measursments The differsnce between the high
d low pumbers shall pot axosed 0.1 mm (0.0 in.).
oD Dovtles beoome nicked, dented, o corroded, they
Mlb:cbr-htpod. od, and r:]mubrzud 53'
"e. notsle shall pwrmanently an
: 7 oniqoely
Nuasu,:mt:dhb. Tbo'l“{gn&‘phot tube sesambly shall
s sooording procedurs eGtiined ln
Bection 4 of Method 3.

83 Motering Bystern Before its Initial uee Lo the Aeld,

the metering systern shall be calibrated to the

ure outlined in APTD-0578 lostesd of physically
sdjusting the dry ges metor dia) readings to correspond
0 the wol lest mreter readings, calibration taotors may be
wsad Lo mathematically correct the gus meter dhlrmd.{nn
%0 the {:mper valuss. Belore calibrating the metering sys-
tam, It ls saggested that & leak-check be copducted
For metering sywtems heving disphragm pumps. the
normal leak check ?medun will pot detect leakages
within the pump. For these osses the foliowing leak-
sbeck pi are m%ult‘:d make 8 10-minute oalibry-
tion rap ot 0.00057 m (0. 02 cfm), at the end of the
ran, take the differance of the mesasursd wet test meter
und dry gss meter volumes, divide the difference by 10
to get the leak rate The rate should oot
0.000¢7 m ¥min (0.02 otm).

After sach field use, the calibration of the melering
oystam shall be checked :Jl performing three calibration
runs st & single, intarmediate orifice seiting (besed on
vious Deld test), with the vacown sel sl the
um valus resched during the iest owries. To
odjust the vacunm, insert s valve betwean the wet teat

meter and the lnlet of the metering systemn

the average value of the calibration factor If the oalibra
tion has chenged by more than 8 t recalibrats
the meter over the mnge of a8 ot

Hoed o APTD-0676.

Alternstive prooedures, ¢.g ., osing the arifice metar
oooflicients, may be maed, mibject to the approval of the
Administrator.

DRIFICE .

BYPASS VALVE

41781

dry gas meter sosfotent valnes ottaloed
s tesl perien Aiffer by more than b ont,
ther be volded, or ealctlafions for
be parlormoed using whicbever meoter
., bafore of afler) gives the war
e velome
Oslibration The probe beating
brated belore i tnitial ase fo the
procedare outiined in APT D—0676
Ww to APTD-058) need not
ol on exrves in APT D-057¢

.4 Temphrature Osoges. Use the procedure o
4.8 of Method 2 to oalibrate inetack tezopersture
Dia) thermometars, such s are osed for the dry
metar and sondenser outiet, shall bs ealibrated
egainst meroary{o-glas tharmometars

5.6 Leak Cback of Matering Systern Shown in Figurs
#-1. That portion of the sampling tralo trom the p
10 the orifice metar should be obeck od E-!olw ta!

44
H
il

i

cf
:

igsé
ek
= gY:ﬂ

4

4
i
£

i
!

-
i

pled The folo proosdurs is
&H).Ckﬂtbemﬂnmnww‘mum
s ope-bole rubber lopper with rubber tobt
sitached tnto the orifice axhgust pipe Disoounect 1:3
van! the low gide of ths orifice manometer Close off the
low @de orifice tap Pressurise tbe sysiem to 13 to 18 cm
(8 to 7 in) water eolamp by blowing (nto the rubber
tabing Ploch off the thbing and obeerve the manometer
for ons minuts. A Jom of pressury oo the manometer
ealmtuchdml.b-mbm,w.l.l!ml,mm
ootrected

5.7 Barometer Cmlibrate agalnst ¢ marcary berom-

lar.

& Oaloulations

) omnlcnhum,mﬂnlmuhm‘mc-trs
fgare ond that of the aoguired data Roan

off figures after fins] oalcnlation

Other forms of the
equstions may De ased s loag a5 they give squlvalent
resuile. -

VACUUM
GAUGE

AN VALVE
CLOSED

AW-TIGHT
four

Figure 5-4. Lasak check of meter box.

R <13eal ooustant, 0.05286 mm Hg-w?/ " Kg-
Fooke &[ﬁ&'» (o Hg-ft3° R-lb-mole)

¥a wAbsolut ;vwadrygawnmyt‘m
% Figure 5-2), °K (*R).

T, @ boolute sverage stack gas Enpernture (see
Flgure £-2), °K CR).

Toa es\‘.mdard sbooluts tempaecatnre, B3° K

* R). ]
Ve w{'olumo of acetons blank, ml
V. @Volums of scetone usad in wash, ml.

* .Vw- Tota! valume of u$md aol.\act)u;ﬂn Lnpinger
Vo= Volume oln(.swph at meakured by 6y g
meter, dem
Vs (o) = Voluma of mmplk mesured by the &ry
) metar, v to gandard canditions,
[ 4 A 1!'J (dsg!(r tee tn the g
’olum water vapor
or) aw-ma;d to ptanderd conditions, s

¥,= Gtack gas valocity, ealculated by M EY
ustion 30, osing Gsis ocb@ined from
thod 8, mfeec { )

,=Welght of residua in sostomw wesh, mg.
= Dry gus meter calibration mctor.
&H = Avarage pressure dlfferential scroms the orifice
ter (a2 Figurs 5-3), mm HeO (n H,O)
mg/ml abal

[l Ity aof mostons, [ oa
)

o.«-mm]w of wedw, 0881 g/mi @ommn
}

¢ Total smpling time, min

* ¢ =8ampling time tnterval, from the beginning
o & run until the fAret comnponent-obangs,

ain f
& oo anm‘::l:;
s ocmponsnt ,
mmwnfommmm-md
ehanges, min.
$y=Bampling time tnterval, from the final (w)
- eomponadt change untl the end o the

eampling rn, mio
23 6=8pecific gravity of meroary.
80 = Bec/min

3
exifice drop Bes dats sheet (Figurs 52,
@ Br‘y.“n . Correct mmple volurme

by the ter to standard conditions

E CE m’m g:“rmr, % @ in. Hg) by oming
AR
P"'+W.6

] e

. «KV.¥ P._.+(;H/l36)

Bguatioo -1
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RULES- AN REGULATIONS

[ ¥4 Am Wesh Dlank.

W ’C.Va-lo Eq P

Total Particulste the total
eatch

a8 Weight. Delamine
of the ta obtained
from the sum 'dth(’_

o more mmpling
6.9 Particulate Concantration. -

¢,=(0.001 ﬂ/mﬂ) (”‘-/V- (IQ)

Fquatien 58
Equstiea $3 4,4 Conversion Factonm )
P RT v
Vewa=Vie wI\Ps =gyVie
- n From To Multiply by
'}“ommwmh metrie units
"=0.06707 19/l for English unita. Ly e T,
€5 Moistore Contmmi. mp ibe 2 208X 108~
B' - V-(.‘-D v
T Vet Ve nwr ) -
611 TIsokinetlo Varistion.
. Equation 53 €111 Calculstion From_Esw Data. ..
12100 T (K, ¥iu + (Vo T) ( Pray+ AH/13.6))
600, P, A, Equstion §-7
8.V R.P.AB Availatie
Aym$. 003454 mm Hg —mi/ml—*K for metric units. Xum-urnn"&uon'!‘: we"hyl:sucfemeu of Low-Range

=g, in. Hg—fWml—°H for E
by Hg fml uemunm

T Ve (ssd) Pona 100
Tnd’l’A-P 60(1—3..)
K TV {o0d)
T PV.A(1-B.,)
Equatien -8

where
K= 4 320 for metrie units

= 0.00450 for noakis.
413 mmm 11 90 percent < I <110 pese

eant, the results are acceptable. If the results are low Im
oomparison to the standard and I s beyond the acoapt-
able range, or, if [ is less than 90 nt, the Adminis
trator may opik to accept the r ts. Use Citation 4 to
make judgments. Otherwise, reject thoe results and repest
the test,

1. Bitliogrephy

1. Addendum to Specifications for lncluentor Testing
ot Federal Facllities. PH8 NCAPC. Dec. 8, 1087,
1. Martia, Robsrt M. Construction Dotalls of Iso

kinetle Boures-Sampling Equlpmen& Enviroamentsl
Protectioa .p Research Triangle Pat, N.Q.
APTD—M 1971

(o] c: I Mﬂsﬂonm 8am, o iray ing Eqai L
pdtmn 80, urce qaipmen
Environmented Protecuon Annc Em "Ig!
Park, N.C. APTD-876. M,
4 8mith, W. 8. BR. T. suge}am and W, 7. Todd
A llu.hod of !nwpnu.n( Stack Semphng Data. P
Presented at the 63 Annual Mesting of the Alr P
L% Contral Associstion, 8t. Louls, Mo. June u—u,

5, Smith, W. 8. et ol Btack Qus Sampl
and 8 m New tquipmt. CL rm
No ﬂ 119. 1997,

pecifications for Incinersior Testing ot Fedecnl
MBMPEB NCAPO 1000,
P, ts (o the EPA Name-

1. Bmleh Adfast men
M?ma Pitot Tube Cosficiants

Octobs, l"".

. .

Gas Veloeities. U.8. Envuonmenm Protection Ag
E Branch. Research Tnm

Fark RC. November 078 (unpablished
u ovem paper),
A:én;lu Book of ABTM Standards. Part 28

n-.
Fuah; and Cake; Atmoq)hedn Anl.\ Americom
Society for Testing snd Materiala, P phia, Pa.
1974. pp. 617-622,

Mrraop 6—DRTERMINATION OF SULFUR Drioxipg
EM1s@oNs FROM BTATIONARY S8OURCES

L Priucipls end 4pplkd¢#'7 .

1.1 Principle. T\‘: smmple {s extracted from the
snmpﬂncpmmlnt stack. Thw sulfuris acid mist
uocluding sulfur triozide) and the salfur dloxide are
The sultur dioxide fraction is measured by

the barium-thorin titration method.
1.3 Applicability, This method is applicable for the
determinstion of sulfur dloride amisscions

has besn determined to be 3.4 mulligrams (mg) of SOym?
(2.12X10 1b/ft ). Although no upper limit has been
established, tests bawe shown that ooncentndono .3
high a3 80,000 mg/m? of 80: can be collected efficlently
in two m.idget Lmpingers, each containing 15 milliliters
ol 3 percent hydrogen mdo at & rats of 1.0 lpm for
nutes. Based on L tical calculations, the uppee
concel‘n.nﬁon Umit in & 20-liter sample is about 93,300

m A
y:dbln {nterferents are free ammo water-soluble
caulons, and flhuorides. The cations and fluorides are
removed by glass wool filtersand an hopmwnnl bublﬁ
2nd henos do not affect the 30 analysis. When sam
are being taken from s streamn with bigh concentrar
tions of very fine me o fumes (such a8 n inlets to
control devlc&) ¢ high-eMciency glass fiber fAltar mast
be used in phuouhe glass woal plug (lo.. tha one im
GM probe) to remove the cation intecfere
interferes by reacting with 801 to form
P-nlcuhusumumdbymc ng with the indicater.
{ free ammonis is present ('.mamnbtdourmlmlb,
knowladgs of the process snd notlcing te pardoulats
maitar in the probe and so: opuml bubbl«\ altarnge
Administrae

tive m subject to the s

tes, USB, Eavirenmental ?: Uon Agency, are
raqalred.

3 Apperstwp

FEDERAL REGIITER, VOL 432, NO. 160-—THURSDAY, AUGUSE 18, 1917
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THERMOMETER

PROBE (END PACKED* -STACK wALL MIDGET IWPINGERS

WiTH QUARTZ OR
PYREX WOOL)

SILICA GEL
-ORYING TUBE

RATE METER ~ WEEDLE VALVE

Figure 6-1. BO2 sampling train. SURGE TANK
8 sm_.nmmummrgx mpbmawmwimmm T the siliac & Reagvads
-, eomponent perts Qiscomed below, ) has bean nsed previous! ! asr .
n L&'},&%Aﬂx Unlew otberwiss ndicated, all resgeris meas ssndorm

e
tanter has the option of sabetituting equip- bours. New silics gl ma
Bant described o Method § In piace of the miden: im.  $ivaly, ober fypes of Aesiocants (equivaknt o becter) A9 the specificaticns stablisbed by the Osmmities su
equipment of Method 8. or, the Method 3  masy ?d { to nlol‘anAdmlnm. Raagunts of the Amarican Chamical Bociety .
. m&wwm&w.uﬁn&gm m’:” sloe. Needls Sadagulete mmpls gas Sow Wn—-ﬁm—mu
isopropanal impioger, oparstion K svallable )
ol the sampling train and sample analysis most be st 818 Pmp.w-a-dmm p,ctﬂvk- L1 Sam .
$be flow rates and solution volumes defined in Method 8. slant, 1o pull gae through the Ioetall 8 tzmad 811 Waler. distilied to samderm S0 ASTM
Tbe taster also has the on of determining 80, bﬂvmtbomwdnumwﬂmmm specification D1R-74, 3 At the eption of the
slmoaneoualy mh;-n.wmanaamm palmtion effect of mmpmmmw4 analysi, the KMnO, test hor axidisable arganic matter
wmtmumby(l)r-.mdum.mu.mms 219 Rate Meter. or, or squivalent, eapsble M8 bﬂnm-d'b-nlﬁmdmk
im m'ilh“mam de solution, or measuring Sow rate to within 3 perosnt of the selected are Dot sxpected to prwest.
abvnphdn(t M s watar te of sboat 1000 ea/min. 312 leopropanol, 80 parosni Mix 80 m) of
th s M odlhown:nd-ﬂh.-ptvndem'rbo 2110 Volums Meter. o meter, sufficiently With 30 ml of daionised, distilled waler. Check sach ot of
Soalysis for BO, mnst be osnsistent with the prosednre to the sumpée volame within 9 percent panal for paroride (mpurithes a¢ follows. shake 10
= aalibrated 81 tbe seiected BSow raie and conditons Ml of lopropecol with 10 m! of freshly 10
211 Probe tain) teel (sthar y .v_._% m and pwrosnt po jodids sotution. Prepars o by
tion may be used, sabject to the tamperaturs gaage ( tharmometer, or squiv- Shmilmrly tresting 10 ml of distllled waier. After | minnte,
of Administrator), y ém dmt&-flbhd_ﬂﬁlw fead the sbsorbance ot 882 on e
de diameter, With s heating Fywtem to prevent water 9°C ). Lo oxoueds 0.1, repect o

#tack) 1o remove particulets matter, {ncloding salfuric  weer capsble of massring stmaspbertc prewure Lo within ' ms from redis
of h'-u:.cw-ymw. lJmmB:(O;lan(Lany?‘.Kbew&c mbymm-mﬂdmm
pingers. One midget bobbler, reading may be obtained from » nees y national wes aitabl 'bvhw'domhv‘h Y

»
[
wr
[-]
-4
[~

with medium-coarse glass frit and barosilioats er Quarts @mrvice stalion, in which oase the staticn value (which
ﬁl'mlrdodlnmp'uuhms‘l)wpe“em s the abeol le barometric pressurs) shall be requasted I souroes  Rejection of eontaminated lots may,
mifurie acld mist earryover, and three 30-ml mi and ap adjustment for elevation differences between N'h‘tbﬂmmmwtrw-dmA
fnpingers. The bubbler and midget mmmmn:‘;: the weatber station and sampling Mntmuhe-gglad 313 H)drogeo Pquxide. Parcant. Dilnte 80 t
wnnacied in series with deak-tree glass connectors. Bili- ltln&co!mmm!.smmﬁ;(o.lm.ﬂ.epul)m ) Pl-'“ﬂde 1:9 (v/v) with delonised, Ued
404 rrease may be need, if Decessary, to prevent leakare, alevation Increase of vice verm kr vation decreas:, "t'ﬂ 30 m hmdledw-m 3. trash dally.
At the option of the tester, 8 midget impinger may be $.1.13 Vecuum Genge. At Jeast 780 mm Hg (30 in. uo“ ’M‘l lnm odide Balation, 10 t. Disscive
#mad tn place of the midget bubbler. Hg) gsage, 10 be tsed for leak cbeck of the mmpling go° FWRY ddmhdm , distilled water and dlule to
Other collaction abeor! and iow rates may be used . i
bt are aobfect to the approval " 43 Sampie Recovery. 31 Sample Bacovery.
g“-ﬂf&mmchnnmmhﬁg&:wuau "n‘;u Woah boties Peiyethyiens o gham. 80 ml 33} "'«-Dﬁm:d-%-:nl;m.l.
paroen sach test run m documented in . . 80 Parosnt. sprepanc!
b 1f the afficl hlmmd‘?;bb:wmhm 843 Storsge Botties. Polysthyians, 100 ml te stare '13’0!“’“ Qistilled waler.
4 of thres tests, docurnen 13 mot u?lucnm (s per mample). e THAe will .
Dquired. To eanduct the eficiency test, an @trs sb- 3 Apalysis. 333 Imopropsnal, 300 t
EUR be sdded and analyred mparstaly. This D-L)mﬁ‘{mm"‘-m““" 233 Thorln  Dndiesior b >
@ total 80, oot b of '3 Valumetric Fiaaks. 100-tul siee (ons par sxpie) :Dhmmm l&m.l w squive-
1) Glas Weol Borosilioste or quarts. and 100-4m] sise. t. Dimolve 030 g in 30 m) of éeicuised, distilied
L14 Sopcock Cresse. Acstone-neciuble, hest- 333 Bursiim. b-and $0m)shes water .
Sadle silicons greass may be tsed, if necessary. 854 Rrienmeysr Fiasks 30 miaise (ene for sach 43¢ Bartum Perchlorsie M0 N Dr
. &L Tempersture s. Dial thermometer, & , hiank, and standard). .l'ﬂllmlhﬁuml:mhmm Ba(CIO0-
, 10 massure tam of gas lesving tm- ping BotUe, 136-mi sise, $0 add tadicetor.  $8,0] in 500 m) distilied weier and dllote to 1 Hier with
alh 46 within 1* C (38 F) 238 usted Cylinder. 100-ml €lbe. Altermativaly, 153 § of (BaCly 1H:0} may
Li8 Tube. Tube packed with 6 9o M-mash 137 Spectrophotameter. To Eessars abearbance st lm.ddmmAuan...
fadicating (ype silics pal, ar equivaient, o éry the gas 888 BencEDsters . vy
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¢

135 Sulfmis Acdd 0.0:) N. Purchess @ follows: 8 Yaeuum sl the inlet to the drylng  wheres
mmw‘mmommnnwavm tubs an punlmuumol&mm(lom)ﬂx:pluw
bes previotaly been standardised potastum  plnch off the outiet or the flow meter, and then turn of  K;=0.3808 *K/mm Hg for metric unita.
ecid phtbelats (primary standard grade pump. The vacuum shall remsln <table for st leass -17.64° Hg for English unita. 3
4. Froomtwea, . 20 ssoonds. Carefully relsase the vecuum gauge belxe 63 Sulfur diaxide conoantretion.

- releaging the flow meter end. v N soln )

41 Sampling Next, calibrate the metaring systam (st the smm (Vi—=Vu) N 7

41.1 Preparstion of collectien mlof f0¥ mte {ed by the method) as followa: conn Ceo=X, : r)
20 parosnt (sopropancl Into the midget bubbler and 1§ 8D 8ppro Kdudntusmew(o.‘.,luwp. 80y $ V_‘_.
mlof3 t hydrogen peroride Into esch of the firgg revolution) to the lnlet of the drying tubs. Make thres e
teo midget {mpingers. Leeve the finel mi im {ndependent calibration runs, st least five revoln- Equetion 6-3
dry. Assemble the train as ahown in 61 X‘u‘ tons of the gas meter run. Calculsts the calibre=  where:-
probe haater Lo & tamparsture sucient to prevent water 1100 f8otor, ¥ (wet test moter calibration voluma divided Ky=32.08 . for metric units.
condensaticn. Plaee crushed ics and water around the ::g.tbs dry mmolum:ﬁgowdvoluma n;umudh ’.: =7.081 10 Id, . for Bngiish unita,

plogwre sams refsrence pers an '
lm"” Leakr-chock procedure. A leak cheek prior to the  Fun, and nu;uo Uu'ruu.lu.&uy vnm:hz:ommby 7. Bdliogrephy - 3

v more than pervean! from av y mowlﬂ

smmpling run ::opdoruﬂ ; WTS': [} ‘wwtadmm:. Systom ls unscoeptable for use. Othm. ase the aver 1. Atmospheris Emimions fm'm Sulfarie Acid Mane.
89 follows: ¥ age 83 the calibration Motor for subssquent test runs. f{scturing Processes. U.8. DHEW, PHS, Division of Alr

With the probs disconnected, plsce & vecmum gauge o 5:1-3 Post-Test Calibration Check. Afer each flald Pollution. Publie Health wu Publicstien Ne
the (nlet to the bubblar and gull & veeuum of 250 mm ‘st saries, conduct ¢ calibration check as In Bection 5.1.1  9%98-AP-12. Cincinnati, Ohio. 1

the " 2, Corbett, P. F. The Determination of 80 sod 80y
(10in,) Hg: phag or plnch of the outlet of the Sow meter, 2078, sxon0Y e (29 foloing rarisbons: (8t e 1o Flas Gasss. Journal of the Institate of Fuel 45 20

Stable far ot least 3 seconds. Corefully relesss the LionS of the dry gus meter may be used, snd (c) only twe “::‘&‘&;Zén....m.um

does Dot deviste by more than & percent from the initisd  BOs and 8Os, Power. [01: 4-97. November 1067,
.1, 4. Patton, W. P.and J. A. Brink, Jr. New Equipment
Other loak check TMW mey be used, mbma calibration fastor (detarmined l:dagctlon sﬁu)‘,:‘:m the antl Tochniques for e I

Protact - 200, hration factor more . Alr Pollution Control Association. /3: 162. 1963,
o2 Aguocy. The prooadurs umed in histhod 518 1157 D iy ymeen sa1m 6 Rom, J.J Maintenance, Calibration, and Operation
not sulteble ©r dlephragm pumps. d for tb the calibration  of Isokinetis Source-Sampfing Equipment. Ofos of
: Saraple collection. Rorord the initial dry gee o000 'l'l'mdmumtmdm).m&?:ﬁn&hm Air Programs, Environmentsl M enoy.
Pling, pasitios he Go or oy e Rrumers. 10 begin - e fo each tost T 4 B e Trangie Pk, NG, APT D076, March 1078,
.god samp! . slibrsts against mercury-tn \lak N
S (he memple “’”":E?"" by gt ear o ll-:: tharmomotort~ _ Sttdyoluau?édrﬁrmgé:ﬁ%nbnolsﬁ’mmmz
sm
g 10 Usor/min 6 indicated by the rothmetar. e Rotamster Thc:gmt_u:modnotbeuﬂbnm Emissions trom Stationary Souroes (Fossil-Fuel Pired
alntein constant rote («10 percent) during the DUt 4o Steam ). znmnmnc Proueﬂn mum:
entire sam Fun. Take resdings (dry gsé meter, ManUfacturer's nstruction. Research Triangle Park, N.C. EPA-050/4-7
tam peratures a,wmw.nduun u?'ouad 5.6 Baromster. Calibrats sgainst & mercury bafoms- December 1978
snd mumn:atc) A;) "n;yti;mum ‘;d‘ Laav 1) ":; B the A‘I. Annv::II‘Bonk of ABTM Btandards. Mla,-l;'l".'.'
ring run to keep Derstur ' Peseti) P Stapdard] : Analysis. A can Boclet ting
leaving the last Impinger a2 30° C (68° F) or lem. At the barium perchlarats soloton 35 ml of sandard . and Materials. Philsdelphis, Pu 1074 pp. 4042
mudmdmhmn.tumoﬂm.pump,mmonroh sulfuric ecid to which 100 ml of 100 parcens isopropansd 8. Knoll, J. B. and M. R. Midgett. The Appllication of
from the stack, and record the final readings. Conduct &  has been added. EPA Mothod 8 to High Suifur Dioxids Concentrations,
leak check a3 in Section 4.1.2. (This leak check is mande- Environmantal Protection Ageney.
) If & leak is found, vold tho test ran. Drain thelee 6. Celculsitsne Park, N.C. E PA-000/4-76-038. July 1978.
! sad n the remaining part of the train by drew~ out calculations, retaining st least one extra .
ing clean amblant air through the syvtem for 18 minutes * 4,0 A SPORC AW, TG SRS O o st Bound  MsTEOD T—DETERMOATION oF NiTRGOEN OXDS
a3 the mmpling rets. - off figures aftar final calsulation. Exmmows PRoX STATIONARY BGURCES
Clsan amblans sir cen be ded by alr N omeneiatare.
through s charcoal filter or h sn exirs midget 1. Principls end Applicabiy
lmpingee with 15 ml of 8 parcent HeOs. The tester may C'..-Concmtndmdnlfnrdbxﬂo. dry bedis .
opt to eimply use ambient ajr, without purification. corrected to standard conditions, mg/dsens 1.1 Principis. A grab sample is oollected in sn evade-
43 Ssempie Recovary. D&on.mct the tm aller . (lb/dsef). . sted flask coatalaing s diluts sulfuris scid-b
purging. D&uﬁtbecommuoﬂhomldmbu bler. Poar N=Normality of barfdm perchiorats titramt, peroxide M% solution, and the nitrogen
the contents of the mi lm into & leak-fres millisqui valenta/ml. except nitroas ds, are measured col
&lnthyhmbot&h for shipment. R the thres midged * Pyar=Barometric pressure st the exit ocrifies of the using the phenacidisulfonic acid (P D8) procedure.
pingers and the co tubes -with deionized, dryﬂw,mmﬂl(mﬂl)- 1.3 Applicsbllity. This method Is applicable to the
distlled water, and sdd the to the same sto: Paam absolute pressure, 760 mm HE mneasurement of ol oxides emitted
container. Merk the fluid level and | (2.92 ln. Hy). souroes. The the method has bean d
nﬂbm?}f‘. Note ot In centat r.-éiwdnum-wmmmm wb.zmm“ NO, (uNO.}gdrymM-‘
m‘- h'd d v N
and omfirm whether azy mumple w logt during Taa=Standard absiute tamperstare, W K  CUDIC meter, withoat having to diluts the ssmple.
mmnﬁ'amthhoam dtg:" Il!d.t.bo pls v, (53. B)&‘ pls all titrated, mb 1. Apperstne
VO SAI| a=Volume of sam qaot :
mmaMgbjmmm;MdeAdmmb V_-Drynam%“wwmmp 21 E.:ﬂ%(&ﬂ(m‘l—l)-g“w-::g
trator, to correct the Anal resul meter, dem . Sywoms pmeat, capable measuring
Transler the contants of the storsge contalner to e V_(,“)-Dry‘-'o&\nmmbyundnl. Wl@hﬂﬂhﬂﬂmﬁmd%&%
100-mi volumstric flask and diluts to exactly 100 ml metar, comrected to standard - volums to allow analytical re
with del distilled wetar. Pipetts a 20-mi aliqnot of dsem (dsef). . thin 6 percent, will be consi: [ Y
this solution into & 260-ml Erlenmeyer fissk, add 80 ml Veeia=Total volume of solution in which the sulfpr Datives, subject to approval of the Administrator,
ollmpcmtl»gr_:‘p.smlmdmmwurdmuo(muh dloxide mmple is contalned, 100 mi. Environmental Protection Agency. The following
indlcator, and o zge » pink cgdpdm us:gg %ome V,=Volumse of am ?‘m ased eq;:plm-nhn.dln sampling: @
iy psat and average the titration for the sam {aversge replicaty .1 Probs. Borusilicate glass tubing,
volumes. Run 6 blank with cach saris of samples. Re, titrations). ple, E heated to prevent water condensation and equi
o must sgrus withia 1 percens of 03 Vis=Volums of barium perchiarsts titrant used  with an Lo-stack or out-stack flter to remove
w inrges. for the blank, mi. matter (s plug of glass wool is satisfactory for this
Y= Dry gas meter calibration factor. gm)o.). Sg.lnl-sudcr'hﬂm'mbln‘ aleo be
(Nom.—Protaes the 0.0198 N bartum peschlorsde 32.08 = Equivalent t of sulfar dicxide, for the probe. Heating is not necesmry if the probe
from evoporstion of all tmase.) 6.3 Dry smple gas correctad to standerd remains dry daring the parging period.

solutien
ndi
S Celtration - o) ( Poas Va P,
&1 Vaew=Va¥ {5 Pos -KIY’T." -umam“mcmmum’:
T - . constitute endorssment by the Envirommestsl
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RULES AND REGULATIONS

STANDARD TAPER, QROUND-GLASS
§ SLEEVE NO. 24/40 SOCKET, § NO. 126
" PYREX

—

Figure 7-1. Sampling train, fiask valve. and flask.

13 OCollection Flask Two-litar borosilicate,
mmm. vlm“m mmpw $4/40 standerd taper
.Fowcud nst on or breskage.

113 l.lls Valve. T-bore stopoock
taper joint.
14 Tempsratore Genge. Dial-type tharmometar, or
bher temperaturs gunge, e
intervals from —& 1o 80° C (35 10 125° F),
414 Vacoum Line. Tub bl of vn.Lunmﬂ
,!'v'mm' ol 76 mm Hg (3in Hg) " ute pressure, wi
318 Vaconm e. U<ube manometsr, 1 meter
08 in.), ;ﬂh Imm (0.14n) divialons, or other o
aiholm ml)nnluﬂu premure to within %28 mm E
317 Pump. Capable of tng the
-l)k:;:’r‘?nnoqmlwcl- than 75 mm Hg (3 in
13 Squeeze Bulb, One-wny.
219 Volumetric Py .!G{nl.
21.10 lwgcoa Ground Joint Oreass. A high-
Wcuam, high-tempersture chlarofinarocsrbon grease s
ired. Halocarbon 25-58 has been found to be effective.
111 Barometer, Mercury, aneraid, or other barom
pable of measuring stmospheric pressurs to within
mm Hy (0.1 in. Hg). In many cases, the barometric
fading thoobmned from & nearby national westhor
g‘*ﬂ sation, tn which case the station valoe (which is
- ?luumwm)mmmwm
- justment for alevation differences between the
-:th-muon and sampling point shall be applied st s
of mingy 28 mm Hg (0.1 in. Hg) per 80 m (100 ft)
dmuu oD (ncrease, or vice verss lor elevation decrease.
Sample Recovery. The following equipment fs

A for sample recovery:
m Cylinder. 80 m) with i-ml &ivisons.
ot e Contalnars. Leak-Oree polysthylene

' POwey

=2

$11 Veinmetric Pipsties. Two § ml, two 2 ml, ens
AR, 300 v 10 ml and sne 38 ml ke r

232 Porosiain Evaporating Dishes. 175 to 380-ml
, one for each sample and

eapacity with Up for
anch standard. The
ml) has been foand to be
po! othyl pentene beak ers

ars used,

. 48006 (shallow-form, 106
Altarna!

mtisiaciory.

alge No. 1203, 150 m)
Slasm beskers (150 m)) may be used. Wheo glass as
og of the beakers may onuse solid matter
to be prewent In the analytical step. the solids should be

repoved by fitration (see Bection 4.8).

233 Biram Bath.

R pl petia or
235 Polyethylene Polioerman.

wach standard
.6 Graduated Cylinder. 100 ml with }-mi divisioos.
7 . 80 m) (ons for each sample),

Unlem otherwise

tlee on Anal
Chemicsl Bociety, w
lo; oLherwise, Dee the best avallable grade.
3.1 Bampling To
esutionsly edd 2.8
delonized, distl)

g

V damsetric F

percent by

‘[l;u;.lot:nnbould
axpase Lo Extreme

82 Sample Recovery.

w-tam ovens or theartmo-
statically controlied bot plates kept below 70* C (1e0* ¥)

. ‘Thres required.
ns for ench sample

ds,

pars the
ml mwoeem‘.nwd Hi80,
. od waler m;‘ﬁu and add ¢
1 t b y
embiond m: mp-'oﬂde sotudon.
ased within | weak of {ts preparstion.

9 Qredusted Pi 10 m) with 0.1-ru! @i visions.
Indicsting pH. To cover the

indicated, it s intended that all

s eoaform to the specifoations establisbed by the
Ootm :J.daumu of the Ameriosn

soch epecifostions ars pvail

ht

Two reagents are regqatred kr
P Meedian Bydragids (IN). Bissotvs ® § NsOH

distilied water and dilute Lo | Huer.
Mo detonised, liod

832 Walw.
wpecification

Deloalsed

0 ecnjorm o ABTM
198-14, Type L At the eption of the

,or

siution
1 e of
ml of 3
fram 30
be sbsorbing

41785

DILING FLASK -
S LITER. ROUND-S0TTOM. SHOKT NECK.
"WITH | SLEEVE NO. 24/40

Py
F
17
E
4

;
'§§
Y [’
g ';
;
f
2
1
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@13 If the ges being sampled con
mht.bocunnruonolglowNo. 8.§., AN 3P~
plicable subpart of the standard may s

RULES AND REGULATIONS
the volume of wetir t9

fized varlable wevelength spteuvphowmo
calibrata sgainst standard certified wavelength of ¢
nm, every 8 months. Alternatively, for variable wave
length spectrophotometars, scan the spectrum betwees
400 and 413 nm using s 200 ug N Oy standard solution &'
Section 8.2.2). If & peak does not occur, the spectropl
tometer is probably malfunctioning, and should be re~
paired. When s {s obtained within the 400 to 415 am.
rangs, the wavalength st which this peak occurs shall be
the optimum wavelength for the measurement of sb-
sorbenos for both the standards and samples.

5.3.3 Determination of 8pectro; phowmow Calitwe»
ton Factor K,. Add 0.0, 1.0, 2.0, 3.0, md40mlolth
ENO: working standard solution (1 ml=100 « NOv to
» saries of Ave porcelain evaporating dishes. To each, sdd
3 mlof nbaorbln( solution, 10 ml delonised, distilled
water, and sodium hydroxida (1N), dropwise, uatil un

H is botvnn ] lnd 12 (sbout 23 to 88 drogn

the svaporation step, follow ¢ umly-
s prueﬂun of Section 4.3, until the solution has bean
transfarred Lo the 100 m! volumetric fissk and dituted to
the mnrk Messure the sbsorbance of sach solution, at the

am wavelength, s determined in Section 8.2.1.

"I%h calibration prmdm must be repeatsd on each day
that samples are analyted. Calculata the spectropbotom-
eter calibration factor as follows:

- A|+2Ag+3A.+4A4
Ko=100 Gy Aot s+ A2
Equation 7-1

whare:
K ,=Calibration factor
Ajy=Absorbance of the 100-ug NO; standerd
Aj= Absorbance of the NO; standard

¥ 8 N
to 88 dro Check the pH by dip) [ Y
amﬂmmdmwmozfuﬂmmdmmmmbmtg'm

delonizad, distilled woter. Add the Al
w to the contents of the volumetric fleak
dilute to tbe mark with deionised, distilled wuter. If
solids are absant, tho soluticn can be transferred

ussd Bection
sJ.l) unngtbo blank solaticn a3 a sero relervacs. Dilute
the sample and the blnnk with equael volumes of delon~
ized, distilled water If the Lnot cxceads A, the
de«m@uo.mmmmm

§. Cuibratisn

8.1 TFlinsk Vohaina The volums of tha collection flasks
ﬂmmvcmbmkmwwbehmpﬁuwmz
pling. Assembie the flesh and dssk velve and A1 wi

used, nflnn maercury manometsr such as specl-
fled in 21.8
8.0 Anal Balancs. Callbrate againsi standard
eights.
6. Cuiculstions
C oat the calculat! ot least ons sxtrs
dec.l::{ figure beyond that of the scquired
off figures calculations.
8.1 Nomenclature.
A= Abscrbance of sample:
C=Concentration of NO, as N01. u:l»
standard

(1b/dse).

P=Dilution factor (16, 25/8, 28/10, ets., required
only il sample dilution was needed to redues
the sbsorbance into the range of calibration).

K.- trophotometar calibration factor.

as8 of NO. as NOs in gas sample,
P,- Final sbeolute pressure of flask, mm (In
Pi=1nitial sbsolute pressurs of flaak, mm Hg ( n

Hpg).
P.u-%und.ud abeotate pressare, 760 mm Hg (29.92in.

)

T/-Flnu abeolute temperature of flask °K °R.
Ti=1Initial absolute temperaturs of flask, °K (°R)
Toe = Standard sbsolute temperature, 293° K (528° R)
Vee=Bam volume et standard conditions (dry

, mb
V= Volume of fask snd val
Vo= Volume of absorbing solu
- 2-‘1?1/2‘. :ho aliquot l'u:tu' 1t ohl.hfh.t.hm s 2%6-mi
quot wae used for ¥ cotrespond-
ing factor must be mbsutuud)
6.2 Bample volumes, dryhans,mtdtouundnd

ml.
on, 2§ mP.

condluom.
Py
Vu V.) [T T‘]
- —_ = s
Ky(V,—25 ml) [r 1"]
. Equation 7-3
whare: oK .
K,=0.3858 m for metric units
=17.64 ‘R foxr E h units
8 o g r English u
6.3 Total ag NOy per mmple.
- m=3 K.A’) .

Equation 7-3

NoTR.—1f other tham 8 25-m] aliquot s used for analy
m.tumlmhr-phcoabylmrmdm

0.4 Sample conceniratids, dry besls, cmTecied tp
standard conditions. .

C-K, r':

Equation 7-4
wheret

Kyee 100 ‘:;d%' for metrio units

=0.243X 10~ ::7:1 for Endilh units -
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lrrlon $—DETEaMaNATION oF SoLrumic Acap Mwe
B.u:n BuLrum Dnoxml lm- FroM Bnmnm
URCES

1. Principls end Applicablity
1.1 Principle. A ;am extracted isokinetically
m&mwnmmmummdmm
u-loxldn) and the sulfnr dioxids are separsted, aod both
fractions are sepamtaly by the barjum-thorin .

1.3 AppUabuny method i3 for the
determination of scid mist (including sulfar
trioxids, and in the abssnce of other matter)

and dloride emissions from statiopary sources.
Collaborative tasts have shown that the minimnm
detectable limits of the mothod m 0.05 milligrams/cuble
meter (0.03> 10~ 7pmm oot) for sulfur trioxide
and 1.2 mq./ml 0.7¢ 10+ lb/l‘t') for sulfur dioxide. No
upper limits have Based on theoretioal
calculations for zm mnuuun ol 3 percent hy
peroxide solution, the up nosntration limit for
sulmrdloxldomllo (ﬂJﬂi)mm s about

12,500 mg/ml (7. 7)(10" Ib/fts). The upper t can be
extended by increasing the quantity of paroxide solution
in the impingers.

{8 are present (t.hlsnnb-detcmlnedhy
Imowtedge 3 the pmou). altarnative methods, subjest
to the approval of dmmm, are required.

Filterable p‘rdcnhu ﬂ"z
with SO, and 80y (su{:gen to tha nppmnl of the A
minlstratar); however m ased for pnrﬂculm
matter musi be consistent wh specifications and
procedures given in Method &

3. Apparetue

21 Sampling. A schematie of the sam trein
used ln tbhmethodhaho'nln Pigure 8-1; it is soiler
to the Method S train except that the flter position i
different and the Altar holder does not have to hand.
Commercial models of this traln are available. For those
who desirs to bulld thelr own, however, comphu ooR
struction details are described in APT D-0681
from the APTD-mll documant and nbh
sre discussed In the following

fications to Figure §-
bmdnm.
The opx and mal for the
puuuunmdmwlnAP‘r mnmmenn-t
usage ls importans in obtaining results, all uss

valld
should read the APTD-0578 document snd sdoﬂ e
operaiing and mnntamm- proeodurn outlined in
unless otherwise spocmul Further detalls
nﬂdeﬂnu on operation and nnlutemnu are given In
ethod $ and should be read and followed whenevet
they are applicable.
1.1 muum&muwawm
2.1.2 Probe Liner. Borosilioats or quarts glass, with 6
eating systam to prevent visible cond.nauu during
mnf)unhbonmu-mem probe Uners.
tot Tube. Same ps Mathod 8, Sedtion 218

-4
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13 Standard (0.
siandardise t0 40.0002 N sguingt 0.0100 N NeOH thet
hae standardised
nnz:l asld phthalate,

R Follow the procedure
lioad in Metbod 8, Bection 4.1.1; Qlters should be
bat need Dot be desiccated, weighed, or Idmd-

RULES AND REGULATIONS

of ench reagect for use w &
200 g of slica gel In the fogxth

Nora.—1! molsture emm ‘:b:o be den.Ln-d

E‘me solmtion, thubun
Lmpinger.

lm
0- weights.

.numum.nuc- ol
us container) must also de.LnAt.o
5 g and recarded.

Muen be considered " 4.1.4 Pretest Leak-Check Procedure Foliow the OJutilned (n Section ¢.1.4.3 of Matbod 5 (with sppropriste
mumv.gonum‘:g:dn;bonubd" e ure outilned ln Method 5, 8ection 4.1.41, modifications, s mantioned in Section 41.4 of this
”Mm.-np,tmm,mpom'm” noting that the probe heatar shall be sdjusted to the method); record ol leak rates. If the leakaes rateld
outlined (n Method S, Section 4.1.2 mmummnm ulndw,gﬂ_v-nteonden- eZosed the specified rats, the tester shall either void the
0o “pre of Collection Train. Pollow the pro- 100, 80d aleo that verbege such | e the. run ar shall pisg to cormect the mmple volama e out-
codare 00 “"-h°4°5°"'-‘°°“’(“°°lf‘ et to the Qlter holder °© * 5, 22578 lined in Bectian 63 of Method 8. mmadistaly after com-
noond and other obvioualy LnAng pl the lnlst to the first meim leak .
s0d use Hlnnndolﬂmnb—l The pretest leak-check i optional, potsnt changes, checks are opdonal. U thess
with p 100 ml of 80 413 leakchecks arv done, the procedurs outlined in Bectiom
m W'IS"IDD Train Operation. Follow the besie procedtres
o pinger, muuds otmlnsdlnunhodb Bection 4.1.5, In conjunction with &.1.41 of Method § (with approprisie
m- both the sscond end lm~  the following special instructions. Dsts shall be recarded  shall be used.
" STATIC PRESSURE, mm He (m Mg, -
AMBIENT TEMPERATURE

LOCATIOR. BAROMETRIC PRESSUAR

OPERATON | ASSUMED MOISTURE, %

DATE — PROBE LENGTH, m (tD

RUN NG, MOZZLE IDENTIFICATION NO.

SAMPLE BOX NG, y AVERAGE CALIBRATED NOZZLE DIAMETER, cm (in)

METER BOX NS, ' PROBE HEATER SETTING

METER A M@ LEAK RATE, ﬂf-iq(d.)

CFACTOR PROBE LINER MATERIAL

PTOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS stCTion . FILTER NG

N PRESSURE > .
v DIFFERENTIAL: . TEMPERATUAR
ELOCITY ACROSS GAS SAMPLE TEMPERATURE OF GAS
STACK (HEAI ORIFICE AT DRY GAS METER LEAVIRG
SAMPLIRG VACNH TEMPERATUR arg, METER, GAS SAMPLE CONDENSER OR
TRAVERSE POINTY TS [ ] (T mm H20 mm H20 VOLUII, INLEY, f OUTLET, LAST IMPIRGER,
NUMBER {6), mia. {in. SO | (e H200 (in. H20) =3 (hY oc (*F) ci*m < (*p
= a—
TOTAL Ave Ave
AVERAGE Ave
Figure 8-2. Fieid data,
Afar turning off the .memm {s to be done, weigh the flrst im plos contents te  distilled water, and add this rins water to the
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PEDCo ENVIRONMENTAL, INC.

MEMORANDUM
TO: Project File DATE: August 8, 1977
SUBJECT: Trip Report - Visit to Magma Copper FROM: V. Katari
Company, San Manuel, Arizona on
7/22/77
FILE: 3287-B cc: L. Yerino
T. Devitt
R. Gerstle

After visiting the Phelps-Dodge Copper Company at Ajo,
Arizona, on July 21, 1977, Larry Yerino and I drove to
Tucson, Arizona, with Larry Bowerman and Bill Thurston of
EPA Region IX. The following day, we were joined by Steve
Schwartz of BAQC, and all of us visited the Magma Copper
Company at San Manuel, Arizona.

Larry Bowerman explained the purpose of our visit during a
brief meeting attended by the following people:

Bill Wood - Magma Copper Company

J. D. McCaine - Magma Copper Company

Art Verdugo - Magma Copper Company

F. C. Davis - Magma Copper Company

D. C. Ridinger - Magma Copper Company
Mike McCarthy - Magma Copper Company
Dale E. Zabel - Magma Copper Company
Ralph Sievwright - Attorney for Magma Copper Company
Larry Bowerman - EPA, Region IX

Bill Thurston - EPA, Region IX

Steve Schwartz - BAQC

Larry Yerino - PEDCo Environmental, Inc.
Vishnu Katari -~ PEDCo Environmental, Inc.

As stated during the meeting, the purpose of the visit was
to inspect reverberatory furnace operations at the smelter,
including charging practices and the flue gas handling and
control system, and also to survey the available space for
an add-on emission control system in the vicinity of the
current system.

Art Verdugo and Mike McCarthy of Magma showed us the re-
verberatory furnace and its emission control system. All
three reverberatory furnaces were in operation during our



inspection. Furnace No. 1 was being charged with concen-
trate delivered by a conveyor belt system. An operator
manually opened the furnace doors on the side (three at a
time) to allow the concentrate to drop into the furnace. As
each charge dropped into the furnace, it produced a big
cloud of dust.

The three reverberatory furnaces are located in parallel,
from south to north. After the concentrate is mixed with
precipitator dust, limerock, and flux, it is stored in
gravity-type feeders. It is transported from storage to the
furnaces by conveyor system. The addition of converter slag
to the concentrate is necessary because it aids in the
formation of a bottom bed in the furnace. Matte, the
furnace product, is tapped near the center of the furnace,
is gravity-fed into laddles, and then is moved to the
converter area. The slag formed in the furnace is tapped
near one end of the furnace and flows into slag pots, which
are hauled by rail car to the slag dump.

Exhaust gases from each furnace pass through a set of two
waste-heat boilers into a common balloon flue, then through
an electrostatic precipitator header to three independent
electrostatic precipitator units. The treated gases pass
into a common header and then are vented through a natural
draft stack operating at a negative pressure of from 2.0 to
2.5 inches water. A manually controlled header installed
underneath the gas header collects any dust carryover. A
bypass duct connects the balloon flue to the common header
for the treated gases. A duct system is installed to take a
bleed stream of treated gases to an SCRA* pilot plant, which
is not operating at present.

Each electrostatic precipitator consists of three fields,
and two hoppers, is equipped with inlet and outlet dampers,
and each ESP can perform independently. According to Magma
personnel, each precipitator inlet is installed with one
diffusion plate. They do not know, however, whether the
transformer-rectifier (TR) units are working efficiently, or
whether any air infiltration sources are present in the
entire gas handling and treatment system.

Heavy material collected in the waste-heat boilers is
charged to the converter, and fine dust is charged to the
reverberatory furnace. The ducts are periodically cleaned
to remove settled dust. The matte and slag areas are
hooded, and the collected gases are exhausted directly to

* Smelter Control Research Association.



individual stacks. Magma personnel believe that particulate
emissions from matte tapping are negligible; therefore, they
have never conducted particulate testing under the hood
system. Some sulfur dioxide may be emitted from the tapping
hood area.

Magma personnel indicated they have never tried to pelletize
the converter slag before adding it to the reverberatory
furnace.

Usually five converters are operated and one is held as a
spare during the operation of all three reverberatory
furnaces.

Magma is planning to convert their reverberatory furnaces
from oil and gas firing to coal firing. They predict that
they may have to improve the waste-heat boiler system and
flue gas handling system. They are also prepared to install
any required add-on control system. The EPA Region IX
informed Magma that the facility will be subject to NSPS
regulations. EPA is planning to conduct particulate sam-
pling on the reverberatory furnaces before and after con-
version to coal. The Arizona EPA in planning to conduct
particulate sampling on September 12 and 13, 1977.

Our inspection revealed that enough space is available in
the vicinity of the current control system and stack to
install any necessary add-on equipment. The following
figure (not in scale) depicts the location of the current
control system and indicates the space available for add-on
equipment.

Magma will make available to PEDCo (through EPA Region IX)
general drawings of the current particulate control system
and different material stream analyses.
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PEDCo ENVIRONMENTAL, INC.

MEMORANDUM
TO: Project File DATE: August 3, 1977
SUBJECT: Trip Report - Phelps-Dodge Copper FROM: V. Katari
Company, Ajo on 7/21/77
FILE: 3287-B cc: L. Yerino
T. Devitt
R. Gerstle

On July 21, 1977, Larry Yerino and I visited the Phelps-
Dodge Copper Company at Ajo, Arizona. Messrs. Larry Bower-
man and Bill Thurston of EPA Region IX accompanied us to the
plant and Mr. Steve Schwartz of BAQC joined us there. The
purpose of the visit was to acquire data on the reverbera-
tory furnace operating procedures and the air pollution
control equipment operation, and to survey the available
space for an add-on control system in the vicinity of the
current control equipment.

Mr. F. R. Rickard, the smelter manager, briefly described
the reverberatory furnace operation and later showed us the
furnace and its control system. 5
The reverberatory furnace burners are designed for burning
natural gas, or diesel oil, or No. 6 oil. The plant has not
been operating because of a strike, but the reverberatory
furnace has been kept hot by firing natural gas, a necessary
step to keep the silica arc support inside the furnace from
falling down; rebuilding the arc would require 4 to 5 weeks.
Phelps-Dodge Copper Company maintains a smelter repair team
at the plant.

Phelps-Dodge Copper Company at Ajo, usually smelts con-
centrate prepared from its own mined ore; however, custom
concentrates are sometimes smelted on an optional basis,
depending upon the furnace availability (production never
exceeds design capacity).

The concentrate is brought to the plant, stored in cans, and
taken through a double arc gate to the hopper. Its typical
moisture content is 6 1/2 to 7.0 percent. The concentrate
is charged onto a variable-speed belt conveyor and is
dropped into a small feed hopper of a slinger machine. Lime
rock addition to the furnace is continuous. The flue dust



collected in the reverberatory furnace electrostatic pre-
cipitator is recycled back to the furnace. The usual
material charging rate to the furnace is 1-1/2 to 2 tons/min
when the slinger machine is in operation. About 700 tons of
charge (of which about 94 percent is concentrate) is fed to
the reverberatory furnace per day. Table 1 presents a
typical material charge. The elapsed time between charging
the furnace to tapping the matte is usually 4 hours.
Approximately 30 to 36 taps are made per cycle. The furnace
has three matte tapping holes (two operate at a time), and
one slag tapping hole. The matte is tapped into laddles,
picked up by overhead cranes and are charged to one of three
converters. Usually two converters are kept hot (one
operates at a time). The converter cycle time is roughly 6
hours. The number of converter chargings corresponds to the
number of tappings.

Exhaust gases from the reverberatory furnace pass through a
pair of waste-heat boilers, then enter a balloon flue and a
common plenum chamber for the two independent, parallel,
electrostatic precipitator units. A heavy load of dust is
accumulated on the waste-heat boiler walls. The dust is
removed from the walls every 2 hours by the use of soot
blowers. The waste-heat boilers do not contain radiant
cooling sections, these are required to recover heat from
flue gas generated by smelters using coal as fuel. The gas
collection system was designed orignally so that 50 percent
of the gas stream from the electrostatic precipitator could
be directed through the DMA SO) absorption plant, and the
remaining 50 percent could be exhausted to the stack.
However, at present the duct arrangement for the gas stream
going to the DMA plant is completely cut off, so the entire
gas stream from the precipitator is exhausted through the
stack. An ID fan installed downstream of the precipitator
moves the gases through the stack. A flip-flop damper is
installed in the duct system so that the gases can be guided
either through the balloon flue or the duct work.

The reverberatory furnace matte and slag tap areas are
hooded, and the collected gases containing particulate
matter are exhausted directly to the smelter main stack.

The acid plant is not operating, but it is being kept in
operating condition by continuously checking for leaks and
material corrosion.

Any heavy particulate material dropped out in the waste-heat
boiler is recycled back to the converter; and the fine dust,



Table 1. MATERIAL CHARGE TO THE REVERBERATORY

FURNACE ON JUNE 15, 1977

‘Material¥* Amount
Concentrate 636
Precipitates 9
Lime rock 31
Flue dust from reverberatory furnace 7
Reverts 7
Flue dust from converter precipitator 6

* In addition, 341 tons per day of converted slag is added.
Metallurgical Department of Phelps-Dodge Copper Company has
analyses of individual material changed. The data can be
obtained on request.



depending on the quality, is recycled back to the reverbera-
tory furnace or the concentrator. Dust collection in the
waste-heat boilers is up to 6 tons per day on vertical
tubes; the amount collected on water wall sections is not
known. Analysis of the dust collected in the waste-heat
boiler hopper is available on a monthly composite basis.

According to Mr. Rickard, the furnace design is not suitable
for using pelletized converter slag as 1s the practice at
Kennecott Copper Company. In his opinion, converter slag is
used in the reverberatory furnace primarily for charge
recovery purposes and may not improve environmental conditions.

Because the converter operation is exothermic, it is es-
sential to burn all the silica in the converter. For this
reason the heavy particulate from waste-heat boilers is
charged to the converters.

Mr. Rickard expressed that the flip-flop damper, the man-
holes on the ESP, and the access doors to the hoppers are
possible sources of air infiltration. The expansion joint
on the downstream side of the ID fan failed this year and
was a source of air infiltration. The reason for the
difference in measured velocity through the two ducts could
be due to size differences in the hanging dampers installed
in each duct.

Corrosion problems are being experienced from the electro-
static precipitator on the converter, usually when the flue
gas temperature is lower than 465°F, because of formation of
sulfuric acid.

Mr. Rickard does not know if the two new mist precipitators
installed can be utilized as add-on equipment to treat
reverberatory furance gases.
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