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LEAD REDUCTION IN AMBIENT AIR: TECHNICAL FEASIBILITY
AND COST ANALYSIS AT DOMESTIC PRIMARY LEAD SMELTERS
AND REFINERIES

By Richard D, Smith,' Orville A. Kiehn,? David R. Wilburn,®* and Robert C. Bowyer*

ABSTRACT

The Bureau of Mines evaluated the emission control methods, including
the capital investments and operating cost, necessary for further reduc-
ing lead levels 1in ambient air at the Glover, Herculaneum, and Buick
smelter-refineries i1in Missouri and the East Helena, MT, smelter. The
U.S. Environmental Protection Agency (EPA) has proposed more stringent
lead in ambient air standards than those currently in effect. This
report presents theoretically achievable 1lead emission reductions and
estimated capital and operating costs.

Lead emission inventories theoretically can be reduced from 1985 lev-
els by 2,421 1b/d at the three Missouri operations by containing and
filtering fugitive emissions within structural enclosures and baghouses.
The aggregated capital and operating costs in 1986 dollars using conven-
tional environmental and workplace technologies are estimated to be
$250,014,100 and $18,507,800, respectively. Estimated total incremental
cost is $0.063/1b as refined lead. Additional regulatory costs attribu-
table to Occupational Safety and Health Administration (OSHA), U.S.
Department of Labor, workplace standards are included since proposed
environmental controls may otherwise degrade workplace conditions.

Continuous drossing 1s evaluated as an alternative to conventlonal
0OSHA controls. Substituting continuous drossing for conventional work-
place technology results in an estimated aggregated capital and operat-
ing costs of §258,344,800 and 515,719,600, respectively. Estimated
total incremental cost 1s $0.062/1b as refined lead. For comparison,

the average open market price of refined lead during the first quarter
of 1986 was $0.184/1b.

1Metallurgical engineer,
2Mining and metallurgical engineer.
Physical scientist.
4Geologist.
Minerals Availability Field Office, Bureau of Mines, Denver, CO.



INTRODUCTION

Lead is currently listed as a criteria
pollutant by the Environmental Protection
Agency (EPA); the maximum allowable level
of lead in air is 1.5 pg/m3. The domes—
tic primary lead industry is required to
meet this standard using currently avail=-
able control technology. Periodic review
of this standard is required by the Clean
Air Act of 1970 (1),5 as amended in 1977
(2).

In response to heightened public aware-
ness of the continued degradation of
the Nation's air quality, the Clean Air
Act gave the EPA the responsibility of
providing guidance and support for estab-
lishing State and 1local air pollution
control programs. This legislation man-—
dated that the EPA develop uniform ambi-
ent air quality standards on a national
basis for those pollutants present in
specified concentrations and over a spec—

ified time period which, if exceeded,
would pose a significant danger to the
health and welfare of the public. Under

these guidelines, the EPA developed ambi-
ent standards for sulfur dioxide, total
suspended particulates, nitrogen dioxide,
carbon monoxide, ozone, and non-methane
hydrocarbons. Although the EPA proposed
the ambient air quality standards, States
were given the primary responsibility to
develop and implement a plan for attain-
ing the ambient standards. Concentra-
tions of regulated air pollutants in
ambient air are measured at the industry
fenceline and/or property line; i.e.,
where the pollutants are first encoun-
tered by the public.

Lead was added to the c¢riteria pollut-—
ants in 1977 as a result of a court deci-
sion (3). The ambient lead standard was
set at 1.5 ug/m3 averaged over a calendar
quarter (3 months). Currently, proposals

5Underlined numbers in parentheses re-
fer to items in the list of references
preceding the appendixes.

are under review that would reduce the
lead in ambient air standard from 1.5
g/m3 to between 0.5 to 1.0 ug/m3.

Ambient 1lead standards are defined in
terms of mass loading per volume of
ambient air. However, these standards

neither specify the method with which to

achieve compliance nor how to determine
the effectiveness of individual compli-
ance methods. This study evaluates the

theoretical lower limit of lead emissions
in pounds per day that are achievable
using existing technology. The determin-
ation of actual lead values applicable to
ambient lead levels at the fenceline for
the ambient air standard wusing computer
modeling or other methods are not consid-
ered in this report.

In September 1985, a meeting was held
in San Francisco, CA, between members of
the American Mining Congress (AMC) and
the Bureau to discuss the ongoing Bureau
study, "Impacts of Environmental, Health,
and Safety Regulations Upon Cost of
Production in the Primary Domestic Lead
Industry." At that meeting, a plan was
developed to examine the technical feasi-
bility and the related anticipated costs
of reducing the ambient 1lead compliance
level from the current l.5-yug/m3 level.

The purpose of this study is to analyze
the technology available to the domestic
primary lead industry for purposes of
meeting the current EPA ambient air stan-—
dard for lead. In addition, the study
assesses technical feasibility and costs
assoclated with further reductions from
the present lead in ambient air standard
(4). Preliminary findings of this report
were presented to the Clean Air Scien-
tific Advisory Committee (CASAC) meet-—
ing on March 11-12, 1986, The meeting
was the EPA's periodic review of the
National Ambient Air Quality Standards
(NAAQS), Clean Air
Act.

as required by the
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Three primary tasks were set for the
project:

Task 1.-—Collect plant-specific data to
determine current plant performance.

Task 2.--Analyze efficiencies of pol-
lution control equipment and determine
their potential for further reducing lead
in air. Develop engineering methods to
achieve the best available control tech-
nology (BACT), as opposed to current rea-
sonable available control technology
(RACT). Consider the impact of environ-
mental controls on OSHA workplace 1lead
standards in the cost estimates.

Task 3.—-Develop cost data associated
with further reducing airborne lead emis-
sions from the smelters and refineries.

As the project progressed, task 2 was
amended to include 1lead source emission
data, utilizing a lead emissions inven-
tory approach rather than attempting to
predict the lead level that would be mea-
sured at the property—-line monitoring
stations. This was decided because

(1) computer modeling
quired to evaluate

capabilities re-
airborne lead disper-

sion were not available to the Bureau,
{2) agreement has not been reached be-
tween industry and the FEPA on current

computer modeling techniques, and (3) the

Bureau was most technically suited to
an engineering evaluation by emission
source. Current lead source emission

data would be reported in terms of pounds
per day of lead emitted, and estimates
would be developed regarding expected
lead source emissions at the potential
optimum efficiencles of the equipment.
Computer modeling is greatly influenced
by the sophistication of the particular
model used and the quality and quantity
of the available data. These data are
influenced by design and 1location of
structures, pcllutant characteristics,
wind patterns, topographic d4rregulari-
ties, distance from the source, and tem—
perature 1inversions and other weather
conditions. This report identifies ex-
isting 1lead emission inventories and
suggests potential emission reduction
methods based on BACT. Computer modeling
techniques may be applied to these data.
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FIGURE 1.—Primary lead smelters and refinerias in United States.

Six primary lead production faclilities complex lead sulfide concentrates, and
remain within the United States (fig. 1). Omaha, which is a refinery, all plants
These operations are located at Buick, are smelter-refineries processing the
MO (AMAX Lead Co. of Missouri); East metallurgical simple 1lead concentrates
Helena, MT (ASARCO 1Inc.); Glover, MO from the Missourli 1lead belts. Omaha is
{ASARCO Inc.); Herculaneum, MO {(St. Joe not included 1in the study because it is
Lead Co.); Omaha, NE (ASARCO Inc.); and classified as a refinery. El1 Paso is not
El Paso, TX (ASARCO Inc.). With the ex- included because 1its lead line is tempo-
ception of East Helena and El Paso, which rarily shut down. The remaining opera-
are smelters processing metallurgically tions are evaluated in this study.

DATA COLLECTION AND REVIEW

The Bureau initiated this study by col- proximity to highways, railways, and site
lecting historical lead emissions data and regional topography. For each site,
at each of the four selected sites as a tabulation was made of the current lead
well as obtaining data from State and emissions, control technologies in place,
Federal agencies. Plant data included and the efficiency of the equipment in
flow sheets; plan and elevation drawings reducing lead emissions. No single oper-
and sketches; plant modifications and re- ation supplied a complete spectrum of re-
lated emission levels on a datable basis; quired information. Fortunately, an
emission control performance data; and overlap of data among plant sites allowed
regulatory documents and studies. Site  interpolative placement of certain data
maps were also obtained that identified at Buick, Glover, and Herculaneum.
plant facilities, ownership boundaries,



Emission data collected for ASARCO's
East Helena smelter presented difficul-
ties in interpretation due to the emis-
sion formats used. Data originally col-
lected by ASARCO during 1977 were in the
lead emission inventory format. At the
time of the State Implementation Plan
(SIP), the data format was changed to re-—
flect the chemical mass balance for moni-
tored ambient emissions. Correlation of
the lead emission 1inventory format with
the chemical mass balance format was not
done; therefore, only general comments
can be made concerning emissions at East
Helena. The cost study was performed us-—
ing engineering methods developed for the
Missouri operations and adjusted to East
Helena's wunique conditions. Although a
direct comparison of emission inventory
to cost at that smelter 1s not possible,
it is reasonable to assume that some re-
duction of emissions 1is achievable at
that cost.

Data presented in this report are those
that each operation reported to the State
regulatory agencies. Controlled and un-
controlled lead emissions data are based
upon elither actual test results or best
estimates for representative unit pro-
cesses under typical operating condi-
tions, which are defined as follows:

Uncontrolled emissions.—~-Emissions from
sources where no control methods have
been applied. Uncontrolled emissions are
used as the reference to assess the effi-
ciency of emission control methods.

Controlled emissions.--Emissions re-—

sulting from sources where active control
methods have been applied.

sources for
reviewed

Emission
were

each operation
according to the three

DETERMINATION OF

After review and analysis of the indiv-
idual site emission control methods and
emission data (5-12), the Bureau insti-
tuted a study to evaluate the feasibility
of additional control procedures to im-
prove the efficlencies of existing equip-
ment. Theoretically optimum emission
control methods were developed using

major emission source types: point
source, process fugitive, and open fugi-
tive emissions.

Point soutrce.——These emissions typical-
ly result from process exhausts and only

occur during plant operation. Emissions
of this type are ducted through an emis-—
sion control device prior to discharge

to the environment. An example of point-
source emissions is blast furnace off-
gases, which are ducted through a bag-
house for emission control before
discharge to the atmosphere.

Process fugitive.--These emissions are
a direct result of process operations
but, for various reasons, have not been
collected as part of a process exhaust
and cannot be treated as a point source.
Process fugitive emissions occur only
during plant operation. These emissions
typically result from leaks in mechanical
seals. Repair of the worn seals and/or
redesign of the processing equipment may
reduce these emissions. Under certain
conditions, they may be confined for
emission control  purposes, and then
become point source emissions.

emissions (also
result from fac-

Open fugitive.—-These
called “fugitive dust"™)
tors not necessarily related to active
plant operation. Examples are wind-blown
dust from stock piles, or local soils

containing a high in situ lead content.
Contrel of stock piles may be achieved
by structural enclosures or chemical

stabilization.
by  paving,
stabilization.

Soils may be controlled
planting, and chemical

OPTIMUM EFFICIENCY

historical data, advice from emission
control device suppliers, and the princi-
pal authors' working knowledge of emis-
sion control methods. Calculated data
for these proposed methods are presented
for Glover, Buick, and Herculaneum. East
Helena could not be analyzed in this man-
ner because controlled and uncontrolled



emission data for this plant cannot be
correlated with the present chemical mass
balance method being used by the State of
Montana (9-12).

POINT-SOURCE EMISSIONS

control devices are used to
emissions. Through

Emission
reduce point-source
engineered design changes, the devices
may be modified to reduce point-source
emissions. A comparison of controlled
versus uncontrolled emissions 1is essen-—
tial since emission control devices are
evaluated on a percent-efficiency basis.

Overall  historical emission control
efficiencies were calculated as follows:

(UE ~ CE)(100)/(UE)

Percent efficiency,
where,

UE

uncontrolled emissions in
mass units per unit time,
CE controlled emissions in

mass units per unit time,

and

Percent
efficiency =

percent emission control
efficiency.

were then compared
for similar con-
the basis

Control efficiencies

with the efficiencies
trol devices, operating on
of similar particle size distribution
and material density. Data were fre-
quently unavailable for emission con-
trol devices and for control methods
at the plants and had to be acquired from

alternate sources. Operating data on
Ducon UW-4 dynamic scrubbers were sup-
plied by Buick (13) and Herculaneum (l4),
which are two of many plants where the
scrubbers are used. Information of effi~
ciency versus density and/or size dis-
tribution results for dynamic scrubbers,
venturi scrubbers, electrostatic precip-
itators, and baghouses were obtained
from vendor data (15-16) and EPA reports
(17-20). —

Chemical mass balance studies (11-12,
21) provided insight into the chemi-
tries and size distributrion of emission
sources. These studies were applied with
care since the data do not include large-
diameter, large-mass particulates that
settled prior to capture in a monitoring
device. Typical emission control device
efficiencies derived from EPA tests using
silica particulates as the control medium
are shown in table l.

Lead particulates are denser than sili-
ca and thus require adjustment of the ex-
pected efficiencies. In the case of the
filter collectors (baghouses), the effect
of density is insignificant. Efficiency
may be improved by design changes such as
bag material and/or air-to-cloth ratio.
These modifications are site specific and
are applied for the purpose of meeting
design standard rather than for enhancing
collector efficiency. Therefore, no pro-
posed efficiency change due toc 1lead den-
sity for baghouse operations 1is assumed
for this study.

Electrostatic precipitator (ESP) effi-
ciency is dependent on particle mass and
electrical properties of the substance.
However, no reported information on
equipment efficiency for lead particles

TABLE 1. — Efficiency of emission control devices on silica

particulate, percent (17)

(Particulate density:

2.65 g/cma)

Particle size range.secesesceceeoume. | All <5 5-10 | 10-20| 20-44 | >44
BaghoUSeeeeesoenonassccnnnennnnssanss | 39.7 1 99.5| 100 100 | 100 100
Electrostatic precipitator..ceccessesas | 97.0} 72 94.5 97 99.5| 100
Dynamic scrubbereecsiceccesssnasccansae | 98.5( 93 98 99 100 100
Venturi sScrubbelececsescensseceessess | 99.51 99 99.5 100 100 100
Weight distributioneseeesseseeeessess | NAp | 20 10 15 20 35

NAp Not applicable.



TABLE 2. - Efficiency of emission control devices on lead-compound

particulate, percent

{(Particulate density:

9.53 g/cmd)

Particle size range.ceceeeesceecosume. | All <5 [5-10 | 10-20| 20-44| >44
BaghotSesssssssscrsssosvcnssnssvessss | 99,7 (99,5 | 100 100 100 100
Electrostatic precipitatorecsececeess | 87,0 ] 72 94,5 97 99.5] 100
Dynamic Scrubber..cceesssceeessesceses | 39.0| 96 98,8 | 99.7) 100 100
Venturl scrubber.iceececccssasccsssses | 99.9 | 99.3 99.9 | 100 100 100
Weight distribution.eeessssssssseesss | NAp | 20 10 15 20 35

could be found in the literature; thus,
no further change in ESP efficiency could
be projected. ESP's are 1installed to
remove the coarser particulates; the
exhaust gases are then treated 1in bag-
houses. This flow stream reduces operat-
ing difficulties and assists the baghouse
in reaching operational efficiency. (No
ESP's are expected to be used in single-—
unit applications.)

On the other hand,
wet-collection devices
proves as particulate mass, or density,
increases. As the kinetic energy of a
particle 1increases, the ability of the
particle to penetrate scrubber water
droplets increases. This, in principle,
is the manner in which the particle is
removed from the gas stream. Kinetic
energy and density may be shown to be
related as follows!

the efficiency of
(scrubbers) im-

Ex = mvZ/2,
where,
Ex = kinetic energy,
m = mass of the particle,
v = velocity of the particle,
and,
m = 0.5236D3d,
where,
D = particle diameter,
and d = particle density.

Combining equations yields——
Ex = (0.2618D3d)(v2).

the
the

system, 1if
constant,

design
kinetic

For a given
velocity remains

TABLE 3, - Efficiency of emission
control devices in steel appli-
cations, percent

Emission control devices Efficiency
BaghouBeesoecessvoseecasansns 95
Electrostatic precipitators:

Single—-stage plateseeeesses 95

Single-stage pipeecsscesssoe 99
Dynamic scrubbereessescescoses 80
Venturl scrubberssssececesssss 99

energy can be related to density and par-
ticle size. Thus, an expected adjustment
in efficiency for lead particulates can
be projected for decreases 1n size and
density.

Calculated dynamic scrubber efficien-
cies of 99.0 pct (table 2) compare favor-
ably with actual data of 99.3 pet from
the Missouri Department of Natural Re-
sources and from 1industry (8, 13-14),
The authors' field notes on venturi
scrubber efficiencies also support these
conclusions. Baghouse filter efficiency
appears to approach the theoretical engi-
neering design 1limits, while electro-
static precipitator efficiencies can
reach 99.95 pct under ideal conditions
(16).

Another publigshed sgource provides a
slightly different perspective on control
device efficiencies. As can be seen by
comparing table 3 with tables 1 and 2,
there are definite differences 1in ac-
cepted efficiencies due to actual experi-
ence and based on equipment application.

Baghouse efficlencies can be improved
under specific conditions to greater than
99 pct by wusing special, high-perfor-
mance bag fabrics. Similar performance



improvements can be achieved with wet
scrubbers by increasing the pressure drop
across the system.

For each site, the Bureau reviewed the
current emission control efficiencies and
proposed those best theoretically obtain-
able based on the data shown in tables 1
and 2. At each site, these proposed max-
imum efficiencies were applied to the
uncontrolled emissions data, and new
controlled emissions data for each point
source were calculated.

No equipment changes were proposed for
any point source since all sites are cur-
rently using the best available control
technology (BACT). Therefore, any im—
provements in emission control would be
based on more efficient operation of the
equipment; the ilmprovement would gener-
ally be less than 1 pct. It should be
noted that improvements may be possible
by placing control devices in series, but
this approach does not appear to further
control point-source emissions.

PROCESS FUGITIVE EMISSIONS

Process fugitive emissions were exam-
ined from the position that these emis-
sions might be confined and treated as a
point source. This costly approach was

options failed to
effect. In the
entire buildings

after other

show any significant
point-source approach,
containing unit processes (e.g., the
sinter machine) would be sealed and ven-
tilated by an emission control device.
The approach is beyond reasonable avail-
able control technology  (RACT) (18).
Therefore, the methods wused for point-
source emissions were modified and ap-
plied to process fugitive emissions to
permit reasonable bullding access and to
allow for probable architectural leakage.

selected

OPEN FUGITIVE EMISSIONS

emissions were examined
on an individual basis. Previous actions
taken by industry to control open fugi-
tive emissions and the resultant control
responses were evaluated for effective-—
ness. Since open fugitive emissions
cannot be controlled by emission control
devices, predicting the effectiveness of
control measures are more difficult than
is the case of predicting control effec-
tiveness for the other emission types.
Typical solutions involve stabilization
and/or removal of the source. The pre-
dicted improvements are "best judgment”
estimates based on historical record.

Open fugitive

COSTING METHODOLOGY

Estimates for capital and operating
costs were prepared in terms of July 1,
1985, U.S. dollars.

Site design includes calculations for
the following:
0 Closing existing openings on pro-

cess-related buildings presently emanat-
ing lead-bearing fugitive dust.

0 Enclosing open concentrate, sinter,
and storage areas that are sources of
dusts containing lead.

0 Installing new baghouses and adding
fans for positive ventilation.

0 Adding selective local controls.

SiP's, along
(5, 11), were
only post-SIP

The Montana and Missouri
with the consent orders
examined to assure that
items were estimated.

BUILDING ENCLOSURES

Process fugitive emissions can be con-
trolled by complete enclosure and venti-

lation. For existing buildings, enclo-
sure can be accomplished by installing
siding, with railroad and personnel ac-

cess doors where required. The erection
of new metal-sided buildings 1is required
for concentrate and material handling and
storage. Costs also include 1labor for
the construction of facilities designed
to enclose a lead—-bearing fugitive-dust
emitter and to provide air 1ingress
through new wall-mounted ventilators.
Following design and cost determina-—
tion for each enclosure, the volume
enclosed by the structure was calculated
from the dimensions given in the section
and plan views of on site drawings. The



existence, shape, and location of each
structure on the drawings was verified by
recent aerial photographs of each site.
This procedure served to check the exis-
tence of new construction not ldentified
from company-supplied older drawings.

The enclosure was designed to allow a

controlled amount of air to enter and
leave each structure. The alr, at ap-
proximately 15 building air volume

changes per hour at an air-to-cloth ratio
of 1.5:1, enters each building through
opposing wall-mounted ventilators, sweeps
across process equipment, and exits the
roof of the structure through a plenum to
a baghouse. A motor-connected fan sup-
plies exhausted building air to the bag-
house in a forced-draft configuration.

Proposed new structures to house exist-
ing materials-handling equipment, concen—
trate, fluxes, and re—treated material
were costed with outdoor-alr heaters.
Existing structures housing process
equipment were costed less makeup air
heaters. Heat~load calculations for 15
building air volume changes per hour at
an air-to-cloth ratio of 1.5:1 were not
performed on existing structures due to
the lack of detail engineering informa-
tion required to develop building heat
balances. If building—air heating is
necessary, 1t cannot be assumed that a
portion of the warm baghouse filtered air
can be recycled to the structure without
additional treatment due to the problem
of recirculating undesirable ultrafine
lead-bearing particulates and deleterious
gases,

Building enclosure
on applicable procedures outlined in
casting manuals (23-25). Depending upon
the individual plant situation, existing
buildings were either modified or new
structures were added to adequately en-
close existing process equipment or to
concentrate storage areas. When neces-—
sary, costs were included for excavation,
reinforced concrete, strip footings,
steel columns, cross ribs, strip-backing
steel, and siding to building walls.
Costs for similar building types per
square foot or floor area (25), including
associated 1lighting and heating, were

costing was based

used to estimate the cost construction
or modification. Large overhead rollup
doors were assumed to permlt passage
of trains and vehicles. Personnel ac-
cess doors were placed and costed as
appropriate.

Costs of materials, labor, construction
equipment usage, and subcontracts were
tabulated and summarized for a direct
cost subtotal. A subcontractor's over-
head and profit (0&P) of 25 pct of direct
cost, and a general contractor's O&P of
12,5 pct of direct cost were added to the
direct cost. Indirect costs were fac-
tored against 1labor costs and added.
Construction camp costs were added. Al-
location of &4 pct for sales tax and &4 pct
for freight were added. To this total is
added escalation from January 1984 to
July 1985, and a 12-pct lump sum for en-
gineering, procurement, and construction
management. A contingency of 25 pct was
added to address any additional elements
that may have been omitted. Contingency
accounts for unforeseen but real elements
of cost due to the following:

1. Incomplete
criteria.

2. Preliminary telephone quotations.

3. Labor productivity unknowns.

4, Unforeseeable events.

5. Startup unknowns.

drawings and design

BAGHOUSES

A two-component approach was used in
the design and costing. The design in-
volves the enclosing of process buildings
to permit the use of fans connected to
baghouses to collect the lead-bearing
dust. This approach addresses the re-~
quirement for environmental control but
results in the subsequent problem of an
increase in lead levels in the workplace.
The second procedure addresses this prob-
lem through installation of local con-
trols that enclose and/or ventilate indi-
vidual process equipment.

The combination of building ventilation
and local control has been demonstrated
to be partially successful in Belgium
(26-27). The amount of lead-laden dust
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during operation
than the

is less

ment and the

of the Belgian smelter
1.5-ug/m3 EPA require-
150—ug/m3 0SHA requirement.

Attempts by the domestic primary lead in-

dustry have not

matched the Belgian re-

sults because of dissimilarities in plant

design and
Baghouse

using the
assume

I.
A.

B.
C.

D.

an
hour at an

operating practice.

capital costs were determined
following costing format and
average of 15 air changes per
air-to—cloth ratio of 1.5:1.

Building closure capital

Direct costs
1. Materials

2. Labor

3. Construction equipment
usage

4. Subcontracts

Subcontractor's overhead and
profit (0.25 x A)
General contractor's overhead
and profit (0.125 x A)
Indirect costs, materials, and
labor (0.825 x A2)

1. Temporary facilities (0.06

x A2)

2. Miscellaneous services ex-
pense (0.09 x A2)

3. Services handling (0.066
x A2)

4. Travel expense (0.012
x A2)

5. Field staff payroll (0.16
x A2)

6. Project insurance and
bonds (0.017 x A2)

7. Payroll burden and fees
(0.22 x A2)

8. Small tools (0.035 x A2)

9, Equipment rentals and
maintenance (0.15 x AZ)

10. Vacation, holiday, and

sick leave (0.015 x A2)
Costs for construction camp
(0.35 x A2)
Freight (0.04 x Al)
Sales tax (0.04 x Al)
Escalation to July 1, 1985
(0.029 x A)
Subtotal (A+B +C +D+E+F
+ G + H)
Engineering, construction man-
agement, procurement, and fees
(0.12 x I)

K.
L.
M.

II.
A,

B.
C.
D'
E.

F.
G.

J.
K.
L.

III.

Subtotal (I + J)
Contingencies (0.25 x K)
Total, building enclosures (K
+ L)

Baghouse capital

Primary equipment cost (bag-
house only)

Ancillary equipment cost
(fans, diffusers, etc.)

Instrumentation and controls
(0.15 x [A + B])

Subtotal (A + B + C)

Sales tax (0.04 x D)

Subtotal (D + E)

Installation (1.39 x D)

1. Foundation and support
(0.04 x D)

2. Handling and erection
(1.00 x D)

3., Electrical (0.08 x D)
4. Piping (0.01 x D)
5. Insulation (0.07 x D)

6. Painting (0.02 x D)
7. Site preparation (0.02
x D)
8. Facilities and buildings
(0.15 x D)
Installation sales tax (0,02
x G)

Indirect costs (1.09 x D)

l. Engineering, construction
management, procurement
fees (0,20 x D)

2, Construction and field
indirects (0.30 x D)

3. Construction fees, con-
tractors, overhead, and
profit (0.20 x D)

4, Startup (0.01 x D)

5. Contingency (0.24 x D)

6. Prefeasibility study
(0.03 x D)

7. Feasibility study (0.10
x D)

8. Performance testing (0.01
x D)

Freight (0.04 x D)
Insurance (0.01 x D)

Total, baghouse capital (F
+G+H+I+J+K)

Grand total, I + II

No volume corrections were made for in-

place
Baghouse

equipment

or structural steel.
costs based on bullding volume



alr changes were determined using adjust-
ment multipliers reported (28) for fac-
toring the capital cost of a Dbaghouse,
and a factored base equipment cost esti-
mate (29) for primary and ancillary bag-
house equipment, instrumentation, and
controls.,

Base equipment capital costs
rived using the volumetric
determined from building

were de-—
air flow rate
volume and 15

alr changes per hour at an air-to-cloth
ratio of 1.5:1. The total actual cubic
feet per minute (ACFM) of air flow is

multiplied by $5.00/ACFM to obtain the
baghouse primary equipment cost. The an-—
cillary cost for the baghouse fans 1s ob-
tained by multiplying the total actual
cubic feet per minute by $0.50. The sum
of the baghouse and ancillaries cost
($5.50/ACFM) 1s multiplied by O0.15 (a
factor of 15 pet) to obtain the cost of
instrumentation and automatic control in
either a factory-fabricated or a field-
erected system. The total cost of the
above equipment represents the base
equipment cost (BEC).

A sales tax of 4 pct 1s added to the
BEC, which is then multiplied by a factor
to account for equipment installation and
indirect costs. Percentages of installa-
tion cost components including site prep-
aration, foundations and supports, han-
dling and erection, electrical piping,
insulation, painting, £facilities, and
buildings are shown in the foregoing for-
mat; the particular cost category is ad-
justed with the multiplier to reflect un-
usual site conditions. As an example,
the average handling and erection factor
of 0.5 times the BEC was adjusted to 0.75
times BEC for a smelter with a large,
scattered system that requires long ducts
and piping and on-site fabrication with
extensive welding and erection. For
another smelter, the handling and erec-
tion factor was increased from 0.5 to 1.0
times BEC to account for equipment re-
moval and site renovation for a 1large
system. Most percentage factors were
used as given (EQ) without adjustment for
installation cost. A 2-pet sales tax on
equipment and material only has also been
added to the installation cost.

The factoring components for determin-
ing the indirect BEC include engineering,
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construction management and procurement
cost, construction and field indirects,
construction fees, startup costs, per-
formance tests, prefeasibllity and feasi-
bility engineering, and contingency. Un=-
like the case for the installation factor
adjustment, the factors of indirect cost
(28) were significantly adjusted to allow
for custom equipment, automatic control,
large-capacity equipment, several subcon-
tractors directed by a general contrac—
tor, feasibility studies, a guarantee of
efficiencies and operating specifica-
tions, final performance certification,
and penalties for failure to meet design
criteria.

A freight cost of 4 pct of BEC and an

insurance cost of 1 pct of BEC are also
included 1in the baghouse capital cost
total.

In summary, the method for capital

costing of process dust collection pre-
sented 1involves the cost of enclosing
process bulldings to permit building ven-
tilation with fans. The fans pull fugl-
tive lead—-bearing particulate airstreams
through collecting baghouses. The ap-
proach is highly sensitive to building
volume and air-change rate., The study is
based on an average of 15 air changes per
hour, disrergarding the volume occupied
by process and mobile equipment, internal
structural steel, process materials, and
personnel. In practice, the air-change
rate required for each process would
be evaluated separately. Low—temperature
process areas with relatively low concen-
trations of 1lead dust (e.g., concentrate
storage areas} may require fewer than 15
air changes per hour; high-temperature
process areas generating high concentra-
tions of lead dust may require more than
15.

The estimate presented includes approx-
imately a 13- to l4-pct contingency and
is approximately +30 pet accurate. This
is an order-of-magnitude estimate that
can be substantiated for this level of
study and engineering detail.

The estimates do not include (1) 0SHA
conslderations that may result from en-
closures, specifically the blast furnace
drossing areas; (2) the costs required to
construct ducting and centrally located
elevated stacks to meet best engineering
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practice for mnew point emissions, or
(3) working capital costs. According
to an unconfirmed report, a Belgian

similar technology, (i.e.,
and local control for

attained OSHA-level
50 ug/m3 in

plant, using
building enclosure
numerous baghouses),
in-plant lead ambient within
all areas, including the blast furnace
drossing areas. For personnel comfort,
the proposed building siding in the blast
furnace dross area must be evaluated as
to need.

The need for
centrally located stacks
ducting as opposed to locating stub
stacks near each baghouse was not re-
solved by representatives of the primary
lead industry for this analysis. At some
smelters, the required space for duct
runs is available only at a premium. The
need to significantly elevate the bag-
house discharge is a debatable issue.

A separate cost area identified as
working capital could include a provision
for increased property tax, royalties,
fees, spare parts, supplies, and the cost
of labor for a finite period (60 days).
Most of what would be considered working
capital has already been included in op-
erating costs.,

Baghouse operating cost estimates are
factored (30) on an assumed direct labor
staffing table considered necessary to
operate the additional baghouses and
ancillary equipment. Labor wages were
determined from current labor wunion con-
tracts at each property. Energy costs
are based wupon fan brake horsepower
requirements at an assumed b68-pet effi-
cieney for the applicable utility kilo-
watt hour charge. From these energy and
labor costs, other indirect operating
costs are determined, based on a factored
system. These factors account for main-
tenance, indirect costs, general admini-
strative costs, supervision, and payroll
burden and fringes. Bag replacement cost
is calculated at an expected average life
of 2-1/2 yr per bag and at an overall of
20 pct of the baghouse primary equipment
cost. The following format was used to
determine baghouse operating cost:

constructing elevated,
and assoclated

1. Direct 1labor DL (labor wages
+ shift differential + overtime).

2. Direct 1labor supervision (0.15
x DL).

3. Maintenance labor (1.00 x DL).

4, Maintenance labor supervision
(0.20 x DL).

5. Payroll burden and
of [1 +2 + 3 + 4]).

6. Maintenance materials and supplies
[0.5 of (3 + 4)].

7. Indirect costs
+ 4]).

8. General and
(0.15 x DL).

9. Bag replacement costs (0.2/2.5 yr)
x (IT A [from baghouse capital format]).

fringes (0.35

{04 x [V +2+3

administrative costs

10. Power costs (total annual kW*h
x utility charge/kW*h).
LOCAL CONTROLS
In addition to enclosing existing
buildings, erecting new concentrate
buildings, and ventilating these build-

ings with fans and associated baghouse
systems, additional local environmental
controls in the workplace are required in
some areas in order to comply with OSHA
standards. It is generally accepted that
enclosure for environmental reasons will
aggrevate airborne lead levels 1in the
workplace. As a result, local controls
are included as part of this study. Lo-
cal control costs for the three smelter-
refineries and the one smelter were esti-
mated based on two 1local conrol plans
supplied by the primary lead industry.
Since these supplied <capital and oper-
ating costs are company proprietary, a
detailed breakdown of these costs with
associated methodology cannot be dis-
closed, Totals for calculated capital
and operating cost for each facility are
reported in table 4. Costs are reported
for conventional processing technology
and for an alternative system utilizing
continuous drossing that is currently
being evaluated in Australia and Canada.
Continuous drossing consists of close
connection of the blast furnace, the
forehearth (settler), and the continuous
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TABLE 4. — Capital and operating cost summary for two alternative ambient lead
environmental controls for Buick, Glover, Herculaneum, and East Helena

Conventional process technology:
Capital:

Existing building enclosSuresS.cesicsesssssceisistossssssssssoscsnnssnes 55,217,500
BaghoUuSereeresceccescsccanssncnscacscanans teiessasssssssssssncanssess 161,933,600
New buildingeeeeseesosseoresrsssrescrososssnssassesscnscescnssscances 31,243,200
1.0CAl CONETOlesecneososncatoasoasvasonssassssssassessrssssnsanessnesas 51,619,800
TOLAloevrsocosscecseosnsvasssssensasasnessnsasaasssnseanssssssnsnease 230,014,100
Operating: -
BaghOUSEeeseeotastasstanssastenstsssnnrsescrstosesrsssssrsssarrosnassss 13,960,700
New buildingeeeeeenceeeeesiestssosassacassssseorcarsossenscrssnssnee 638,400
Local cOntroleesscsrseroncessosssrssorssaascessascsesassasasnsnannscnnnos 3,908,700
TOEALe e eeesosaossosononosessanssssssosnsssssenssassonsssenassssses 18,507,800
Continuous—drossing technology: -
Capital:
Existing building closures«ccicenricecnreccroncnanns ceeeraesencacnse 5,217,500
BaghOUS@eessesoveossssnsassssscsosssrssessrsssssvsnssrssnssrvesnressese 161,933,600
New BULLdinge ssveceecocevesoossasassscassoosossssssssnsoisssassnssas 31,243,100
Local controlseecessssreossenssssrosnncssscaasss cecererrressarccanas 59,950, 500
TOtAleeseecaccosasstesesssncssasoncsssasosssacsssssssesnsssnannsssess 298,344 800
Operating: -
BaghouS@essssssosssosccsnsonnsssocasosessssssssnranrsasssssrsrersassnssas 13,960,700
New buildingesscessesecessossesorsssvvsorocsvessseosecsnssnossssensse 638,400
LOCAl CONEIOlecoersscncsnesccscosusansnvsocasoasesaasotsssscsscsseass 1,505,600

Totalooua...o-..........o--o.---............--........ ------ R

drossing induction—heated furnace to eli-
minate intermittent open handling of
molten lead and dross in ladles, kettles,
and skimmers and minimize the particulate
lead emissions.

Local controls in this study include,
by definition, any engineering design
that may be used to reduce lead emissions
within the workplace and that, of them—
selves, do mnot significantly decrease
lead emission levels in the environment.
These would include conveyor enclosures,
ladle covers, appropriate hooding for
drossing and refinery kettles, and all
related ventilation. Continuous drossing
capital and operating costs were devel-
oped from proprietary data based on engi-
neering details of an Australian process.

Costs for local controls at each facil-
ity were developed separately; where nec-—
essary, costs were scaled from base costs
based upon individual facility parame-
ters; e.g., building volume and number of
kettles. Costs for controls already in-
corporated in existing plants that have

~16, 104,700

been defined in the SIP's have not been
included here.

Two alternative sets
tional and continuous drossing, are re-
ported. In conventional drossing, local
controls are implemented through modi-
fications of existing process technology.
Standard sintering, blast furnace opera-
tions, conventional batch drossing, and
refining systems as are in operation at
the plant sites today, are each modified
to reduce the airborne lead levels in the
air around each respective unit process.
Despite the application of local con-
trols, appreciable quantities of airborne
lead are released into the atmosphere
near the conventional batch~drossing op-
erations from transporting, pouring, and
stirring of the dross. Capital and oper-
ating costs reflect implementation of
these modifications.

In continuous drossing, the
furnace is positioned
furnace and connected
discharge. The

of costs, conven-—

drossing
close to the blast

to the forehearth
melt flows continuously
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from the forehearth to the drossing
induction—heated furnace. The operations
of transporting, pouring, aund stirring

are eliminated. The relatively low level
of airborne lead is efficiently captured

COSTING SUMMARY AND

A summary of estimated incremental cap-
ital and operating costs for additional
ambient air environmental controls for
the four pyrometallurgical operations is
presented in table 4. The incremental
cost of refined lead would be $0.063/1b
from the conventional smelting c¢ircuits
and $50.062/1b from a continuous—drossing
circuit. Costs are estimated for mid-
1985 using the following parameters:

0o Construction to begin 1in 1986 and
end in 1987 (l year construction).

¢ Operation ends in 1996 (10 yr opera-
rional life).

o DCFROR is 15 pct on invested equity

capital.
0 Annual lead capacity is 559,000 st.
0 Debt to equity ratio of required

capital investment is 3:1

25 pet equity).

{75 pct debt,

in fan-driven suction hoods connected to
particle-capture baghouses. A contin-
uous—drossing system could significantly
reduce ambient lead concentrations in the
drossing area.

ECONOMIC ANALYSIS
on debt fi-

o A 10 pct interest rate
nancing was assumed.

If the current lead emission level of
the Buick, Glover, and Herculaneum pyro-
metallurgical facilities of approximately
3,840 1b/d were reduced to the theoreti-
cally achievable lead emission level of
1,420 1b/d, a reduction of 2,424 1b/d of
lead discharged to the atmosphere could
be realized. Recovery and credit of the
lead at a $0.184/1b wvalue would not
change the stated $0.063/1b operating
cost.

As shown in table 4, use of continuous
drossing would increase plant capital
costs by $8,330,700, but the operating
costs would decrease $2,403,100/yr.

CONCLUSIONS

Lead emission inventories theoretically
can be reduced to below 1985 reported
levels at the Buick, Glover, Herculaneum,
and East Helena primary lead plants.
Capital and operating cost estimates
include individual dust collection and
venting of all concentrate-handling and

lead-processing facilities. Conventional

O0SHA local controls are included in the
costs; continuous—-drossing techniques,
which would assist in compliance with

OSHA standards, are costed separately.
Using conventional process technology,

the aggregated capital costs to the four

plants are estimated to be $250,014,100,

Aggregated annual operating costs are
estimated to be $18,507,800. Total cost
for theoretically achievable emission

reduction is estimated as $0.063/1b of
refined lead. The average open market

price of refined lead for the first quar-
ter of 1986 was $0.184/1b.

Aggregated capital costs are estimated
to be $258,344,800 for augmenting conven-
tional process technology with continuous

drossing. Aggregated annual operating
costs are estimated to be $15,719,600,
Total cost for continuous drossing is

estimated at $0.062/1b of refined lead.

The estimates do not include (1) OSHA
considerations that may result from
building enclosures; specifically, blast
furnace drossing areas or the need and
related costs for constructing ducts and
centrally located elevated stacks to com-—
ply with best engineering practice for
new point-source emissions, or (2) cer-
tain components of working capital costs
not included in operating costs, such as
possible increases in property tax on the
new improvements.

The costing methodology 1is highly sen-
sitive to certain engineering design
factors; specifically, building volume,



air-change rate, and ability to recircu-
late building air during cold weather.

Building volumes are the basis of the
primary engineering calculations. Accu-
rate measurement of building volumes as
well as exclusions of occupied volumes is
essential to proper sizing and costing of
the ventilation system.

The study is based on an average 15 air
changes per hour and an air-to-cloth
ratic of 1.5:1, disregarding the volume
occupied by process and mobile equipment.
In practice, the air-change rate would be
evaluated independently for each process
location.

Recirculating building
weather may not be possible due to the
potential for buildup of an excessive
amount of very fine lead particulates in
the recirculating air, which would exceed

air during cold

OSHA limits. Should that be the case,
costs could be increased by the cost
of installation and operation of space
heaters.

MISSOURI

Theoretical maximum emission levels for
the Missouri smelter-refinery sites were
calculated and compared with current
emission levels (table 5). The wvalues
must be used with discretion since equip—
ment efficiencies decrease with use.
Also, the design parameters for emission
control devices are seldom met in actual
practice ©because operational data, such
as particulate loadings and size distri-
butions, are wunavailable for on-site
conditions.

It has been demonstrated that the Mis-
souri smelter-refinery sites, where sim-
ple sulfide ores are processed, can
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achieve 98.5 pct efficiency. 1t is prob-
able that they can achieve +99 pct effi-

ciency, but that can only be defined
by actual operating data acquired after
all proposed modifications have been
installed.

MONTANA

East Helena
of definition.

presents a unique problem
Early studies used the
lead emissions inventory method. No
baseline data for unconrtrolled emission
levels appear to have been reported.
Furthermore, not all emission sources
were evaluated. Later, the method of re-
porting was changed to the chemical mass
balance method. A chemical mass balance
allows the determination of emission
quantities generated by each source and a
comparison of those quantities to the
local lead in the monitored ambient air.
Unfortunately, this method does not pro-
vide an analysis that can be used to
determine the total emissions produced by
each source since a portion of the emis-
sions is deposited prior to collection by
the monitoring station some distance
away. Since a common scientific correla-
tion has not been found between the study
methods, no quantitative 1lead emission
inventory could be determined. It can
only be stated that East Helena's pres—
ent ambient lead emission levels exceed

EPA 1imits. This is true even if the
emission contributions from non-ASARCO
sources are subtracted from the total
values.

Control methods similar to those used
in evaluating the Missouri sites can be
applied to East Helena. Specifically,
it can be assumed that what can be

TABLE 5. - Comparison of current and theoretical lead emissions
and control efficiencies at Buick, Glover, and Herculaneum

Current Theoretical Emission

Plant Emission Efficiency, Emission Efficiency, | reduction,
summary, lb/d pct summary, 1b/d pct 1b/d
Bulickleveseoeeons 1,181 97.7 654 98.8 527
Gloveressseevesas B82 98.8 329 99.6 553
Herculaneums...... 1,780 97.9 436 99.5 1,344

l1adjusted to 135,000 st/yr.
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achieved at Herculaneum can be applied to
East Helena, since they are similar in
technology and in method of construction.

has a higher frequency of temperature
inversions than does Herculaneum, result-
ing in occasionally higher concentrations

However, the nature of the concentrates of airborne 1lead than at Herculaneum.
and the meteorological conditions at the All of these factors and lack of data
two sites are radically different. East make it diffiecult, if not impossible, to
Helena processes a very complex sul- obtain a firm estimate of the theoretical
fide ore with resulting differences in optimum emissions attainable from the
operation and stockpiling. East Helena  East Helena site.
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APPENDIX A.--BUICK SMELTER-REFINERY DATA

Operational data, a description of en-
vironmental regulation implementation
technology, and erected capital and oper-
ating costs for the Buick smelter-
refinery are summarized in this appendix.
A plan view of the facility 1is shown in
figure A-1l. Tables A-1 and A-2 report
actual historical lead emission data, and
table A-3 reports theoretical emission
values based on best available control
technology (BACT) for this facility.
A summary of estimates for building

A

enclosures, baghouses, and local controls
capital costs 1s given in table A-4.
Table A~5 shows a factored estimate of
operating costs of additional baghouses.
Table A-6 summarizes all capital and op-
erating cost estimates for reducing lead
in amblent alr to its lowest theoretical
level. The table gives the costs utiliz-
ing conventional process technology as
well as an alternative approach wusing
continuous—drossing technology.

LEGEND
Lead storage
Refining and casting
Blast furnaces
Sinter machine
Material preparation
Acid plant

Main stack

@ N DD AW N -

Material storage
+—+—+—+ Rallway

(l) 100 200 3?0

PR T N

Scale, ft

FIGURE A.1.—Bulck smelter-refinery.



Ownershipesss+o AMAX Lead Co. of Missouri
(managing partner) and
Homestake Mining Co.

HiStOI‘y- ese vy Constructed in 1 965_67;
operational in 1968,

Design capacity Refined lead - 140,000
st/yr.

Recent capacity 1981 - 72 pct; 1982 - 51

utilization. pcet; 1983 - 102 pet;
1984 - 73 pect; 1985 -
102 pct.

Products and
byproducts.

Refined lead, silver
dore, copper matte, cad-
mium, black sulfuric
acid.

Technology.s... Updraft sintering (op-
tional partial offgas
recirculation), conven-
tional smelting, sul-
furic acid plant, and
pyrometallurgical
refining.

Feed sources... Custom and captive smelt-
ing; since the end of
1983, some concentrates
are from the company's
Buick Mine; also, con-
centrates from Cominco

were processed until the
end of 1984.

Product grades., Lead bullion is 98 pct;
refined lead grade 1is
+99,99 pct.

Buick's single-contact sulfuric acid
plant is designed to produce 221 st/d of
sulfuric acid from sinter machine high-
strength offgas, which contains 4 to 7
pet 503, The facility had utilized a
six-compartment baghouse to remove dust
from the high-strength 50, offgases. 1In
1983, this baghouse was replaced with an
ESP and a venturi scrubber operated in
gseries. Low—-strength 80, offgases from
the sinter machine and the blast furnaces
are treated by a baghouse. A 200-ft
stack 1s included in the facility design
to discharge major process offgases.
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Table A-1 1s based upon 1979 data as
reported in the Missouri SIP. The tabu-
lation presents the control methods and
the uncontrolled and the controlled emis-
slon levels. The reported production
rate was 135,000 st/yr of refined lead,
which produced an uncontrolled lead emis-
sion 1nventory of 52,451 1b/d and re-
sulted in a controlled lead emission in-
ventory of 4,105 1b/d. Overall emission
control efficiency was 92.2 pct.

Point—-source emissions contributed 23.7
pct to the total controlled lead emission
inventory. These were controlled at an
efficlency of 97.9 pct and limited to 971
1b/d. This was accomplished using a bag-
house and acid plant for on the sinter
machine to control high-strength S0, off-
gas, and a baghouse for the low—-strength
offgases from the sinter machine and
blast furnace. Other polnt sources were
controlled by the use of nine dynamic
scrubbers. The two principle emission
sources were the main stack (341 1b/d)
and the scrubber 1 stack (349 1b/d).

emissions accounted
total controlled
These were con-—

Process fugitive
for 69.0 pct of the
lead emission inventory.

trolled at an efficiency of 51.7 pet and
were limited to 2,831 1b/d. These re-
sulted from several sources although

2,122 1b/d was attributed to the sinter
machine and its ancillary equipment.

Open fugitive emissions accounted for
7.3 pct of the total controlled lead
enission inventory. These emisslons were
controlled at an efficlency of 35.9 pet
and were limited to 303 1b/d. These re-
sulted from several sources although 244
1b/d was attributed to resuspension of
dusts and to open storage.

Table A-2 is based upon the 1985 Mis-
souri Air Quality Data and Lead Emissions

report. The control methods essentially
indicate compliance with the consent
order, which is part of the SIP and the
resultant uncontrolled and controlled
emigsion levels at the Bulck smelter-
refinery.
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TABLE A-1. - Buick smelter-refinery: Emilission control methods and lead
emission inventory, 1979, at 135,000 st/yr refined lead (2)1
Overall
Emission source Control method Emission inventory, 1b/d control
and/or environment Uncontrolled | Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stack (sinter plant, { Baghouses and acid plant 34,100 341 99.0
blast furnaces, others).
Scrubber stack:
l (sinter preparation). | Dynamic scrubber........ 833 25 97.0
2 (sinter crushing and | +cedOceereicncncrceresnns 2,494 349 86.0
return handling).
3 (sinter return)eceess | coedOeersosssosscecannas 500 9 98,2
4 (sinter returN)ecesee | seedOesosnosssnssssvsseenrs 2,126 b4 97.0
5 (sinter return)esssss ;| eoedOsssoressssscensssns 2,126 64 97.0
6 (sinter preparation vesdOecssccccencscssensa 2,126 64 97.0
and return).
7 (blast furnace charge | ¢e.dO0cssecerssosssccanss 790 24 97.0
preparation).
8 (blast furnace charge | «eedOeeccnccensccaneense 790 24 97.0
preparation).
9 (blast furnace charge | «c.d0eiccccecstcacannass 227 7 96.9
preparation). l
Total or averageesss | NADe e ssoovosososvososns 46,112 971 97.9
PROCESS FUGITIVE EMISSIONS
Ore concentrate storage,
unloading, and handling. | Enclosed building....... 352 70 80.1
Mixing and pelletizing... | Enclosed bullding with 465 279 40.0
conveyor scrubbers.
Sinter machine, sinter Semienclosed building, 4,244 2,122 50,0
crushing, return and electrostatic precipi-
handling. tator, and settling
chamber.
Blast furnace charging, Enclosed building with 234 94 59.8
slag granulation, roof semienclosed conveyor.
ventilator.
Molten lead transfer..... | Enclosed building with 192 77 59.9
roof ventilator.
Dross kettlies.esesevesss. | Enclosed building....... 49 39 20.4
Lead casting.eeeeecececoe | eee@0ticcnnnss checsreaas 180 90 50.0
Baghouse dust transfer... | Enclosed building, wet 150 60 60.0
ugging and conveyors.
Total or averageeses | NADe s sosocssssosossssses 5,866 2,831 i 51,7
QPEN FUGITIVE EMISSIONS
Sinter trangferssecsssees | Open storage pllesessoees 18 18 0
Storage (to dump pile)e.s | vvedOeeccssnrncecsvansns 16 16 0
Secondary and slag pllec. | cee0cececesscecaannnane 25 25 0
Resuspensionscs.ssssseess | Water spray plant roads 414 244 41.1
and paved areas.
Total or averageesee | NADueossocovsncsseconsoes 473 303 35.9
Grand total OF avees  NADue.ouienoosaosovnnanna 52,451 4,105 92,2

NAp Not applicable.

lUnderlined numbers in parentheses

the appendixes.

refer to items

in the list of

references preceding



TABLE A-2. - Buick smelter-refinery:

emission inventory, 1985, at 161,000 st/yr refined lead (8)

Emission control methods and lead
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Overall
Emissicn source Control method Emission inventory, 1b/d control
and/or environment | Uncontrolled | Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stack (sinter plant, | Add electrostatic 40,669 251 99.4
blast furnaces, others). | precipitator and
Scrubber stack: venturi scrubber.
1 (sinter preparation). | No change.sceceeesn. 993 22 97.8
2 (sinter crushing and | ...d0ceevercscceess 2,974 22 97.8
return handling).
6 (sinter preparation eesl0eaccnscencenana 2,535 93 96.3
and return).
7 (blast furnace charge | eeedOsesssssssesass 942 57 93.9
preparation).
8 (blast furnace charge | «+¢dOsecscesacssens 942 15 98.4
preparation).
9 (blast furnace charge | «+ed0scsssssscssnns 271 11 95.9
preparation).
Stack, baghouse {sinter Replaces scrubbers 5,668 17 99,7
return). 3-5.
Total or averageesss | NADisssssssnccsanas 54,994 488 99.1
PROCESS FUGITIVE EMISSIONS
Ore concentrate storage, Add conveyor skirts 420 17 96,0
unleoading, and handling. and hoods.
Mixing and pelletizing...| ccedOeccirccnncaaes 555 166 70.1
Sinter machine, sinter Add baghouse, con- 5,061 277 94,5
crushing, return and veyor skirts and
handling. hoods.
Blast furnace charging, Add conveyor skirts 234 22 90.6
slag granulation, roof and hoods; modify
ventilator. blast furnaces.
Molten lead transfere....| Add improved stan- 229 64 72.1
dard procedures.
Dross kettleSeeeeeeesese. | No change..ceeeeee. 58 47 19.0
Lead castingeeescccsvesss | soedO0sensrecosavsss 215 107 50,2
Baghouse dust transferssse | eoedOsesssssncasass 179 71 60.3
Total or average...«. | NAPececececeocoonss 6,951 771 88.9
OPEN FUGITIVE EMISSIONS
Sinter transfercececeesse | Add storage 18 5 72.2
building.
Storage (to dump pile)... | No changeeeseesseses 16 16 0
Secondary and slag pile.. ] Add storage 25 3 88.0
building.
Resuspensioneesssseesssss | Add paving and 414 122 70,5
vacuum cleaning.
Total or averageesse | NADeosassaesassanss 473 146 69.1
Grand total or avees | NAPecoveeaoensoaees | 62,418 1,405 97,7

NAp Not applicable.
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The reported production rate of 161,000
st/yr of refined lead in 1985 was an ex-
trapolated value based on limited months
of production owing to a protracted
strike. Actual 1985 annual production
was 131,500 st/yr. Based on the extrapo-
lated 1985 data, an uncontreolled lead
emission dinventory of 62,418 1b/d was
controlled to a 1lead emission inventory
of 1,405 1b/d. Overall emission control
efficiency was 97.7 pct. Adjusting the
1985 data to the 1979 annual production
rate of 135,000 st/yr, the uncontrolled
emission inventory would be 52,451 st/yr;
the controlled emission inventory would
be 1,181 1b/d. Overall efficlency re-
mained at the 1985 level of 97.7 pct. An
emlssion reduction of 2,700 1b/d is indi-
cated from table A-2 with a true reduc-
tion based on 1979 production rates of
2,264 1b/d as calculated.

Point-source emigsions in 1985 contrib-
uted 34.7 pct to the total controlled
lead emission inventory. These emissions
were controlled at an efficiency of 99.1
pct to 488 1b/d on an extrapolated basis
and 409 1b/d on a 1979 adjusted basis.

The principal source was the main stack
at 251 1b/d on an extrapolated basis and
211 ib/d on an adjusted 1979 production
rate basis. Consent corder plant improve-
ments were essentially complete.

Process fugitive emissions accounted
for 54.9 pct of the total controlled lead
emission inventory. These emissions were
controlled at an efficiency of 88.9 pct
and were limited to 771 1b/d on an ex-
trapolated basis and 646 1b/d on a 1979
adjusted basis.

Open fugitive emissions would account
for 10.3 pct of the total controlled lead
emission inventory. These emissions
would be controlled to an efficiency of
69,1 pct and would be limited to 146
1b/d. Resuspension of soils would result
in 102 1b/d based on 1979 production.
Since these are uneffected by production
rate, no adjustment was necessary.

Table A-3 18 the theoretically optimum
lead emission inventory based on investi-
gations. The production rate was assumed
to be 135,000 st/yr of refined lead,
which was reported in 1979. The uncon-
trolled lead emission inventory would be

52,451 1b/d and would result 1in a con-
trolled lead emission 1nventory of 654
1b/d. Overall efficiency of plant emis-—

sion controls would be 98.8 pct. An in-
dicated emission reduction in 1985 would
be 751 1b/d; a true indicated reduction
based on 1979 production levels would be
524 1b/d.

Point—-source emissions would contribute
30.9 pct to the total controlled lead
emission inventory. These emissions
would be controlled to an efficlency of
99.6 pct and are limited to 202 1b/d.
The principal source would remain the
main stack at 136 1b/d.

Process fugitive emissions would ac-
count for 46.8 pct of the total con-
trolled lead emission inventory. These
would be controlled to an efficiency of
94.8 pct and would be 1limited to 306
1b/d. The sinter area would account for
170 1b/d.

Open fugitive emissions would account
for 22.3 pct of the total controlled lead
emission inventory. These would be con-—
trolled to an efficiency of 69.1 pct and
would be 1limited to 146 1b/d. Resuspen-
sion of dust would result in 122 1b/d
based on 1979 production.

Table A-4 reports detailed capital cost
estimates for Buick outlining the costs
associated with the following:

0 Enclosing existing openings on pro-
cess-related buildings presently emanat-
ing lead-bearing fugitive dust.

0 Installing new baghouses and adding
positive fan—1induced ventilation.

¢ Adding new bulldings to enclose con-
centrate, sinter, and lead-bearing dust
storage areas.

0 Adding selective local controls.



TABLE A-3. - Buick smelter—refinery:

and lead emission inventory at 135,000 st/yr refined lead
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Theoretical emission control methods

Overall
Emission source Control method Emission inventory, lb/d control
and/or environment Uncontrolled | Controlled | efficiency,
pct
POINT~SQOURCE EMISSIONS
Main stack (sinter plant, { Optimize baghouse 34,190 136 99.6
blast furnaces, others). efficiency.
Scrubber, stack:
1 (sinter preparation). | Operational improve- 883 6 99.3
ment to match scrub-
ber 2.
2 {sinter crushing and | No change....ceuacans 2,49 17 99.3
return handling).
6 (sinter preparation Operational improve- 2,126 15 99.3
and return). ment to match secrub-
ber 2,
7 (blast furnace charge | eeedOecessssssssssses 790 6 99,3
preparation).
8 (blast furnace charge | ss+dOsesssssssssssosrs 790 6 99.3
preparation).
9 (blast furnace charge| «s.dOcessseacenssosss 227 2 99.3
preparation).
Stack, baghouse (sinter No changesssessescess 4,752 14 99.7
return).
Total or average.... | NADesssasssssassaossns | 46,112 202 99.6
PROCESS FUGITIVE EMISSIONS
Ore concentrate storage, | Add bullding and pos- 465 19 95.9
unloading, and handling. itive ventilation.
Mixing and pelletizing... | Enclosure and posi- 465 19 95.9
tive ventilation of
building.
Siater machine, sinter essd0ssssssevensrssns 4,244 170 96.0
crushing, return and
handling.
Blast furnace charging, Seal roof ventilator 234 9 96.2
slag granulation, roof and add positive
ventilator. ventilation.
Molten lead transferse.,. | Cover ladle during 192 25 87,0
transfer.,
Dross kettlesSicisscesesees | Enclosure and posi- 49 2 95.9
tive ventilation of
building.
Lead castingececevicsceee | eeedOecveccntassnonas 180 7 96.1
Baghouse dust transfer... | No changesescesceeses 150 60 60.1
Total or averagesses | NADs s easssseesssncnss 5,866 306 94.8
QPEN FUGITIVE EMISSIONS
Sinter transferc.........{ No change...ccceccac.. 18 5 72.2
Storage (to dump plle)ess | esedOersscansencecans 16 16 0
Secondary and slag pile.. | ¢eed0ceecscerccccenss 25 3 88.0
Resuspensiofecseessssssee | s0ed0sersecvennnccesns 414 122 70.5
Total or average...» | NADeovseoreceersronns 473 146 69,1
Grand total Or aveee | NADecesveovsnrerovvns 52,451 654 98.8

NAp Not applicable.
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TABLE A-4. - Buick smelter-refinery:

enclosures, baghouses, and local controls

Estimate of capital cost (1985) for building

Control T Equipment Instrumentation | Construction | Subcontractor Field
|  Primary Ancillary and controls materials installation labor
Enclosure of existing
buildings for--
Storage and reclamation
(bunker)essscesscananans NAp NAp NAp 1,200 619,900 200
Sinter preparatioNsssacee NAp NAp NAp 5,500 195,500 1,700
Sinter crushingesesrsssass NAp NAp NAp 42,900 8,400 13,200
Smelting, drossing,
refining.svveccencosvasas Nap NAp NAp 18,000 NAp 5,700
Blast furnace preparatien NAp NAp NAp 4,700 NAp 1,500
Totalevevveoeennvsvoas NAp Nap NAp 72,300 823,800 22,1300
Baghouses for——
Storage and reclamation
(bunker)escsvscensesanss 789,000 52,600 126,240 NAp 1,345,298 ! NAp
Sinter preparation....... 615,000 41,000 98,400 NAp 1,048,616 | NAp
Sinter crushing.seveecaes 1,455,000 97,000 232,800 NAp 2,480,872 Nap
Smelting, drossing,
refining. 3,375,000 225,000 540,000 NAp 5,754,600 NAp
Blast furnace preparation 372,000 24,800 59,520 NAp 634,285 NAp
Totalesusaasrsvonsosnns 6,606,000 440,400 1,056,960 NAp 11,263,671 NAp
Grand total......... | 6,606,000 440,400 1,056,960 72,300 12,087,471 22,300
Construction Sales tax Contractor's
equipment Construction Capital Freight Insurance overhead
ugage materials equipgent and profit
Enclosure of existing
buildings for--
Storage and reclamation
(bunker)eseeveesavrsoncen 100 NAp 48 48 NAp 233,023
Sinter preparabtion..sesses NAp Nap 220 i 220 NAp 76,013
Sinter crushingesssecsass 200 NAp 1,716 | 1,716 NAp 24,263
Smelting, drossing,
refiningeesviinscsinanee NAp NAp 720 ! 720 NAp 8,888
8last furnace preparation NAp NAp 188 188 NAp 2,325
Totaleseosneassnssnens 300 NAp 2,892 2,892 NAp 344,514
Baghouses for--
Storage and reclamation
(bunker)eeescecasasesses NAp 26,906 38,714 38,714 9,678 NAp
Sinter preparationescesss NAp 20,972 30,176 30,176 7,544 Nap
Sinter crushing...veesses Nap 49,617 71,392 71,392 17,848 NAp
Smeltring, drossing,
refining..ceieevecessiere NAp 115,092 165,600 165,600 41,400 NAp
Blast furnace preparation NAp 12,686 18,253 . 18,253 4,563 NAp
Totalsveeoseenvovnnness NAp 225,273 324,235 | 324,135 ! 81,033 NAp
Grand totaleesssssas 300 225,273 327,027 327,027 ! 31,033 344 514
Construction| Engineering T7
and fleld procurement Escalation ! Contingency Totals Worker—
indirect and coustr. to July 1985 hours
mansgement
Enclosure of existing
buildings for--
Storage and reclamation
(bUNKET)eeossnannnnonans 235 104,733 18,021 244,377 1,221,887 11
Sinter preparationsesesss 1,998 34,443 5,878 80, 368 401,840 91
Sinter crushingesssesvees 15,510 13,174 1,876 30,739 153,694 673
Smelting, drossing, i
refining.ceerececranenes | 6,698 4,969 i 687 11,595 57,977 298
Blast furnace preparation | 1,763 1,301 j 180 3,036 15,181 78
Totalecenonsoeanacsnaas 26,204 158,620 ; 26,642 370,115 1,850,579 1,151
Baghouses for=-
Storage and reclamation
(bunket)eevsenenesensseee . 1,054,946 NAp NAp NAp 3,482,096 NAp
Sinter preparation..ssse: | 822,296 NAp NAp NAp 2,714,180 NAp
Sinter crushingesseeanssa| 1,945,432 NAp NAp NAp 6,421,353 NAp
Smelting, drossing,
refiningiceescoacanssans 4,512,600 NAp NAp NAp 14,894,892 NAp
Blast furnace preparation| 497,389 _ Nap NAp NAp 1,641,749 NAp
Totaloareeevosnnsonnns 8,832,663 NAp NAp NAp 29,154,270 NAp
Local cONLTOLSesrassessaess|  NAp NAp NAp Nap 24,169,469 NAp
Grand totaleess.c...| 8,858,867 158,620 26,642 370,115 55,174,318 1,151

NAp Not applicable.



All costs are as of July 1985, and
assume the use of conventional process
technology in use at the plant. Base
equipment capital costs were derived
using the volumetric air flow rate deter-
mined from building volume and 15 air
changes per hour.

Table A-5 outlines the procedure for
estimating for factored operating costs
at Buick. Cost estimates are factored
based on estimated staffing requirements
consldered necessary to operate the addi-
tional baghouses and ancillary equipment.
Wage rates were determined from current
labor union contracts at Buick. Power
costs were based upon estimated consump-
tion requirements and known utility
charges.

TABLE A-5. - Buick smelter—-refinery:
for additional baghouses
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Table A-6 summarizes all estimated cap-
ital and operating costs required to
achieve the theoretical 1lead emission
inventory levels. The table 1includes
costs for enclosing existing buildings,
adding baghouses and associated venti-
lation systems, erecting new buildings
for the containment of storage areas,
and adding selected local controls. Two
sets of «costs are provided: costs for
meeting the proposed ambilent lead stan-
dards by means of (1) conventional dross-
ing technology, and (2) a continuous-
drossing system similar to that in use in
Australia.

Factored operating cost estimate

Cost category Calculation Annual cost
(1) Labor:
(a) Direct labor,! 4 operators:
Regularieeeeeeveensceescnsaeas | 4 x 2080 hfyr x $11.94/heu...... 599,341
Overtimeseseceesesssscosessesss | & x 110 h/yr x $11.94/h x 1.5... 7,880
Subtotal direct labor....... | (Regular + overtime)eceesseveres 107,221
(b) Direct labor supervisionesss.. | 15 pct of (a) = 0.15 x $107,221, 16,083
(c) Maintenance laborisscessseesss | 100 pct of (a) = 1.0 x $107,221. 107,221
(d) Maintenance labor supervision. | 20 pct of (a) = 0.20 x $107,221, 21,444
(e) Subtotal labor and
supervisioneiesecsssseesee | (@) + (b)Y + () + (d)evesscscans 251,969
(£) Payroll burden and fringe
benefitBeceeeneanse cscesanens 35 pet of (e) = 0.35 x $251,969. 88,189
(1) Total labOreesccsssvsones (e)+(f)-ao--a-cl.onoclnllnnoca 340,158
(2) Maintenance materials and supplies | 50 pect of (¢) = 0.5 x $107,221.. 53,613
(3) Indirectesoecssececosvasscacassones 40 pct of (e) = 0.40 x $251,969. 100,788
(4) General and administrativeseessese | 15 pct of (a) = 0.15 x $107,221. 16,083
(5) Bag replacements.ssesssescsesassss | 20 pct of baghouse capital costs
every 2-1/2 yr = 0.2
x 56,606,000 + 2.5.0sveescescen 528,480
(6) POWETeeoseseoncnscsssansncseacnnses | 3,466 kW at 3.71¢/kWeheeevensses | 1,080,144
(7 Subtotaleesssssscensonnce | (L)F(2)H(3)+(4)H(5)+(6)eeccennns 2,119,266
(8) Contingencyseesssescoseseacsasscssa| 20 pct of (7)eveeusnsacssssncnns 423,853
{9) Grand tota@leesececssnsene ! {T)H(8)iiinnncecennnannnnnnsnse 2,543,119

1Average costs based on current Missouri smelter-refinery labor contract including
adjustments for shift differentials and wage rates.
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TABLE A-6. — Buick smelter—refinery: Capital and operating cost summary
for two alternative ambient lead environmental controls

Conventional process technology:

Capital:
Existing building encloSureecessseceseessssessacassssosnsasanccasssssecss 91,850,579
BaghoUSB@ieeiiaseeeeastotececassonttsnseasosccoscnscscsssscccccnnsssssns 29,154,270
Local cONtToleuseeeeensceacnensonsscessseccssocsascanasascesccsnssvass 24,169,469
Totalevesenosrnsvesnororssecccncsnoscossnrsononssosnsrssnssanssnreecnsees 23,174,318
Operating: -
BaghHOUBEe et cteneactacesnncsncttssnssncnassossssncnscncnnnacsesennnsans 2,343,100
Local CONLIOlscesscessessssosanennsscesnsssosossearsssnstosssosasnacssss 974,200
TotaAlesssssesssesssnnssnnsasettsssssatosanasnnsasassesnossssssssassnsnne 3,517,300
Continuous—-drossing technology: - -

Capital:
Existing bulilding enclosurecissesctacassssecscssssasoscsonsososssansos 1,850,579
BAaghoOUSeeertseetacsoanevososrsossssncnssonnonsncsssosconnnnssansvnesasse 29,154,270
Local controleeseesssssseeecesvesonossenscannsocssnasancseansssnnsnnes 25625269
TOtAlessssssssassassosesossoncsscsassocsesssasutnesossessssecnsersss 56,630,118
Operating: e
BaghOUS e sssesssosessosecceersaoosssssssssscnnasssassassassesasnnnssas 2,543,100
Local CONEILOls ersonsosrsrosonsocsosncosnsnoresnsnenorsrsonssssasassenssse 666,900
Totaleceeeesossseeessssacsssosnssesssasanaancnsscsassossncnsnsnescens 3,210,000
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APPENDIX B.-—GLOVER SMELTER-REFINERY DATA

Operational data and environmental reg-
ulation implementation technology and
erected capital and operating costs for
ASARCO's Glover smelter-refinery are sum—
marized on the following pages. Figure
B-1 is a plan view of the facility show~
ing the plant layout. Table B-1 reports
actual historical lead emission data, and
table B-2 reports theoretical emission
values based cn best available control
technology (BACT) for this facility. A
summary of estimates for building enclo-
sures, baghouses, and local control capi-

tal costs 1is given 1in table B-3. Table
B-4 shows a factored estimate of oper-
ating costs for additional baghouses.
Table B-5 summarizes all estimates of

capital and operating costs for reducing
lead in ambient air to its lowest theo-
retical level. The table gives the costs
utilizing conventional process technology
as well as an alternative approach using
continuous—-drossing technology.

Ownership...... ASARCO Inc,

History........ Constructed in 1966-67;
operational in 1968.

Design capacity Refined lead -~ 100,000
st/yr.

Recent capacity 1981 - 76 pct; 1982 - 132

utilization. pct (includes stockpile
reduction); 1983 - 93
pet; 1984 - 78 pet.

Products and
byproducts.

Refined lead, copper
matte, silver dore,
cadmium.

Technology..... Updraft sintering with no
offgas recirculation,
conventional .smelting,
or pyrometallurgical
refining.

Feed sources... Since 1984, plant smelts
and refines concentrates
from Cominco American
Inc. mines on a toll

basis. 1In previous
years, concentrates were
from Ozark Lead.

Refining does not include softening for

removal of antimony, tin, arsenic and
bismuth. The plant does not have an acid
plant. The sinter plant operates with a

baghouse and stack.

Table B-1 is based wupon 1979 data as
reported in the Missouri SIP., The tabu-
lation lists the control methods and the
uncontrolled and the controlled emission
levels. The designed production rate was
110,000 st/yr of refined lead, which pro-
duced an uncontrolled lead emission in-
ventory of 73,594 1b/d and resulted in a
controlled lead emission inventory of 882
1b/d. Overall emission control effi-
ciency was 98.8 pct. The plant achieved
an ambient lead value for the study peri-
od of 1.18 pg/m3, which was well within
the standard. ASARCO opted to use a com—
puter model to regulate the emission dis-
persion; consequently, no further testing
has been reported.

Point-source emissions contributed 62.5
pct to the total controlled lead emis-
sions 1inventory. These emissions were
controlled at an efficiency of 99.2 pet
and iimited to 551 1b/d. This was accom~
plished using baghouses on the sinter
machine and blast furnace to control off-
gases. Other point sources were con-—
trolled by using baghouses and a scrub-
ber. The two principal sources were the
main stack and the sinter c¢rushing
returns stack at 203 1b/d and 214 1b/d,
respectively.

Process fugitive emissions accounted
for 19.7 pct of the total controlled lead
emissions inventory. These emissions
were controlled at an efficiency of 95.6
pct and were limited to 174 1b/d. The
three principle sources were the sinter
building, the blast furnace area, and the
drossing area, which produced 51 1b/d, 64
1b/d, 64 1b/d, and 43 1b/d, respectively.
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TABLE B-1, - Glover smelter-refinery:

emission inventory, 1979, at 110,000 st/yr refined lead (5)
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Emission control methods and lead

Overall
Emission source Control method Emission inventory, 1b/d control
and/or environment Uncontrolled | Controlled | efficiency,
pect
POINT-SOQOURCE EMISSIONS
Main stack (sinter BaghouSe..ceeeeosss 14,500 203 98.6
machine).
Stack (blast furnace and veedOsescesnsnarsne 9,970 100 99,0
drossing kettles).
Stack (sinter preparation| Venturi scrubber... 1,685 34 98.0
mixing system).
Stack (sinter crushing BaghouSessesrsarves 42,800 214 99.5
returns).
Total or averagesees | NAPeossecssannnnaas 68,955 551 99.2
PROCESS FUGITIVE EMISSIONS
Sinter buildingee«ssssess. | Semienclosed build- 3,284 51 98.4
ing with frequent
washdown.
Blast furnace areaeses..., | Senlienclosed build- 183 64 65,0
ing with ventilated
tapping operation.
Drossing areaseseesevsess | Semienclosed build- 176 43 75.6
ing with kettle
fumes to baghouse
and ladles water
cooled after
transfer.
Refinery area@essessesseses | Semienclosed build- 120 122 90.0
ing with gravity
tapping.
Concentrate storage and Semienclosed build- 175 97.7
handling. ing with submerged
bins.
Total or averages.e. | NADivevoseesosnnsan 3,938 174 95.6
OPEN FUGITIVE EMISSIONS
Concentrate truck Open areaj no 55 55 0
unloading. control.
Granulated storage piless | veedOssvescsrrrenns 1 1 0
Baghouse dust unloading.. | Clinkered by mois- 254 1 99,6
turization in
baghouse.
Resuspension.seecsssseesss | Water spray plant 391 100 74,4
roads and paved
areas.
Total or averageeess | NADesvesvvssvoosoes 701 157 77.6
Grand total of avVees | NADvesvveeosvneonee 73,594 882 98.8

NAp Not applicable.
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TABLE B-2. - Glover smelter-refinery: Theoretical emission control methods
and lead emission inventory, at 110,000 st/yr refined lead

Overall
Emission source Control method Emission inventory, 1lb/d control
and/or environment | Uncontrolled | Controlled | efficiency,
pet
POINT-SOURCE EMISSIONS
Main stack (sinter Improve baghouse 14,500 44 99.7
machine). efficiency.
Stack (blast furnace and |c..dDeesececcsssccsas 9,970 30 99,7
drossing kettles).
Stack (sinter preparation | Improve scrubber 1,685 3 899.8
mixing system). efficlency (higher
pressure drop).
Stack (sinter crushing Improve baghouse 42,800 128 99.7
returns). efficiency.
Total or average.cec. | NADeeeeeeeenrannens 68,955 205 %9.7
PROCESS FUGITIVE EMISSIONS
Sinter buildingeieeeseees | Enclose building 3,284 10 99.7
and ventilate with
baghouse.
Blast furnace areaesssess | se280evrsvrscscrnrsee 183 1 99.5
Drossing are@scssececesss | sosDicovnsnncnnanan 176 1 99.4
Refinery are@cseeeesseoce | vsed0sverssncnnsons 120 1 99,2
Concentrate storage and esed00eessssscnrnns 175 1 99,2
handling.
Total or averageessss | NAD ce vt evooeansnss 3,938 14 99.4
OPEN FUGITIVE EMISSIONS
Concentrate truck Building with bag- 55 8 85.5
unloading. house ventilation.
Granulated storage pile.. | No changeesoceseoese 1 1 0
Baghouse dust unloadinges | seedOscecssesssnase 254 1 39.6
Resuspensioneceseacscceces | sesdOecccocenconnns 391 100 74,4
Total or averagessss | NADsuseossasacovnss 701 110 84,3
Grand total or ave.. | NADuseecaeosaucennas 73,594 329 99.6
NAp Not applicable.
Open fugitive emissions accounted for level would be 553 1b/d 1less than iIn
17.8 pct of the total controlled 1lead 1979.

emission inventory.

These emissions con-

trolled at an efficiency of 77.6 pct and
were limited to 157 1b/d. These resulted
from several sources although 100 1b/d
was attributed to resuspension of soils
and open storage.

Table B-2 is the theoretically optimum
lead emission inventory based on investi-
gations. The production rate was assumed
to be 110,000 st/yr of refined lead. The
uncontrolled 1lead emissions inventory
would be 73,594 1b/d and would result in
a controlled lead emissions inventory of
329 1b/d. Overall emissions control ef-
ficiency would be 99.6 pct. The emission

Point—-source emissions would contribute
62.3 pct to the total controlled lead
enissions Iinventory. These emissions
would be controlled to an efficlency of
99.7 pct and 1limited to 205 1b/d. The
principal source would be sinter crushing
returns at 128 1b/d.

Process fugitive emissions would ae-
count for 4.3 pct of the total controlled
lead emissions inventory. These would
be controlled to an efficiency of 99.6
pct and would be 1limited to 14 1b/d.
The sinter building would account for
10 1b/d.




TABLE B-3. - Glover smelter-refinery:

baghouses, and local controls
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Estimate of capital cost {1983) for building enclosures,

Control Equipment Instrumentation | Construction| Subcontractor Field
Primary Anecillary and controls materials installation labor
Enclosure of existing
buildings for--
Blast furnace, dross-
ing, and refining... Nap NAp NAp 368,200 29,200 115,300
Receiving bineeeesess Nap NAp NAp 203,300 14,600 65,300
Sinteringescasecocess Nap NAp NAp 50,500 15,300 15,900
Truck unloadingeee.s. NAp NAp Nip NAp 223,200 NAp
Totaleeeesssoocens 622,000 282,300 196,500
Baghouses for—-
Blast furnace, dross-
ing, and refining... 8,475,000 565,000 1,356,000 NAp 11,851,440 Nap
Recelving blncessesas 7,414,500 494,300 1,186,320 NAp 10,368,437 NAp
Sinteringesosensesaes 4,237,500 282,500 678,000 NAp 5,925,720 NAp
Truck unloadingesesss 97,500 6, 500 15,600 NAp 44,252 NAp
Totaleesseeosevane 20,224,500 1,348,300 3,235,920 NAp 28,189,849 NAp
Grand total..... 20,224,500 1,348,300 3,235,920 622,000 28,472,149 196,500
Construction Sales tax Contractor's
equipment Construction Capictal Freight Insurance overhead
usage materials aquipment and profit
Enclosure of existing
buildings for--
Blast furnace, dross-
ing, and refining... 1,700 NAp 14,728 14,728 NAp 192,900
Recelving bin..eeeen. 1,900 Nap 8,132 8,132 NAp 106,913
Sintering.eesessnaess NAp NAp 2,020 2,020 NAp 30,638
Truck unloadingeecesos NAp NAp NAp NAp NAp 83,700
Totalesssesssasses 3,600 NAp 24,880 74,880 NAp 434,151
Baghouses for——
Blast furnace, dross-—
ing, and refining... NAp 237,029 415,840 415,840 103,960 NAp
Receiving bin...esn.. NAp 207,369 363,805 363,805 90,951 NAp
Sinteringesceeenceses Nap 118,514 207,920 207,920 51,980 NAp
Truck unloadingeseses NAp | 885 4,784 4,784 1,196 NAp
Totaleserseososnes Nip | 563,797 992, 349 992, 349 248,087 NAp
Grand totalssees 3,600 563,797 1,017,229 1,017,229 248,087 414,151
Construction | Engineering )
and field procurement Escalation Contingency Totals Worker-
indirect and constr. to July 1985 hours
management
Enclosure of existing
buildings for--
Blast furnace, dross—
ing, and refining... 135,478 106,458 14,918 248,402 1,242,012 6,014
Receiving bincesecasves 76,728 59,193 8,268 138,116 690,582 3,253
Sinteringesesssessase 18,682 16,492 2,369 38,480 192,402 842
Truck unloading...... NAp 37,605 6,473 87,744 438,722 NAp
Totaleeeaesoaonres 230,889 219,748 32,028 512,742 2,563,718 10,109
Baghouses for--
Blast furnace, dross-—
ing, and refining... 11,331,640 NAp NAp NAp 34,751,749 NAp
Recelving bineceees,ss 9,913,681 Nap Nap Nap 30,403,168 NAp
Sinteringessssvaviune 5,665,820 NAp Nap Nap 17,375,874 NAp
Truck unloading...... 60,996 Nap NAp NAp 236,497 NAp
Totaleeerrieeennanns 26,972,137 NAp Nap NAp 82,767,288 NAp
Local controlssesseesss NAp NAp NAp NAp 11,697,600 NAp
Grand totalsesss 27,203,026 219,748 32,028 512,742 97,028,606 10,109

NAp Not applicable.



32

TABLE B-4. - Glover smelter-refinery:

for additional baghouses

Factored operating cost estimate

Cost category

Calculation

Annual cost

(1) Labor:

(a) Direct labor,! 4 operators:
Regulareeieecscecrsssccenssoss
Overtime..ceseeceronessanasane

Subtotal direct labor.iecesa..

(b) Direct labor supervision......

(c) Maintenance 1abOTe.sesccesasss

(d) Maintenance labor supervision.

(e) Subtotal labor and

supervision.ccecasscennes

(f) Payroll burden and fringe

benefitBeseervscvcerssecnvnes
(1) Total laboCesssessosscass
(2) Maintenance materials and supplies
(3) Indirecteecesesesccsscssresessossns
(4) General and administrative..ceccs..
(53) Bag replacementesessevsscovsssssoes

(6) POWETeeeteencoananna ceesecevacense
(7) Subtotalesesereverosornss
(8) ContingenCY|'!.lll"..l.ll.l.!.ll.

(9) Grand totaleeesscceccssee

4 x 2080 h/yr x $11.94/h........
4 x 110 h/yr x $11.94/h x 1,5...
(Regular + overtime)...cecesssas
15 pet of (a) = 0.15 x $107,221.
100 pet of (a) = 1.0 x $107,221.
20 pet of (a) = 0.20 x $107,221.

@) ¥+ (b)) + (&) + (d)evecssncace

35 pet of (e) = 0.35 x $251,969.
() + (£)ecevsssssssscansssassnss
50 pet of {c) = 0.5 x §$107,221,,
40 pet of (e) = 0.40 x $251,969.
15 pet of (a) = 0.15 x $107,221.
20 pet of baghouse capital costs
every 2-1/2 yr = 0.2

x 520,224,500 % 2.5¢e0000vcenne
10,372 kW at 3.71¢/kWeheccccnnn.
(L)H(2)H(3)+HA)H(5)H(6) e nvaennss
20 pet Of (7)eesssssssssnnscscns

(7)+(8).-ou--------oooovouoooooc

$99,341
7,880

107,221
16,083
107,221
21,444

251,969

88,189

340,158
53,613
100,788
16,083

1,617,960
3,232,330

5,360,932
1,072,186

6,433,118

1Average costs based on current Missourl smelter-refinery labor contract including
adjustments for shift differentials and wage rates.

Open fugitive emissions would account All costs are as of July 1985

and as-

for 33.4 pct of the total controlled lead sume the use of conventional process

emissions inventory. These emissions
would be controlled to an efficiency of site. Base equipment capital
110 derived using the volumetric air flow
rate determined from building volume and

84.3 pet and would be limited to

1b/d. Resuspension of soils would ac-

count for 100 1b/d of that total.

Table B-3 reports detalled capltal cost Table B-4 outlines the procedure
estimates for Glover, outlining the costs

associated with the following:

0 Enclosing existing openings on pro-—
cess-related buildings presently emanat— tional baghouses, and ancillary
ment. Wage rates were determined

ing lead-bearing fugitive dust.

15 air changes per hour.

Glover. Cost estimates

technology currently 1in use at the plant

costs were

for

estimating factored operating costs at
are

factored

based on estimated staffing requirements

considered necessary to operate the addi-

equip-
from

¢ Installing new baghouses and adding current labor union contracts at Glover.
Power costs were based upon estimated

positive fan-induced ventilation.

0 Adding new bulldings to enclose con-

centrate, sinter, and lead-bearing dust ity charges.

storage areas.
¢ Adding selective local controls.

consumption requirements and known util-



Table B-5 summarizes all estimated cap-
ital and operating costs required to
achieve the theoretical 1lead emission
inventory levels. Included are costs
for enclosing existing buildings, adding
baghouses and associated ventilation sys-
tems, erecting new buildings for the

containment of storage
lected local controls.

are provided:
posed ambient lead standards

(2) a continuous—drossing
to that in use in Australia.

TABLE B-5. - Glover smelter-refinery:
for two alternative ambient lead environmental controls

Conventional process technology:
Capital:
Existing building encloBUre@ccssvevsesvsesvscsscesessvnsonvssssssvcsrssse
BaghoUuSeesssesssseeersvsrssercsssonsecessssocserrsorsnccssssstsssccesssne
Local cOntrolecececsossoescesncssosssosssnsssosssssssssssssssssssssssss
Totaleeeeosasoecasosasscsnosssessssssstscntsssonsacscnanescsasscoassanes
Operating:
BaghoOUSBEeeeesescsosorsecssasocssesosssssnscsncsscacnnsncsncscsonsnscocae
Local controlessscessscsesrssssoscsesssassssensassosossssassnsscesanssssce
Total..c......l...'!....Il.ll...ll....l...'0.'0."......00'I....l..
Continuous—drossing technology:
Capital:
Existing buillding enclosureesecceccessesrcossssscersrsssveoccsssasnsse
BaghoUBBessssssssvesssssvrosssserssrsnsssocsssesnsarsosssesssssssossos
Local control................................-.-.....................
TOtAleeressrseeessrssscerossvnssrrosscrronsancsnnnsssornsnsssnvnnsses
Operating:
BaAghOUSBescosascasssssasasanssssissassassassasccssssssssssnsasecsnsas
Local controlececaccsccocentsacecassscecscncsnccssossnorenssesneancnsns

TotalO'lol!l!..ll"lIQ!!"DQ....!!I'O!OO'I'I!Ovl'l.oouloolctoo.-llc

areas,
Two sets of costs
costs for meeting the pro-
by means of
(1) conventional drossing technology, and
system similar

33

and se-

Capital and operating cost summary

$2,563,718
82,767,288
11,697,600

97,028,606

6,433,100

1,363,200
7,796,300

2,563,718
82,767,288
13,746,600

99,077,606
6,433,100

802, 400
7,235,500
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APPENDIX C.--HERCULANEUM SMELTER-REFINERY DATA

Operational data and environmental reg-
ulation implementation technology and
costs for St. Joe Lead Co.'s Herculaneum
smelter-refinery are summarized on the
following pages. Figure C-]1 is a view of
the facility. Tables C-1 and C-2 report
actual historical lead emission data, and
table C-3 reports theoretical emission
values based on best available control
technology (BACT) for this facility. A
summary of estimates for bullding enclo-
sures, baghouses, and local control capi-
tal costs is given 1in table C-4. Table
C-5 shows a factored estimate of oper-
ating costs for additional baghouses.
Table C-6 summarizes all estimates of
capital and operating costs for reducing
lead in ambient ailr to its lowest theo-
retical level. The table gives the costs
utilizing conventional process technology
as well as an alternative approach using
continuous—drossing technology.

Ownershipss+seees Fluor Corp.

Historye.e.ssss. Constructed in 1891 and
originally designed to
use downdraft sintering.
Expanded periodically.

Design capacity Lead bullion -225,000
st/yr.

Recent capacity 198l - 79 pet; 1982 - 95
utilization. pet; 1983 - 101 pct;
1984 - 60 pct.

Products and
byproducts.

Refined lead (including
alloys), silver, lead-
copper matte, sulfuric
acid.

Technology..... Updraft sintering, con-
ventional smelting,
sulfuric acid plant,
and pyrometallurgical
refining.

Feed sources... Lead sulfide concentrates
produced from company
mines in Missouri.

Product grades. Refined lead grade ranges
from 99.99 pct to 99.999

pct.

Herculaneum has a single—contact sul-
furic acid plant with a capacity of 6,600
to 7,700 st/month. The plant has three

baghouses, the third of which was added
in 1973,
Table C-1 4is based wupon 1979 data as

reported in the Missouri SIP. The tahu-
lation lists the control methods and the
uncontrolled and the controlled emission
levels. The reported production rate
was 225,000 st/yr of refined lead, which
produced an uncontrolled 1lead emission
inventory of 83,871 1b/d and resulted in
a controlled 1lead emission inventory of
1,974 1b/d. Overall emission control ef-
ficiency was 97.6 pct.

Point-source emissions contributed 45.7

pct to the total controlled 1lead emis-
sion inventory. These emissions were
controlled at an efficiency of 98.8 pct
and 1limited to 903 1b/d. This was accom-

plished using a baghouse and acld plant
for the high-strength S0, offgas from the
sinter mmachine and a baghouse for the
low-strength offgases from the sinter
machine and blast furnace. Other point
sources were controlled by the use of
five dynamic scrubbers. The principal
source was the main stack at 610 1b/d.

Process fugitive emissions accounted
for 47.3 pct of the total controlled lead
emlission inventory. These emissions were
controlled at an efficiency of 88.4 pct
and were limited to 933 1b/d. The four
principal sources are mixing and pel-
letizing (191 1b/d), sinter machine and
sinter return (191 1b/d), reverberatory
furnace leaks (120 1b/d), and blast fur-
nace conveyor (124 1b/d).
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TABLE C-1, - Herculaneum smelter-refinery:

Emission control methods

and lead emission inventory, 1979, at 225,000 st/yr refined lead (3)

Overall
Emission source Control method Emission inventory, 1b/d control
and/or environment Uncontrolled | Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stack (sinter Baghouses and acid plant 61,000 610 99.0
plant, blast fur-
naces, and drossing).
Scrubber stack:
1 (sinter breaker).. | Dynamic scrubber........ 4,285 86 98.0
2 (sinter crushing B e T 380 8 97.9
and screening).
3 (sinter crushing). | ¢+ ed0cscececsvervocrcanrs 4,000 80 98,0
4 (sinter crushing)e | eeedOsesversenvrecrsores 5,525 110 98.0
8 (sinter retUrmn)eee | seedOscscrvsscovnrscenns 475 9 98,1
Total or averagesss | NADeosessessrasovvesssss 75,665 903 98.8
PROCESS FUGITIVE EMISSIONS
Lead concentrate Semlienclosed building 38 19 50.0
unloading. with submerged bins.
Baghouse dust eeedOcvecenrssrsennnssnne 295 88 70,2
unloading.
Mixing and Enclosed mix bins with 882 191 78.3
pelletizing. washdown equipment.
Sinter machine and Roof ventilationsesessss 5,174 191 96.3
sinter return
circuit.
Blast furnace Enclosed ventilator with 316 17 94.6
monitor. baghouse and washdown.
Lead pouring to ladle. | Enclosed with exhaust 290 95 67.2
through roof monitor.
Dross kettle....ssssss | Enclosed building with 74 61 17.6
exhaust through roof
monitor.
Reverberatory furnace. | Enclosed process with 462 120 74,0
baghouse exhaust
through roof monitor.
Lead casting.scseeeeee | Enclosed building and 226 | 27 89.8
belt conveyors.
Conveyor to blast Semienclosed transfer 253 124 51.0
furnaces. points. ;
Total Or average.. | NAPeeeeuseeeeeenueannsens 8,050 933 |  88.4
OPEN FUGITIVE EMISSIONS
Lead concentrate Open storage pille....... 6 6 0
storage.
Fenced property Paving and wet road 144 126 12.5
resuspension. sweeping.
Slag plleceeeeeeessees | Open storageeceesessssss 4 4 0
Lead concentrate Open handlingeceseeesnss 2 2 0
transfer.
Total or average.+ | NADeesessosasosseersenes 156 138 11.5
Grand total or av. | NADeessesesssnsnsoscasnce 83,871 1,974 97.6

NAp Not applicable.



Open fugitive emissions accounted for
7.0 pct of the total controlled lead
emission inventory. These emissions were
controlled at an efficiency of 11.5 pet
and were limited to 138 1b/d. These re-
sulted from several sources although 126
1b/d was attributed to resuspension of
dust.

Table C-2 is based upon the 1985 Mis-
sourl Air Quality Data and Lead Emissions
report. The control methods 1listed es-
sentially indicate compliance with the
consent order, which is part of the SIP
and the resultant uncontrolled and con—-
trolled emission levels at the smelter-
refinery. The reported production rate
was 225,000 st/yr of refined 1lead. The
uncontrolled lead —emigsion inventory
was 83,871 1b/d, and the controlled lead
emission inventory was 1,780 1b/d. Over-
all emission control efficiency was 97.9
pct. The emission reduction over that of
the previous reported year was 194 1b/d.

Point-source emissions in 1982 contrib-
uted 85.9 pct to the total controlled
lead emission inventory. These emissions
were controlled at an efficiency of 98.0
pct and limited to 1,529 1b/d. Individ-
uwal data were not available to isclate
the principal source, although it was be-
lieved to be the main stack. Consent-
order plant improvements were essentially
complete.

Process fugitive emissions accounted
for 12,1 pct of the total controlled lead
emlssion inventory. These emissions were
controlled at an efficlency of 97.3 pct
and were limited to 216 1h/d.

Open fugitive emissions accounted for
2.0 pct of the total controlled lead
emission dinventory. These were con-
trolled to an efficiency of 77.6 pct and
would be limited to 35 1b/d. Resuspen—
sion of dusts accounted for 23 1b/d.

Table C-3 {3 the theoretically opti-
mum lead emission inventory based on in-
vestigations conducted. The production
rate was assumed to be 225,000 st/yr of
refined 1lead. The uncontrolled 1lead
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emission inventory would be 83,871 1b/d
and would result in a controlled 1lead
emission inventory of 436 1b/d. Overall
emission control efficlency would be 99.5
pct. The emission reduction over that of
the previous reported year would be 1,344
1b/d.

Point-source emissions would contribute

65.6 pct to the total controlled lead
emission inventory. These emissions
would be controlled to an efficlency of

99,6 pct and limited to 286 1b/d. The
principal source would remain in the main
stack at 183 1b/d.

Process fugitive emissions would ac—
count for 26.4 pct of the total con-
trolled lead emission inventory. These

emissions would be controlled to an effi-
clency of 98.6 pct and would be limited
to 115 1b/d.

emlssions would account
for 8.0 pct of the total controlled lead
emlssion inventory. These emissions
would be controlled to an efficiency of
77.6 pet and would be limited to 35 1lb/d.
Resuspension of dusts would account for
23 1b/d.

Open fugitive

Table C-4 reports detailed capital cost
estimates outlining the costs associated
with the following:

o Enclosling existing
cess-related buildings
bearing fugitive dust.

0 Installing new baghouses and adding
positive fan-induced ventilation.

¢ Adding new buildings to enclose con-
centrate, sinter, and lead~bearing dust
storage areas.

0 Adding selective local controls.

openings on pro-

emitting lead-

All costs are as of July 1985 and as-
sume the wuse of conventional process
technology 1in use at the plant site.
Base equipment capital costs were derived
using the volumetric air flow rate deter-
mined from building volume and 15 air
changes per hour at an air-to-cloth ratio
of 1,5:1,



38

TABLE C-2.

~ Herculaneum smelter-refinery:

Emission control methods

and lead emission inventory, 1982, at 225,000 st/yr refined lead (6)

Overall
Emission source Control method Emission inventory, 1b/d control
and/or environment Uncontrolled | Controlled | efficiency,
pet
POINT-SQURCE EMISSIONS
Main stack (sinter No chang€esssscsssssos 61,000 NA NAp
plant, blast fur-
naces, drossing).
Scrubber stack:
1 (sinter breaker)es | esedOecsesssssacnsonsna 4,285 NA NAp
2 (sinter crushing eesdOsvsrosvrsveananese 380 NA NAp
and screening).
3 (sinter crushing). | «cedOeeticicvecscencan 4,000 NA NAp
4 (sinter crushingl)e | cecd0ceececcecesscncns 5,525 NA NAp
8 (sinter return)ees | seedOsssvessessssssness 475 NA NAp
Total or average... | NADc.uveeecsaacaoornsan 75,665 1,529 98.0
PROCESS FUGITIVE EMISSIONS
Lead concentrate No changesesiescecesss 38 NA NAp
unloading.
Baghouse dust PP « o W 295 NA NAp
unlecading.
Mixing and Add dynamic scrubber.. 882 NA NAp
pelletizing.
Sinter machine and Add 5 new dynamic 5,174 NA NAp
sinter return scrubbers and con-
circuit. veyor cover.
Blast furnace Enclose and ventilate 316 NA NAp
monitor. charge makeup and
weighing.
Lead pouring to ladle., | No changessesssscecess 290 NA NAp
Dross kettlessessesees | Improve ventilation... 74 NA NAp
Reverberatory furnace. | No change..ceoeacecass 462 NA NAp
Lead castingeeosessees | ssedOsevsevsossseneess 226 NA NAp
Conveyor to blast Enclose and ventilate 253 NA NAp
furnaces. charge makeup and
weighing. |
Total or average.. | NAp.cesososeonaaasnsse 8,050 216 ) 97.3
OPEN FUGITIVE EMISSIONS
Lead concentrate No changCessecessosesss 6 6 0
storage.
Fenced property Additional paving and 144 23 84.0
resuspension. new sweeper,
Slag plleccecacssssess | No changesessseecanens 4 4 0
Lead concentrate csel0ecrecenceccnncnnans 2 2 0
transfer.
Total or average.s | NApiiciessssosaaranaes 156 35 77.6
Grand total or ave | NADvseseorsovvenronnes 83,871 1,780 97.9

NA Not available.

NAp Not applicable.



TABLE C-3. - Herculaneum smelter-refinery:
methods and lead emission inventory, at 225,000 st/yr refined lead
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Theoretical emission control

Overall
Emission source Control method Emission inventory, 1lb/d control
and/or environment Uncontrolled | Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stack (sinter Optimize efficiency... 61,000 183 99.7
plant, blast fur-
naces, drossing).
Scrubber stack:
1 (sinter breaker).e | veedOeecernrcsncorrrons 4,285 30 99,3
2 (sinter crushing cesdOseerossnsseccanse 380 3 99.3
and screening).
3 (sinter crushing). | «vvdOsssavvosvoesasves 4,000 28 99.3
4 (sinter crushing)e | e¢esdOsesesssnscsscenss 5,525 39 99,3
B (sinter return)eee | evsdOescnsssnsccssesss 475 3 99.3
Total or averageecss | NADssssassenesssessnas 75,665 286 99.6
PROCESS FUGITIVE EMISSIONS
Lead concentrate Add unloading and bed- 38 2 96.0
unloading. ding building with
ventilation.
Baghouse dust Enclose and ventilate 295 12 96.0
unloading. building and
CONvVeyors.
Mixing and Optimize efficiency... 882 6 99.3
pelletizing.
Sinter machine and Enclose buillding 5,174 36 96,0
sinter return and add baghouse
circuit. ventilation.
Blast furnace monitor. | ¢eed0sevesvessrrsosvae 316 13 96.0
Lead pouring to ladle: | «eedOeacsnnsccacassnen 290 12 96.0
Dross kettle.ceeecoeee] veolOveoervoansnnsssos 74 3 96.0
Reverberatory furnace. { Replace baghouse with 462 18 96.0
larger unit.
Lead castingeseveeceee | seedOeosecnsacnsnnnsnes 226 11 96,0
Conveyor to blast Add baghouse 253 2 99.3
furnaces. ventilation.
Total or average.. | NADeveoesorooveconnons 8,050 115 98.6
OPEN FUGITIVE EMISSIONS
Lead concentrate No chang€essavssacsses 6 6 0
storage.
Fenced property eeelOcocsrenveccscsane 144 23 84.0
resuspension.
Slag plleceeasssosoees | eoed0escsnsssnsnsssnnes 4 4 0
Lead concentrate cesdOsssssncssscsnncas 2 2 0
transfer.
Total or averagees« | NAPeesesasrsosoercsnsns 156 35 77.6
Grand total or av. | NApeeeeseeososacannses 83,871 436 99.5

NAp Not applicable.
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TABLE C-4. - Herculaneum smelter-refinery:

baghouses, and loc

al controls

Estimate of capital cost (1985) for building enclosures,

Control ! Equipment Instrumentation [ Construction | Subcontractor Field
Primary Ancillary and controls materials installation labor
Enclosure of existing
bulldings for--
Blast furnace, drossing,
refiningeeecerserensone NAp NAp NAp 50,300 19,200 15,300
Blast furnace bins and
CONVEYOLSstrevnonssonns NAp Nap NAp 13,800 11,500 3,600
Sinter mix bingec.evevee NAp NAp NAp 34,100 11,100 10,100
Sinteringecsecessenncnne NAp Nap NAp 37,300 NAp 11,800
Rail unleoading...... reen NAp NAp NAp 12,200 11,500 3,000
Totalesssnanana ceeane NAp NAp NAp 147,700 53,300 43,800
Baghouses for—-
Blast furnace, drossing,
refiningesessercsessees | 4,373,500 291,700 700, 080 Nap 7,460,519 NAp
Blast furnace bins and
CONVEYOLSsassrrrrsnnsss 237,300 16,200 38,025 NAp 107,864 NAp
Sinter mix DinSssievasss 525,000 35,000 84,000 NAp 895,160
Sinteringeseccseeversans 3,000,000 200,000 480,000 NAp 5,115,200 Nap
Rail unloadingesseerocns 143,400 8,600 22,800 NAp 64,676 NAp
Totaleceenoesorsencas 8,281,200 551,500 1,324,905 NAp 13,643,419 NAp
Grand totalesssesns 8,281,200 551,300 1,324,305 147,700 13,696,719 43,800
Construction Sales tax Contractor's
equipment Construction Capital Freight Insurance overhead
usage materials equipment and profit
Enclosure of existing
buildings for--—
Blast furnace, drossing,
refiningescescncncana . 400 NAp 2,012 2,012 NAp I 31,950
Blast furnace bins and
CONVEYOTSeoosossrssssns 200 NAp 552 552 | NAp 10,913
Sinter mix binsesssanes, 200 NAp 1,364 1,364 NAp 20,813
Sinteringsececeveveesras Nap NAp 1,492 1,492 NAp 18,413
Rail unloadingeeeseesees 400 NAp 488 488 NAp 10,163
Totalesaeeeenseannane 1,200 NAp 5,908 5,908 | NAp 92,252
Baghouses for—— \
Blast furnace, drossing, :
refiningecevevenccenas . NAp 149,210 214,691 214,691 53,673 NAp
Blast furnace bins and
CONVEYOTSessnennsnanass NAp 2,157 11,661 11,661 2,915 NAp
Sinter mix binBessesceces NAp 17,903 25,760 25,760 6,440 NAp
Sinteringivesvevssnsoses NAp 102,304 147,200 147,200 36,8060 Nap
Rall unloading..eeseses. NAp 1,294 6,992 5,992 1,748 | NAp
Totaleeesssronncesces ! NAp 272,868 406,304 406,304 101,576 | NAp
Grand totalivesee.s 1,200 272,868 412,212 412,212 101,576 92,252
Construction| Engineering i
and field procurement Escalation Contingency Totals : Worker-—
indirect and constr. to July 1985 | hours
management !
Enclosure of existing ,
buildings fer-- |
Blast furnace, drossing, I
refiningeeescscesnencas 17,978 16,995 2,471 39,654 | 198,272 ! 795
Blast furnace bins and ! 1 i
conveyors..............; 4,230 5,543 844 12,933 64,667 192
Sinter mix bins.........i 11,868 11,102 1,610 25,905 129,526 | 526
Sinteringesesescsscocnns ; 13,865 10,294 1,424 24,020 120,160 616
Rail unloadingeseeseesas 3,525 5,106 786 11,914 | 59,570 156
Totalecsvessoanvnonna | 51,466 49,040 7,135 114,426 572,135 2,285
Baghouses for-— f [
Blast furnace, drossing,i
refiningececececrnnaens | 5,850,335 NAp NAp NAp | 19,310,399 NAp
Blast furnace bins and i
CONVEYOrSessssssacessss | 148,678 | Nap Nap NAp | 576,461 | NAp
Sinter mix binSeceseeesa 701,960 NAp NAp Nap i 2,316,983 NAp
Sinteringesseessssseesas | 4,011,200 NAp NAp NAp 13,239,904 NAp
Rail unloadinge.sesesss. 89,148 | NAp NAp Nap | 345,650 NAp
Totalesesssnssannsess | 10,801,321 1 NAp Nap Nap | 35,789,397 NAp
New buildingseceeeennncans NAp NAp NAp NAp 12,506,000 NAp
Local controlseeieeennnnas NAp NAp NAp NAp 11,322,000 NAp
Grand totaliceacs.. 10,852,787 49,060 7,135 114,426 60,189,532 2,285

Nap

Not applicable.
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Table C-5 outlines the procedure for achieve the theoretical 1lead emission
estimating factored operating costs at inventory levels. 1Included are costs for
Herculaneum. Cost estimates are factored enclosing existing buildings, adding bag-
based on estimated staffing requirements houses and associated wventilation sys-

considered necessary to operate the addi- tems, erection of new buildings for the
tional baghouses, etc. Wage rates were containment of storage areas, and se-
determined from current labor union con- lected local controls. Two sets of costs
tracts 1in the area. Power costs were are provided: costs for meeting the pro-
based upon estimated consumption require-~ posed ambient lead standards by means of
ments and known utility charges. (1) conventional drossing technology and

Table C-6 summarizes all estimated (2) a continuous—drossing system similar
capital and operating costs required to to that in use in Australia.

TABLE C-5. — Herculaneum smelter-refinery: Factored operating cost estimate
for additional baghouses

Cost category Calculation Annual cost

(1) Labor:
(a) Direct 1abor,1 4 operators:

Regular....................... 4 x 2080 h/yrx $11094/h.0..--.0 $99,34l
Overtimessessssssasscsenassnss | & x 110 h/yr x §11.94/h % 1,5... 7,880
Subtotal direct laboreessse. | (Regular + overtime)esssevessses 107,221
(b) Direct labor supervision«.....| 15 pet of (a) = 0.15 x $107,221, 16,083
{c) Maintenance laborsecsceseassss [ 100 pct of (a) = 1.0 x $107,221. 107,221
(d) Maintenance labor supervision. | 20 pet of (a) = 0.20 x $107,221. 21,444
(e) Subtotal labor and
supervision.c.ceececaeneee [ (@) + (b)) + () + (d)eeeeveennen 251,969
(£) Payroll burden and fringe
benefitBeessecesssscssscsaseces 35 pct of (e) = 0-35 X $251,969- 88,189
(1) Total 1aboTeessssacsssses | (B) * (f)ecetsesctacesssnnsocsss 340,158
(2) Maintenance materials and supplies | 50 pet of (c) = 0.5 x $107,221,. 53,613
(3) Indirectesessesssscssossssceasssees | 40 pet of (e) = 0.40 x $251,969. 100,788
(4) General and administrativeee...e.. | 15 pct of (&) = 0.15 x $107,221, 16,083
{(5) Bag replacement...cccssesccensenes 20 pect of baghouse capital costs
every 2-1/2 yr = 0,2
x $8,281,200 ¢ 2.5........ 662,496
(6) PoWerseeessseesssossonssonssansecs | 4,464 ¥XW at 3.88¢ /KW heveesnnaes 1,454,907
(7 Subtotalesscssssssassnsse | {L)F(2)+(I)+(4)F(5)H{(6)euvsnssons 2,628,045
(8) Contingencyesssssosssascesssssacees | 20 pct of (7)eu...... ceeccnas .o 525,609
(9) Grand totaleesssessssoves | (7)+{B)eeeevensesnvnosonoasanses | 3,153, 654

lAverage costs based on current Missouri smelter-refinery labor contract including
adjustments for shift differentials and wage rates.
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TABLE C-6. - Herculaneum smelter-refinery: Capital and operating cost
for two alternative ambient lead environmental controls

Conventional process technology:
Capital:
Existing bullding encloBureessscssvssassssassssrsssssssssssssssssssss
BaghouBeeessesaeecansttnnsssssasestasansesncssesstorctocnssscncssnanss
New building(8)ecesascscaassssnesteesossasonnsossassassssasasnassnnns
Local controleseescosccscrssssonscsssssoscssossssnossssncerssssossnnssns
Total-.u-..-....-......-.n........-..............................
Operating:
BaghoOUBEeerrresversssrssrresnssvrscnssssrsssssorssosrsvanersossosssresose
New building(S)eeeeeevssssocesssooroasoocssssccsrsossessscensnsscsssaesa
LocAl CONETOleeecorocesceeonssncacaassssonssrscosnsnasnsoanssscansnsee
Tota8leveerassssneossssasesrovensossrosnsssnssesvsassosrsosassosssestoss
Continucus—-dressing technology:
Capital:
Existing building encloBUrCeccsccrsssronrassssscssnsssorsnrsssrsassnss
BaghOUBEe e eessrcrsarssssrssrvrossessssrornesssrssnsnsnsvsocsssssssorrsnsnss
New building(S)sesesesosessssosroesnscsoossasssssessnsossvssossnsenanse
Local CONtrol.cssecesesscecesosscssssossssussancssssssssosnsnannsncsna .
Total..l..Il..llll.tll“.l..lllll.l.l..‘lll.ll.'lll.lll.ll.l.ll.ll.
Operating:
BaghouBee v vsvvrsvcesossseacsrronreesrsoresssnncanssnssnnsrssnsccasssssasns
New bullding(S)seeeessccesssncsoonsoosssessssssennssesssonsssasossscss
Local CONErolessscecsscccaasossssasscsacasassncsassicscassssnssnssansscs

Totalt"D'O!OII-..o'coll.'!lo'.oolccotco.c.!.!!ll!'l.i.clllO.ltoc..

summary

$572,135
35,789,397
12,506,000
11,322,000
60,189,532

3,153,700
212,800
1,150,600
4,517,100

572,135
35,789,397
12,506,000
1

3,901,200

62,768,732
3,153,700
212,800
57,300
3,423,800
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APPENDIX D.--EAST HELENA SMELTER DATA

Operational data and environmental reg-
ulation implementation technology and
costs for ASARCO's East Helena smelter
are summarized on the following pages.
Figure D-1 is a plan view of the facil-
ity. Tables D-1 through D-3 report ac-
tual historical lead emission data. It
was not possible theoretical

to present

data since two types of incompatible
methods of reporting data were used for
this facility. A summary of estimates

for building enclosures,
local control

baghouses, and
capital costs is given in

table D-4, Table D-5 shows a factored
estimate of operating costs for addi-
tional baghouses. Table D-6 summarizes

LEGEND

Zinc furnace

Zine Stack

Zinc baghouse
Reverberstory dross kettlas
Blast furnaces

Materials preparation

Sinter machine

Sinter plant stack

+—+—+—+ Railway

o v O AN

== Property boundary

Concentrate storage-various
open locations throughout plant

FIGURE D-1.—East Helona smelter.
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all estimates of capital and operating
costs for reducing lead in ambient air to
its lowest theoretical level. The table
gives the costs utilizing conventional
process technology as well as an alterna-
tive approach using continuous-drossing
technology.

Ownership.«¢s.. ASARCO Inc.

History...sss«e. Constructed in 1888 with
periodic modifications.

Design capacity Lead bullion - 90,000
st/yr.

Recent capaclty 1981 - 61 pct; 1982 - 71
utilization. pct; 1983 - 65 pct;
1984 - 77 pct.

Lead bullion, '"black" or
"white" sulfuric acid
(normally black), zinc
oxide (discontinued
1982), speiss (metallic
arsenides and anti-
monides), and copper
matte.

Products and
byproducts.

Technologyesses Updraft sintering with
offgas recirculation,
conventional smelting,
sulfuric acid plant with
hydrogen peroxide
clarification.

Feed sources... Custom smelting - sources
from Montana, Idaho,
Utah, Colorado, Aus-
tralia, Canada, Mexico,
Central America, and
South America.

Product grades. Lead bullion - 98 pct.

East Helena has a double contact sulfuric
acid plant and a 425-ft stack.

Early emission studies at East Helena
used the lead emission inventory method.
No baseline uncontrolled emission level
appears to have been reported. In addi-
tion, at the time of the SIP, the method
for analyzing emissions was changed to a
chemical mass balance (CMB) program.
This method allows determination of the

amounts that contribute to
the total wvalue of the amblent lead
monitored, but 1t does mnot provide a
quantitative analysis that can be used to

determine total emission per unit time by

sources and

source. Tables D-1, D-2, and D-3 iden-
tify the known 1lead emission data for
this site. All data are for a design

level of 92,000 st/yr lead bullion.
Because data are unreported for equip-

ment efficiencies as related to uncon-
trolled lead emissions and since mno
acceptable method exists to translate

mlcrogram-per-cublic—meter readings to
lead emissions on a pound-per—day basis,

it can only be stated that the ambient
lead emission levels are above the cur-
rent EPA levels. This is true even if

the background emission contributions not
related to the smelter-refinery operation
are subtracted from the total values.

Control methods similar to those
in evaluating the Missourl sites can be
applied to East Helena. Owing to simi-
larities in age, it can be assumed that
what can be achieved at Herculaneum can
also be accomplished at East Helena.
There the similarity stops. The nature
of the concentrates and the meteorologi-
cal conditions are radically different.
Simple sulfide ores are processed at the
Migssouri sites. East Helena processes a
very complex sulfide ore with resulting
differences in operation and stockpiling
as compared to Herculaneum. The climate
and topography of the area is conducive
to temperature inversions, which deposit
more partliculate than are deposited by
Herculaneum. Simply put, all of these
factors and lack of data make 1t virtu-
ally impossible to make a decision on the
theoretical optimum emissions attalinable
from the East Helen a site.

Table D-1 1is based upon 1977-79 data as
reported in EPA reports. The tabulation
presents limited information on <control
methods and controlled emission levels at
the East Helena smelter. The reported
design rate was 92,000 st/yr of lead bul-
lion. No total lead emission inventory
could be determined; only the point-
source emissions could be identified with
certainty at 173 1b/d. No plant effi-
ciency can be calculated.

used



TABLE D-1. - East Helena smelter:
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Emission control methods and lead

emission inventory,’ 1979, at 92,000 st/yr lead bullion (9-10)

Overall
Emission source Control method Emission inventory, 1lb/d control
and/or environment Uncontrolled | Controlled |efficiency,
pet
POINT-SOURCE EMISSIONS
Main stackeeseeaaseasesse | Electrostatic pre- NA 109 NAp
cipitator, acid
plant.
Zinc stacKesesssssereses | Baghous€eeeeerrovove NA 36 NAp
Blast furnace stackieeso | soed0seencnnsnansans NA 28 NAp
Total or averages... | NAp.csveoseossroases NA 173 NAp
PROCESS FUGITIVE EMISSIONS
Sinter bulldingesecsssss | Not specifiedc.ivees NA 6 NAp
Drossing and reverber- eeedOvscencssssovens NA 67 NAp
atory bullding.
Blast furnaceecesscsesssss | ecedOevocescsacannns NA 4 NAp
Zinc-fuming facilitVesse | vesd0svevveccrnnnoes NA 1 NAp
Zinc furnacesecssvecoces | soedOssceanssnescene NA 3 NAp
Total or averagesees | NADecisssaasssnnoaes NA 81 NAp

NA Not available. NAp Not applicable.
INo open fugitive emissions were recorded.

Point—-source emissions were
from the main stack at 109 1b/d.

primarily

Process fugitive emissions were incom
pletely identified, although emissions 1in
the drossing and reverberatory areas ap-
peared to be significant at 67 1b/d.

Open fugitive emissions were
tributed to any available source.

not at-

Table D-2 is based upon Montana’s Air
Quality Implementation Plan (10). The
data, which were developed using the CMB
method, display the relative contribution
of each source to the total measurement
at the ambient-air-monitoring station lo-
cated beyond the fence line. Although
highly appropriate to allocating source
responsibility for emissions, it does not
allow for an engineered evaluation of
corrective measures to be applied to each
source. An overall monitored emission
level of 5.61 ug/m® was obtained for the
comminity of East Helena as a whole; of
which 4.34 ug/m3 was attributed to the
smelter.

Point-source emlasions were not specif-
ically identified.

Process fugltive emissions accounted
for 2.36 ug/m® or 42.1 pct as identified
by CMB.

Open fugitive emissions accounted for

1.98 ug/m® or 35.3 pct as identified by
CMB.

Non—-ASARCC emissions accounted for 1l.27
pg/m® or 34.0 pct as identified by CMB.

Table D-3 1is based upon CMB data as
provided by ASARCO (21). An overall mon-
itored emission 1level of 5.29 ug/m3 was
obtained for the community of East Helena
as a whole; of which 3.49 pg/m3 was at-
tributed to the smelter.

Point—source emissions were not specif-
ically identified.

Process fugitive emissions accounted
for 3.33 ug/m®> or 63.0 pct as identified
by CMB.
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TABLE D-2,

— East Helena smelter:

emission inventory, 1981, at 92,000 st/yr lead bullion (11-12)

Emission control methods and lead

Overall
Emission source Control method Emission inventory, ug/m3 control
and/or environment Uncontrolled Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stackeseessessseese | No change.seessssoss NA NA NAp
Zinc stackKeeesessoronves | ssedO0srevovensnnrens NA NA NAp
Blast furnace stackeese | soedOsersovsonssnsnns NA NA NAp
Total or averagesee | NADssesesosasonasnas NA NA NAp
__PROCESS FUGITIVE EMISSIONS o
Drossing and reverber-
atory buildingsesssees | Not speclifiedisesses NA NA NAp
Blast furnace..ceeesees | c0ad0secsssccaasenss NA NA NAp
Zipe—fuming facility... | «eedOeecncncecennanas NA NA NAp
Speiss plt stackeesssoe | seedOseoenssnsssanss NA 0.12 NAp
Total or average..s | NApeoceoeeoerancncas NA 2.36 NAp
OPEN FUGITEIVE EMISSIONS
Concentrate storage.... | Not specified.c.vess NA 1.98 NAp
Total or averageess | NADeossessesvonoesna NA 1.98 NAp
Grand total or av | NAp....eiianaaaanns NA 5.61 NAp
NA Not available, NAp Not applicable.
Open fugitive emissions accounted for o Installing new baghouses and adding
0.16 ug/m3 or 3.0 pct as identified by positive fan—induced ventilation.
CMB. ¢ Adding new builldings to enclose con-

Non—ASARCO emissions accounted for 1.80

pg/m3 or 34.0 pct as

identified by CMB.

Table D-4 reports detailed capital cost

estimates for East Helena,

outlining the

costs associated with the following:

¢ Enclosing existing
cess-related buildings

openings on pro-
presently emanat-

ing lead-bearing fugitive dust.

centrate, sinter, and lead-bearing dust
storage areas.

0 Adding selective local controls.

All costs are as of July 1985 and as-
sume the wuse of conventional process
technology currently in use at the plant
site. Base equipment capital costs were
derived using the volumetric air flow
rate determined from building volume and
15 air changes per hour at an air-to-
cloth ratio of 1l.5:1.
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TABLE D~3. - East Helena smelter: Emission control methods and lead
emission inventory, 1984, at 92,000 st/yr lead bullion (22)
Overall
Emission source Control method Emission inventory, ug/m3 control
and/or environment | Uncontrolled | Controlled | efficiency,
pct
POINT-SOURCE EMISSIONS
Main stackecescecesssens | No changeccennsnass NA NA NAp
Zine stackeessessorserrs | sesd0veveversrncons NA NA NAp
Blast furnace stackSeerve | soedOressesrresneves NA NA NAp
Total or average... | NAp.cecsoovsasaenns NA NA NAp
- PROCESS FUGITIVE EMISSIONS
Sinter bulldingeseceesse | Not specifiedess... NA NA NAp
Drossing and reverber-
atory buildingecescesce | cosdOiaiseniscncnss NA NA NAp
Blast furnaceecseccecsce | seeldBecececnsccncan NA NA NAp
Zinc—fuming facilityesos | eeedOresensssnccoes H (L (hH
Material handling
building (new deal)ecee| ceedOeccesocsvecans NA NA NAp
Slag pouringeecessseassse | csedOsecssssscnsses NA NA NAp
SpeiSS pit stacksssecsss cesdOsesconsssancses NA 0.32 NAP
Total or averages«. | NADesssoaoesnnonns NA 3.33 Nap
OPEN FUGITIVE EMISSIONS
Concentrate storage...». | Not specified.ve.ss NA 0.16 NAp
Total or averageees | NADsosoosvsnssnness NA .16 NAp
NON-ASARCO EMISSIONS
Road and soil dust......| Not specified...... NA 0.90 NAp
Transportationecesecosees | svedOcssccrsrcencss NA .16 NAp
American Chemetesssscres sesd0sessvecscanssae NA 042 NAp
Otherceceeecccenscecssse| eoelOecrsnnectccsns NA .32 NAp
Total or averageesso | NADocososonooosense NA 1.80 NAp
Grand total or av| NApesssasesssanannan NA 5.29 NAp

NA Not available. NAp

Not applicable.

IOperation suspended.
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TABLE D-4,

- East Helena smelter:

baghouses, and local contrels

Estimate of capital cost (1985) for building enclosures,

Control L Equipment i Instrumentation | Construction | Subcontractor Field
Primary Ancillary | _and controls materials ingtgsllation labor
Enclosure of existing
buildings for--
Blast furnace receiv-
ing bins.eesenvecnves NAp NAp NAp 2,322 NAp 734
Sintering...cceveseens NAp NAp NAp 4,537 7,630 1,296
Blast furnacess.seees NAp NAp NAp 14,326 31,439 3,994
Drossing and
reverberatotryeeseeee NAp NAp NAp 6,212 34,827 1,300
Totalieeireeeneannes NAp NAp NAp 27,397 73,896 7,324
Baghouses for-—
3last furnace receiv-
ing bins.seeeencnnen 150,000 10,000 24 900 NAp 68,080 NAp
Sintering.eeeveasscns 1,316,250 87,750 210,600 NAp 2,244,294 NAp
Blast furnaces...ese. 882,750 58,850 141,240 NAp 1,505,148 NAp
Drossing and
reverberatoryesessse 941,250 62,750 150,600 NAp 1,604,894 NAp
Totalesvsssveonses 3,290,250 219,350 526,440 Nap 5,422,416 NAp
Grand total..... 3,290,250 219,350 326,440 27,397 5,496,312 7,324
Construction Sales tax Contractor's
equipment Construction Capital Freight Insurance overhead
usage materials equipment and profit
Enclosure of existing
buildings for--
Blast furnace receiv-
ing binseevccensrees NAp NAp 93 93 NAp 1,146
Sintering..cesvececes 137 NAp 181 181 NAp 5,100
Blast furnacesesecse. 533 NAp 573 573 Nap 18,860
Drossing and
Teverberatory.seeess 584 NAp 248 248 NAp 16,096
Totaleseveeeasenen 1,254 NAp 1,095 1,095 Nap 41,202
Baghouses for--
Blast furnace recelv-
ing binS..cesesrcnee NAp 1,362 7,360 7,360 1,840 NAp
Sinteringesascasssaes NAp 44 886 64,584 64,584 16,146 NAp
Blast furnaceS+sssess NAp 30,103 43,314 43,314 10,828 NAp
Prossing and
reverberatoryeeeses. NAp 32,098 46,184 46,184 11,546 NAp
Totalesseeseessses NAp 108,449 161,442 161,442 40,360 Nap
Grand totaleseve 1,254 108,449 162,537 162,537 40,360 41,202
Construction | Engineering
and field procurement Escalation Contingency Totals Worker-—
indirect and constr. to July 1985 hours
management
Enclosure of existing
buildings for--
Blast furnace receiv-
ing binSeveneennnsne 863 641 89 1,495 7,476 67
Sinteringessseeerssne 1,523 2,518 394 5,874 29,371 206
Blast furnacesee.ee... 4,693 9,174 1,458 i 21,406 107,029 205
Drossing and l
reverberatoryeeseses 1,528 7,475 1,245 l 17,441 87,204 NAp
Totaleeesseoennsne 8,607 19,808 3,186 46,216 231,080 478
Baghouses for-- I
Blast furnace receiv-
ing bifnSeeeieaveenenn 93,840 NAp NAp NaAp 363,842 NAp
Sinteringeecesssescss 1,759,914 NAp NAp NAp 5,809,008 NAp
Blast furnaceSessos+: 1,180,296 NAp NAp NAp 3,895,843 NAp
Drossing and
reverberatory.eesees 1,258,514 NAp NAp NAp 4,154,020 NAp
Totalesssssooosace 4,292,564 NAp NAp NAp 14,222,713 NAp
New buildingSeesoeeeces Nap NAp NAp NAp 18,737,146 NAp
Local controls.seeessss Nap NAp NAp NAp 4,430,700 NAp
Grand totaleie... 4,301,117t 19,808 3,186 : 46,216 37,621,639 478

NAp ©Not applicable.
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Table D-5 outlines the procedure for required to achieve the theoretical lead

estimating operating costs for East He- emission inventory levels. Included are
lena. Cost estimates are factored based costs for enclosing existing buildings,
on estimated staffing requirements con- adding baghouses and associated ventila-
sidered necessary to operate the addi- tion systems, erecting new bulldings for
tional baghouses, and ancillary eqiup- the contalnment of storage areas, and se-
ment. Wage rates were determined from lected local controls. Two sets of costs
current labor union contracts at East He- are provided: costs for meeting the pro-
lena. Power costs were based upon esti- posed ambient lead standards by means of
mated consumption requirements and known (1) conventional drossing technology, and
utility charges. (2) continuous-drossing system similar to
Table D—-6 summarizes all estimated cap-— that in use in Australia.

ital and operating costs at East Helena

TABLE D-5. ~ East Helena smelter: Factored operating cost estimate
for additional baghouses

Cost category Calculation Annual cost
{1) Labor:
(a) Direct labor,! 4 operators:
REGULATe+svesessonesscnsnsenes | & x 2080 h/yr X $13.618/heueen.s| $113,302
Overtimeceeeescecssescscssoaese | &4 x 110 h/yr x $11.94/h x 1.5... 7,880
Subtotal direct laborfeseeses | {Regular + overtime)ecesvesessse 122,290
(b) Direct labor supervision...... | 15 pct of (a) = 0.15 x $122,290. 18,343
(c) Maintenance 1aboTesesesssasses | 100 pct of (a) = 1.0 x $122,290. 122,290
(d) Maintenance labor supervision. | 20 pct of (a) = 0.20 x $122,290, 24,458
(e) Subtotal labor and
supervisionesveeessseenss | (@) ¥ (B) + () + (A)evosvearnns 287,381
(f) Payroll burden and fringe
benefitSesvessssvoeserereanss | 35 pect of (e) = 0,35 x $287,381, 100,583
(1) Total laboTeeseaverceense | () + (F)osvrvevecrvecnsrascnnse 387,964
(2) Maintenance materials and supplies | 50 pct of (c) = 0.5 x $122,290.. 61,145
(3) Indirecteesessecsosncsssesnnsnssnss | 40 pct of (e) = 0.40 x $287,381, 114,952
(4) General and administrativeesssseees | 15 pet of (a) = 0.15 x $122,290, 18,343
{5) Bag replacement.ccevescccccsscnnns 20 pct of baghouse capital costs
every 2-1/2 yr = 0.2
X $5,008,500 % 2.50.0ucsnonnns 400,680
{6) POWETeisseecssssoscssscccnscnsncens 2,475 kW at 2.61¢/kWehesennvsces 542,619
(7 Subtotalsessessecosscerss | (LIF(2IH(3)+(E)H(5)+(6)evenesnes | 1,525,703
(8) Contingencyssessssesssssssesssasss | 20 pct 0f (7T)essensnesnssannssne 305,141
(9) Grand totalieeeevovovrves | (7)H(B)evevovevevesosoesvesssnss| 1,830, 844

1Based on baghouse operator rate from 1985 East Helena labor contract including ad-
justments for shift differentials.
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TABLE D—-6. - East Helena smelter:
for two alternative ambient lead environmental controls

Conventional process technology:
Capital:
Existing building enclosure..c.csssietenncecccsnnosscncsssscsscsssnnsss
BaghoUBRe e et eneeouecassceeceaccssscsecccssocoansssnscncssnsssssennssas
New building(S)eeessoecosssoesrassscscsoassscassossnossssnssasacsasacs
Local CONtToliceeacacecsostsasnasseaascanasnsnsnscssosssssnsnnssassanss
TOtAleeeeaneeasossanssnsssessasnsssssosssssesscasrsesosresnssnnnssnnses
Operating:
BAghOUS@e s staetuotaactesaosntsntstonsnsosasstscanssscscssansesvocnnsss
New building{8)eeueceereeesceeceesocesnrsrsscccncrssnssovsasssnrsonss
Local CONLrolessssasesscsonassoassssssncasassosasassssnsasissssssanss
s - 0
Continuous—drossing technology:
Capital:
Existing bullding enclosure...icecciseeesosasssseccscaccasanessanonse
BaghouBeesveseesverrsransncsrrsssccencsssnserrrssssssssroreseansorsnns
New Bullding(s)eseeecessseseesssssotssssesssessntcivisssossccncnnutosa
Local cONLrolecesssesossssccssssscsssnsasstesessanaccnans ceecesecacsen
Total..l'"C".'OI".l’l...l.'.l.....llll.l'llll.ll‘ll.l..".l.llll
Operating:
BaghoUuSe.cueeeeenrerescnsssasnssnsnosensosrsrarrsnsssnsssoostanssossas
New bullding(8)eeeeeveveosssesorsorsessrsssnosanssnnsnssssosssssssnsnnae
Local controleeeeeeeesescanscecavsosasessasnesatsossacsssnsscsansesanncs

Total.....-..o...............-..---.-.......-....-.----o..-.--..ao-

lcontinuous drossing produces a net operating savings for local controls.
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Capital and operating cost summary

$271,070
21,805,869
11,114,000

4,430,700

37,621,639

1,830,800
425,600
420,700

2,677,100

271,070
21,805,869
11,114,000

6,677,440
39,868,379

1,830,800
425,600
1-21,000
2,235,400
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