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1.0 EXECUTIVE SUMMARY 

In this study, a previously developed air quality modeling sytem was 

used to evaluate the emissions reductions necessary to simultaneously meet 

the National Ambient Air Quality Standard for lead (NAAQS) and the Occupa­

tional Safety and Health Administration's (OSHA) industrial lead exposure 

standard at the Bunker Hill Company Lead Smelter in Kellogg" Idaho. That 

system employs computer-assisted cartographic modeling to empirically 

relate observed ambient lead and cadmium particulate levels to known emis­

sions estimates. The technique has proved especially effective in eval­

uating the impacts of fugitive emissions. Fugitive emissions are the pri­

mary source of excess lead levels within the smelting complex and have a 

significant impact on ambient air lead levels in the immediate vicinity of 

the smelter. 

Of the two standards the NAAQS is the more stringent. This is true 

in both the number'of sources that must be addressed and in the level of 

control that must be inst ituted to achieve compl iance. ft, Department of 

Labor study, frequently referred to in this report, found that the major­

ity of excE.SS worker exposures in this plant could be brought into com­

pliance through the institution of certain administrative procedures and 

available engineering controls. They did, however, find that two plant 

areas, the Highline (are preparation plant) and the Blast Furnace, could 

not achieve compliance without significant process modifications. The 

primary reason cited in both areas was uncontrolled fugitive emissions. 

With respect to the NAAQS there are two overriding factors that in­

fluence lead levels in the community. They are severe meteorological con­

ditions and severe emissions exc~rsions. The former are due to complex 

terrain induced winds and thermal capping phenomena, periods of extended 
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high pressure, and windblown soils. The combination of the seasonality of 

these conditions and the NAAQS's quarterly averaging period results in a 

most stringent standard. The summer control strategy requires reducing 

low-level smelter emissions and active (storage piles and roadways) and 

passive (windblown) fugitive emissions outside the complex. The winter 

control strategy concentrates on mid-level or blast furnace emissions. 

The net result is that nearly all sources must be reduced significantly at 

one time or another. Those control measures that wi 11 be required for 

meeting the NAAQS are: 1) elimination of outdoor sinter product storage, 

2) institution of road sanitation practices and stabilization of bare con­

taminated surface soils in some areas, 3) 80-90% reduction in low-level 

and mid-level. point source emissions, 4) a comprehensive control program 

to minimize upset conditions due to malfunction or startup/shutdown proce­

dures, and 5) 80-85% reduction in Highline Area and Blast Furnace upset 

uncontrolled fugitive emissions. 

Items 1 tllrOJgh 3 can likely be addressed through installation of 

available control technology. The cost will be significant but would 

likely be feasible for the smelter during profitable operation periods. 

Items 4 and 5, however, will require an investment substantially greater 

than any anticipated for this industry in the forseeable future. These 

two sources are the same ones found to make compliance with occupationa1 

standards impossible and are the focus of this study in Section 7. 

The Blast Furnace upsets must be controlled to have any hope of com­

pliance with either standard. The level of control necessary could be 

from 60-100% depending on the level of control achieved in the Highline 

area. The problem in the Highline area is complicated. Add-on technology 

sufficient to achieve the NAAQS probably exists. However, that would do 

little to reduce occupational exposures in this area. 
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The most efficient strategy to achieve campi iance with both standards 

seems to be replacement of the Highline process with modern equipment that 

effectively eliminates fugitive emissions in this area. This would effen 

occupational compliance and reduce the blast furnace emission reduction 

required to around 60%. 

There is some unc-:rtainty in the results of this study. The enlis­

sions records utilized are outdated and a new inventory collected in 1981 

has never been released. Moreover, the smelter is now shut down, Given 

current metals prices, interest rates, and expenditures discussed in this 

report it may remain closed. 

Howeve., the value of this technique should not be discounted. It 

has been known for some time that meeting the NAAQS would involve emis­

sions reduct ions in several source categories and the possible purchase of 

adjacent property to extend plant boundaries. Considering the NAAQS 

alone, the most efficient strategy would have been to effect 80% reduc­

tions in Blast Furnace emissions, 50-60% in Highline emissions and offset 

further reductions through property acquisition. By sitnultaneous;y con­

sidering OSHA requirements, this study shows that the property acquisition 

and 20% of the blast furnace source reduct ion would have been superfluous 

after required industrial =xposure reductions were accomplished. The cost 

would have been significant and would have provided a less efficient solu­

tion to the problem. The methodology could be applied to any number of 

factors having interdependent effects. For example, in the environmental 

area, hazardous materials risks associated with other metals in the air 

and contaminated soils could be evaluated in the same context as this 

study. Other factors such as process efficiency and production increases 

could be included. Such simultaneous evaluation of environmental concerns 



has great promise in finding the most effective solutions and making the 

most efficient expenditures to correct pollution control problems. 
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2. a I NTRODUCTI ON 

Lead pollution has been an important environmental issue in the 

United States for the last decade. A great deal of research was c.onducted 

concerning lead ill the home, in foodstuffs, the community and the 

workplace. Evidence of the harmful effects of low levels of lead in 

children and pregnant women has continued to accumulate. Health problems 

in workers exposed to high levels of lead has also been documented. Major 

regulatory programs were enacted in response to this new information. 

Standards were adopted for the lead content of paints, consumer goods, 

industrial wastes, gasol ine, publ ic air and waters, and in the workplace. 

These new regulations have affected the lead industry from the mine 

to the cons umer to the I and f i 11 and sewage treatment p I ant. Among those 

most severely impacted are the primary producers. The price of complying 

with new air and water quality and occupational rules will add to produc­

t ion costs. At the same time, manufacturers and consumers are loo,<lng for 

alternatives to lead in their products. This, and current ecomomic prob­

lems. has led to a decrease in demand for lead. 

Recent ly, Gulf Resources and Chemical Company of Houston, Texas cited 

these economic difficulties in announcing the intended closure of the 

Bunker Hi II Company lead/zinc smelter in Kellogg, Idaho. That contro­

versial facility was the principal source of the nation's most severe 

epidemic of environmental lend poisoning in the mid 1970's. Since that 

time, the community and the smelter have been the subject of several 

special studies and the focus of considerable public and political 

attent ion. 

In an attempt to keep the smelter operating, the administrators of 

the Environmental Protection Agency (EPA) and the Occupational Safety and 



Health Administration (OSHA) issued a joint agreement to suspend any lead 

related compliance requirements for this facility for five years. 

6 

Regional officials of both agencies disclaim any knowledge of the mechan­

isms or interim measures that mjght be employed in executing this morator­

ium. However, Idaho's congressional delegation has assured the public 

that all health rule!; will be complied with by the end of the five years. 

This suggests that, should the smelter restart, some long term compliance 

schedules will be adopted. 

In that event, considerable benefits could accrue if this company 

were able to concurrently consider public and occupational health expendi­

tures. Many of those sources responsible for excess lead levels in the 

commun ity env ironment have a 1 so been cited as hazardous in the workp I ace. 

Elimination of those sources could benefit both workers and the local pop­

ulace. This is true, as well, for other primary smelters in this country. 

The major cause of industrial and community exposures in the near vicinity 

are in-plant dusting problems caused by fugitive emissions and upset con­

dit ions. These sources will have to be corrected to solve either problem. 

Knowledge of their simultaneous impact and projected necessary exposure 

reductions, with respect to both standards, can only improve the efficien­

cy of compliance schedules. 

However, projecting impacts and exposure reductions for fugitive 

sources and upsets is extremely difficulty. Their erratic and unpre­

dictable strength and behavior makes model ing analyses especially un­

dependable. r~oreover, the Silver Valley area surrounding the Bunker Hi 11 

Company has several peculiarities that make it a particularly complex 

modeling problem. Recognizing this, the State of Idaho and the EPA 



sponsored a special two year modeling study of lead air pollution in the 

Silver Valley. 

Working at Yale University, Dr. Ian von Lindern, developed and 

applied a novel analysis technique to this area. Through the use of 

cartographic modeling and empirically analyzing two years of detailed 

data, those factors most important in determining lead levels in the area 

were identified. An empirical dispersion model was then developed and 

appl ied to all the lead sources the the Silver Valley. Possible source 

reduction scenarios for attaining the National Ambient Air Quality 

Standard (NAAQS) were identified and quantified. Some success was had in 

modeling and quantifying the long term effects of fugitive emissions and 

upset conditions. In this study, that model is used to evaluate possible 

source reduction schemes simultaneously in terms of both the NAAQS and 

OSHA's occupational standards for primary smelters. The object of this 

analysis is to determine how much community benefit might be enjoyed by 

eliminating occupationally hazardous dust problems in the plant ilnd how 

much that might reduce emission reduction requirements for other sources. 

7 



8 

3.0 BACKGROUND 

3.1 THE BUNKER HILL COMAPNY 

The company was first incorporated in 1887 as the Bunker Hill and 

Sull ivan Mining and Concentrat ing Company. The present name was adopted 

in 1956. The corporate headquarters and major operations are located in 

Kellogg, Idaho. The company was locally owned and operated until 1968 

when all outstanding stock was acquired by the Gulf Resources and Chemi­

cal Company of Houston, Texas. Since that time it has been a wholly owned 

subsidiary of the Texas conglomerate. For several years the smelting 

complex was the chief source of revenue for Gulf Resources. The parent 

company has acquired several other mining and coal interests and the 

Lithium Company of America, a Virginia based metal producer. 

The Bunker Hill Company currently controls or has interest in six 

mines that produce lead, silver and zinc. The Kellogg complex includes 

the mines, a mill and concentrator, the lead smelter, electrolytic zinc 

plant, ono a dry chemical fertilizer plant. The Bunker Hill and Sullivan 

was originally involved only in the mining and concentrating of lead and 

silver ores from the Bunker Hi 11 Mine. The first concentrator was 

constructed in 1886. The present concentrator was built in 1912 and has 

been modernized through the years. Construction of the lead smelter 

conmenced in 1916 and the first blast furnace was put on line July 5, 

1917. Prior to that time, local concentrates were sent to the Tacoma 

smelter in Tacoma, Washington. 

The lead smelting process remained essentially the same through 1970 

when the down-draft ore roasting operation was replaced by the updraft 

sintering process and associated sulfuric acid recovery plant. At about 

the same time the b 1 Bst furnace was extended to accomodate increased 
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production rates. In 1977 a 710 foot stack was added to the complex to 

facilitate pollutant dispersion. 

The Bunker Hill Electrolytic Zinc Plant began production in November 

of 1928. Known then as the Sullivan Mining Company Zinc Plant, it was the 

first commercial refinery in this country to produce 99.99+% purity zinc. 

The plant initially had a capacity of 50 tons per day. It was enlarged to 

120 tons/day in 1937 and 160 tons/day in 1948. An additional unit was 

added in 1963 and the plant was finally enlarged to the current 310 tons/ 

day in 1967. Sulfuric acid plants were added to t~e zinc complex in the 

early 1950's and 1960's to convert process sufur dioxide to high grade 

sulfuric acid for use in the electrolytic process. A 600 foot stack was 

also added to t~is plant in 1977. 

The tota I Io;ork force of .the comp I ex 1 s about 1500 stee I workers, 200 

AFL-CIO workers, anri 350 salaried personnel. The company operates three , , 
sh i fts per day, seven days per week. Actual product ion occup i es about 300 

days per year. The major products are lead, zinc, zinc oxide, cadmium, 

zinc alloys, silver, antimonial lead, gold dor~, copper matte, colbalt, 

sulfuric acid, nickel, phosphorous acid, and four grades of fertilizer. 

Approximately 300 workers are currently employed in caretaker positions 

during the plant closure. 

3.2 THE LEAD SMELTER PROCESS 

Ores and lead concentrate are imported from around the world. All 

concentrates are weighed and sampled as they arrive. Lead content is 

about 65 pet'cent by weight with varying amounts of trace metals, including 

zinc, cadmium, copper, silver, gold, arsenic, antimony, and bismuth. 

Table 3.1 contains representative metais content analyses for smelter feed 

products and concentrates. Figure 3.1 is a materials flow chart for the 

• 



Table 3.1 

TYPICAL ASSAYS OF LEAD CONCENTRATES AND ORES (*source the Sunker Hill Company) 

Material Source % Pb Au oz/T Ag oz/T % Cu % Zn % Sb % Cd % S 

Concentrates S.H. Mine 63.33 .0lD 43.80 .72 5.93 .43 .03 17.39 

Jig Tailings S.H. Mill 2.50 1.36 .03 .85 .04 .01 1.51 

Flotation Tailings S.H. Mill .83 .67 .0:) .87 .03 .01 1.99 

Zinc Residue B. H. Zinc Plant 9.88 .094 20.10 .60 17.86 .10 .33 6.40 

Zinc Dross B.H. Zinc Plant 74.51 .008 163.55 .13 1.04 wcl .004 2.14 

Scrap Lead B.H. Zinc Plant 85.00 

Concentrates Washington 58.74 .004 1.00 .02 1.68 .02 .01 18.74 

" Mullan, 10 68.57 .045 94.18 1.03 5.47 1.07 .04 14.66 

" BUI'ke, ID 64.20 .003 29.16 .19 10.73 .18 .07 17.10 

" Wallace, 10 64.09 .016 64.03 .66 5.06 .55 .03 14.43 

" Brit. Colum. 60.84 .002 12.88 ,01 10.76 .04 .11 19.07 

" Peru 62.55 .185 43.67 .82 5.86 .67 .04 17.00 

" N.W. Terr. 76.25 .007 .08 1.99 .03 .01 15.24 

" Nevada 59.02 .005 85.90 .06 8.00 .Og .03 17.14 

" Colorado 47.02 •. 066 551. 65 .43 5.00 .25 .05 14.33 

" Utah 58.46 .007 31.12 .17 13.46 .21 .20 19.39 
f-' 
0 

" Missouri 74.87 .001 1.52 .88 1.51 .02 .02 15.01 
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smelter. Figure 3.2 is a map of the study area. It shows monitor loca­

tions and the smelter 'complex. Details of the facility can be found in 

computer map form in Appendix A. For the purposes of this study, the lead 

smelter can be divided into six main process areas: 

1. Mi 11 and Concentrate Handl ing 

2. Ore Preparation Plant (Highline) 

3. Sinter Plant 

4. Blast Furnace and Fuming Furnace 

5. Lead and Silver Refineries 

6. Main Baghouse and Acid Plant 

3.2.1 Mill and Concentrate Handling 

Ores from the mining operation are stored in bins at t~e crushing 

plant. They are drawn from storage and crushed in two stages, reducing 

the material from as large as 12 inches to less than 1 inch. The crushed 

ore is stored in large bins, where it is drawn from and transported by 

conveyors to the ball mills. The ball mills contain water and 40 tons of 

steel balls. They rotate constantly and the crushed ore is pulverized by 

the tumbling action of the balls to about the size of fine sugar. This 

material is discharged to a classifier where oversized material is sepa­

rated from the properly ground ores and is returned to the ball mills. 

Soda ash, zinc su If ate, sod i urn cyan i de, and sod i urn isopropyl zanthate are 

added in the ball mills to condition the ores for flotation. The fine 

material, 60% minus 200 mesh and 50% solids, is then pumped to the flota­

t ion ce 11 s. 

The material is constantly stirred in the flotation cells by large 

propellers and air is bubbled through the pulp. The lead bearing 

materials separate from the remainder and are skimmed off the surface of 



~ 

':).Ioo"-~ 
, ,~ 

-' ~'...r.:.:­
~, 

.. 
':..--

Fi g,ure 3.2 Map of the Study Area 

,'1onitor 

Cataldo 
Ki ngs ton 
Pi nehurst 
Sme 1 tervill e 
Silver King School 
Kellogg Medical Center 
Kellogg City Hall 
Osburn 
Wall ace 

_ J -=.- -"'';:''' . 

-, ./ 

Showing t1onitor Locations 
13 

Symbol Number ---
CAT 1 
KIN 10 
PNH 2 
StW 3 
SKS 4 
KMC 5 
KCH 6 
OSS 7 
WAL 8 



\--

" ~ 
\ ---

$. l' 
':.~ , 

.... 



14 

the tank as a froth. The remaining solution is further conditioned by 

adding copper sulfate and lime, and is pumped to the zinc flotation cells 

where the zinc bearing minerals are removed in a similar process. 

Both concentrates are then thickened by settling and the slurry is 

sent to vacuum filters where the moisture content is reduced to about 7% 

and 12% in the lead and zinc concentrates, respectively. The concentrated 

process upgrades ores typically ranging from 5 to 7% lead to about 65% 

lead, 6% zinc, and 40 Qunces/ton of silver in the lead concentrate; and 

54% zinc. 1.5% lead, 6 ounces/ton silver in the zinc concentrate. 

3.2.2 Ore Preparation Plant (Highline) 

Crude ores, 1 imerock, si I iceous fluxes, and recycled downstream 

products are stored together with the concentrates in bins at the ore 

preparation plant. The concentrates, crusher products, zinc plant 

residues and granulated slag are proportionately combined and thoroughly 

mixed mechanically on the floor of the bedding plant. This mixture is 

then pelletized and cQr~ied by conveyor belt to the sinter plant. These 

silt-like materials are readily suspendableand the Highline Area is a 

significant source of fugitive emissions. Materials handling transfer 

points and building fans are the chief sources of background particulates 

in the general plant area and indoor lead levels in the are preparation 

plant are serious occupational exposures. The pellet drying operation is 

a significant point source of particulate pollution. Emissions from this 

area are generally about 30% lead in a sulfide form. 

3.2.3 Sinter Plant 

Pyrometallurgical treatment begins at the sinter plant. The 

pelletized mixture is fed to the sinter machine as a continuous bed on a 

large metal conveyor. After igniting the bed with natural gas the sulfur 

I 
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in the ore burns off in a high temperature, self-sustained combustion 

reaction. After all the sulfur is consumed the sinter product continuous­

ly falls off the end of the sinter machine conveyor. This material, 

called sinter, is transported to the sizing building where the fines are 

collected and returned to the crushing plant. The sinter resembles fur­

nace clinkers and are formed into an agglomerated porous mass necessary 

for proper blast furnace operation. Chemically, most of the lead has been 

transformed from lead sufide to lead oxide. Sinter is about 60% lead by 

weight. 

Sinter is stored in bins inside the plant and in large piles outside 

the plant. This is a brittle and abrasive material. Fines production and 

particulate emissions are associated with the combustion process. Handl­

ing the return fines ha5, in the past, been a severe source of both indoor 

and genera I plant exposures. Although there has been cons i derab I e 

improvement in the sinter plant over the last few years, background lead 

levels remain high. 

3.2.4. Blast Furnace and Fuming Furnace 

The blast furnace is a large water-jacketed chimney. Sinter and 

metallurgical coke are continuously fed into the top of the column. 

Oxygen enriched air is blasted through tuyers, or ports, locat2d near the 

bottom. This air supplies the oxygen necessary to burn the coke that, in 

turn, melts the sinter and also provides the carbon to reduce the lead 

oxide to metallic lead. The molten lead flows to the bottom of the 

furnace where it is continuously tapped off as bullion. The lighter slag 

floats to the top and is intermittantly tapped and stored in large pots. 

This slag i3 rich in zinc that is recovered in the zinc fuming furnace. 

The large pots of still molten slag are periodically charged with air and 
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coal to the fuming furnace. The high temperature volatizes the zinc and 

the vapor is oxidized in the top part of the furnace. This fume is then 

rapidly cooled and the condensed zinc oxide is captured in a baghouse and 

sold as a by-product. 

The blast furnace-fuming furnace area is a large source of fugitive 

particulate emissions. The smelter's worst single source is, undoubtably, 

the blast furnace upset. Often times the molten sinter mass agglomerates 

in the blast furnace and seals off the column. Gases accumulate under 

this mass and finally burst through with explosive force. This situation 

is called a "blowhole" and resembles a volcanic eruption. The gases carry 

particulate matter and metallic fume out of the top of the furnace around 

the containment hooding and into the building and out the roof vents. 

"Blowholes" occur sporadicc.lly and result in severe air lead levels in 

both the plant and the community. There are also significant fugitive 

emissions associated with feeding the blast furnace and charging the 

fuming furnace. Blast furnace emissions are about 60% lead in an oxide 

form. Fuming furnace emission have a low lead content «5%). 

3.2.5. Refineries 

The molten bullion is transfered to the lead refinery by an overhead 

crane. It is cooled to partially remove impurities such as sulfur, 

arsenic, zinc, antimony, nickel and other elements as a surface dross. 

Copper is then removed by adding sulfur and skimming the rising dross. 

These drosses are then sll'elted in the reverberatory furnace and the matte 

is sold to copper refineries. The lead bullion is then pumped through a 

continuous softening process where antimony and arsenic are oxidized and 

removed as a surface skim. This skim is stored for an annual campaign of 

electric furnace treatment to produce antimonial or hard lead. 



Zinc metal is then added to the lead in two steps: first for the 

removal of gold and second for silver. Both are collected as cooling 

dross and sent to the silver refinery for recovery. There the zinc is 

removed by retorting and the lead by cupelation. The silver is cast and 

sold as 99.99% pure. The gold is captured in a silver-gold alloy called 

dore metal that is sold to refineries. 
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The lead bullion is subjected to a vacuum dezincing process where 

residual zinc is evaporated from the lead and redeposited in metallic form 

on a condensor. Finally. sodium hydroxide is added to remove the last 

traces of impurities and corroding lead (99.98% pure) is cast for 

marketing in 100 pound pigs, 25 pound sectioned ingots and one ton 

blocks. 

In comparison to the Highline Area, the Blast Furnace, and the Sinter 

Plant, the Refineries have little fugitive emissions that impact the com­

munity. Certain job titles have significant occupational exposures but 

none as great as some other plant areas. 

3.2.6. Main Baghouse and Acid Plant 

The majority of process off-gases produced in the plant are routed to 

those two facilities. Combustion gases from the sinter machine are 

collected in two streams. The strong gas sinter stream is collected from 

the area of the sinter machine where most of the sulfur is burned. This 

stream io rich in 502' The stream is cleaned of extraneous particulate 

matter in a baghouse and then sent to the Acid Plant -where the S02 is 

catalytically conve,ted to sulfuric acid. This acid is utilized in a 

corrmel'cial fertilizer plant. The weak stream from the sinter machine is 

sent to the main b~ghouse along with several off gas streams from the 

blast furnace and refinel-Y areas. These gases are filtered of particulate 
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matter at the baghouse and dre exhausted to the atmosphere. The particu-

late matter collected is rich in metals and is returned to the process in 

the Highline Area. Little fugitive emissions are associated with these 

facilities under normal operations. However, because most of the 

pollutlOn gas streams· are routed to the main baghouse, upsets in this area 

can result in enormous particulate emissions. 

I 

• 

I . , 
I 



4.0 SOURCE IDENTIFICATION AND EMISSIONS EVALUATION 

4.1 GENERAL 
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There are several sources of lead to the atmosphere in the Silver 

Valley. These sources vary in magnitude, frequency, chemical constitu­

ency, and configuration. Some categorization scheme is necessary for pur­

poses of discussion and analysis. Developing reasonable source categories 

requires certain knowledge of the different sources' behavior and the re­

sponsible environmental and industrial processes. The mil' and smelter 

processes and their associated air pollution problems' erE dis(U5S2d in 

detail in Section 3. There are, however, sources of lead from outside the 

smelter that were considered in the model for~ulatior. 

Lead/zinc ores have been mined in several locations in the Silver 

Valley for nearly one hundred years. All currently active mines are east 

of the smelting complex. Galena (PbS) is the predominant lead ore. The 

ore is concentrated by wet-chemical milling processes near the mines. -Both 

lead and zinc concentrates are produced in flotation processes similar to 

that described for the Bunker Hill Company. Concentrates are typically 

60% metal in the sulfide form and are the consist~ncy of coffee grounds. 

They are transported to their respective smelters by rail in wet form. 

Direct air pollution from these activities is insignificant. The 

milling operations are wet and the material is transported before it 

dries. Concentrates spilled on the roadways constitute an active source 

of heavy metal particulate after drying. Other residual aspects of the 

milling operations can have certain air quality effects. Large quantities 

of tailings containing significant amounts of heavy metals are produced by 

the milling operations. Currently these tailings are stored in large 

ponds. The dikes of these ponds are usually made of dried tailings. 



These metal-laden, low pH, fine sandy materials are not conducive to 

vegetatior, and the dikes and abandoned ponds can be significant sources 

of reentrained fugitive dusts. 
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In the first eighty years of mining, tailings were discharged direct­

ly into the river or dumped at convenient locations. Periodically, the 

river would flood and deposit the waste material on the valley flood 

plain. These silts are also a source of particulate reentrainment. Tail­

ing sands are typically 1 to 4% lead by weight. Also, years of sul1'ur 

dioxide abuse resulting from smelting activities have denuded most of the 

hillsides in the vicinity of Kellogg. At the same time, huge quantities 

of air transported metals have been deposited on these same soils. Levels 

as high as 2.5% lead are observed in some barren areas. Reentrainment of 

these materials is a significant atmospheric lead source. 

All of these SGurces and all known industrial in-plant and off site 

air lead emissions are considered in the model development discussed in 

Section 5 of this report. Those sources known to impact the ambient air 

in the community are discussed and characterized in Section 4.2. The com­

munity impact aspects of occupat ional environment are discussed in Sect ion 

4.3. 

4.2 ENVIRONMENTAL AIR LEAD SOURCES 

Community directed air pollution sources are first separated into the 

gross regulatory categories, point SOilrces and fugitive sources. Point 

sources are defined as controlled sour~es that emanate from stacks or 

equivalent devices. Fugitive sources are all those sources that are not 

classified as point sources. Four sub-categories of fugitive sources, 

based on the source's suspension energy, have been developed for these. 

analyses. They are (1) process fugitive sources that are attendant to and 



derive their suspension energy from industrial processes, (2) active 

fugitive sources associated with gross materials handling in industrial 

areas, (3) active emissions arising from transportation activities, and 

(4) passive fugitive emissions that are reentrained by the wind. All of 
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the sources in the vall ey were loc ated on computer i zed maps prepared 

·especially for these analyses. These maps are presented a~d discussed in 

Appendix A. References to the appropriate maps are made in this section. 

4.2.1 Point Sources 

All point sources in the valley are inventoried by the NEDS classi-

fication system designation number. Table 4.1 shows the source 

characteristic information available for the 32 point sources identified. 

The variables in that table are as follows: 

NEDS--The National Emission Data System identification number 

UNIT--identifies the associated industrial process unit (i.e., 1 
crushing plant, 5 sinter or lurgi operation) 

PB~R, COFR--percent lead and cadmium, respectively, in the 
particulate emission 

EXITVEl--exit velocityof the stack emission (m/s) 

STHGHT--physical stack height above ground (m) 

STOIAM--physical stack diameter (m) 

EXITTEMP--stack gas exit temperature (OK) 

VOlFLDW--stack gas volumetric flow rate (m3/s) 

YROP PCT - -percent of. ann ua 1 operat ion time 

NAME--emission point name 

PSNUM--point source identification number 

With the exception of the last variable, these data were gathered from 

previous reports of PEOCo (1975), Valentine and Fisher (1975), PES (1978), 

and EPA (1975a,c). The last variable, PSNUM, is a categorization variable 



T;, b 1 e 4.1 Point Source Inventory lnforma.t ion 

=~ 

DB' UNIT HEDS PHn CPFR EXITVEL ST:tGHT STDIAH £liTrEHP VOLfLOII ¥ROPPCT NAHE fSHUH 

1 1 2 Jl 0 Cnuhpl Prrclt" 1 
2 1 J )1. 1 50 Cl"luhpl Collect 1 
1 1 ~ )1 1 50 CrulfIhpl R.od.!ll 1 
~ 1 5 l! 1 J.I 289 6.61 50 Cru.i~p~ aaShou •• 1 
5 2 6 31 1 9.8 291 J.I0 80 Oreprep a·chouee 2 
6 1 1 31 1 24.8 lIO 9.9J 15 Pellet 'Dryer J 
1 5 3 ~5 1 5.20 6.1 1. 01 29~ •. 72 75 Lura! D Scrubber 4 
8 5 9 .5 1 ).0 291 1. 66 100 Lur,! N Jtotoclon 4 
9 5 10 .5 1 10.50 6.1 1. 01 H~ 9.U IS Lur,! 8 Scrubber ~ 

10 5 12 'S 1 10.90 6.1 3.14 Jl2 8~. 46 85 Lur,! A S~rubbcr 4 
11 5 11 4~ 1 10.50 6.1 1.0) 29. 9.45 7S l.u r a I C lictubbcr 4 
12 ) 16 5 1 10.90 53.~ 3. I' 1I2 84. 46 85 ZN YUille Hain St. 5 
1 ) 7 17 5 1 10.90 H.' 0.91 3H 1.08 1:5 ZH Yu. ln a Gran 6 
1 I, S 32 85 Pbrccin Scrubber 7 
15 8 1 9.1 292 4.32 75 Rev\!!l"b Bashouac 7 
16 9 15 19.8 323 1926.00 11 Ef Cran Sc-nJbbe:r 7 
1 7 11 1 55 ) 14. JO 211.9 4.15 327 193.10 100 Saelter H.lD 5 t. 8 
16 20 18 10 1 9.00 166.0 1. 83 1I1 13.62 50 Zinc H.in StAck 9 
19 21 33 10 1 Concent Dryer 10 
20 21 19 10 1 Con cen t SIlo 10 
21 22 22 20 1 R08conv Scrubber 11 
22 23 25 10 1 Heltdr. Scrubber 11 
23 :J 23 10 1 Rod rOl!l8 Balhau •• 11 
H 23 20 20 1 2.0) 16. ) 0.76 412 0.94 IIUedae Scrubber 11 
25 24 21 10 1 Rcetdue Dr:YlII:r 12 
26 25 28 5 1 Scrap Fu .. nace 12 
2 1 25 26 5 1 17.90 6.1 o. '6 JO 1. )2 0 , 3Hc 1 t Scrubber 12 
16 25 27 5 1 12tielt Scrubb~r 12 
29 2. H 5 1 ZN Pure B.ghouee II 

N 
30 31 30 0 0 20.60 13.4 0.91 34i 14.17 AHP Reactor 13 N 
31 J2 29 0 0 AMI' Dryer 13 
H 13 H 0 0 Doyle !'~CActor 13 

* page· 26 var-iables defined on 

II -
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developed for the purposes of this study. It is explained in a later sec­

tion of the report. Point sources are locaten on the Map PTSOURCE in 

Appendix A. 

4.2.2 Proce~s Fugitive Sources 

These are pollutants that escape to the atmosphere from industrial 

processes. They may be leaks, vents, and overflows from production and 

pollution control equipment or buildings. They may escape from uncon-

tro lled port ions of processes exposed to the atmosphere, such as conveyor 

belts or by-product dumps. Many of these fugitive sources are attendant 

to the processes and exhibit regularity in their location and strength 

(e.g., building fans). Others, particularly leaks and overflows associat­

ed with process upset conditions and malfunctions, are erratic in both 

frequency and magnitude. 

Process fugitive particulate sources were identified and mean emis­

sion rates were estimated in previous studies (PEDeo, 1975c; Valentine and 

Fisher, 1975; PES, 1978; PEDeo, 1979). Those sources have been identified 

in Table 4.2, together with percentage lead and cadmium components measur­

ed in the same surveys. 

All industrial process-related lead sources were combined in cate­

gories for later analyses. Those sources and mean emission rate estimates 

and rankings can be found in Table 4.3. This table represents. the best 

estimates for comparing industrial sources that could be developed with 

the available data. It was developed from information collected between 

late 1974 and early 1979 and some updating may be required. 
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Table 4.2 Process Fugitive Sources Ordered by Lead Source Strength 

N~me EMR PBFR COFR PBEMR COEMR 

Blast furnace 30.00 61 9 18.3000 2.7000 

OPP exhaust fams 34.00 31 1 10.5400 0.3400 

ORE con exhaust fans 25.00 34 1 8.5000 0.2500 

Cast roof fans 12.40 31 1 3.8440 0.1240 

PB ref roof vent 6.70 37 1 2.4790 0.0670 

Elec Fur roof 4.30 10 0 0.4300 0.0000 

Sinter prod dump 0.54 31 1 0.1674 0.0054 

EMR--total particulate emission rate, lb/hr; PBFR--percentage lead 
in emission; CO,R--percentage cadmium in emission; PBEMR---lead emission 
rate, lb/hr; COEMR--cadmium emission rate, lb/hr. 

4.2.3 Active Fugitive Sources 

These sources are varying and intermittent pollutant sources whose 

suspension energy is provided by agents other than steady state industrial 

processes. They may be industrial sources related to activities such as 

stockpiling, truck and train loading and unloading, or materials handling. 

They may be related to land use such as ground working, construction, or 

surface min ing.· Or they may be related to tl'ansporat ion sources such as 

reentrainment by vehicular traffic, from open carriers, or mobile source 

combustion emissions. They are distinguished from the previous category 

in that their frequency and magnitude are not atte0dant to industrial 

processes in the steady state time frame, dnd from the following category 

in that their suspension energy is independent of kinetic meteorological 

factors. 
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Table .4.3 Poine Source Category Componen t:s and Lead 
Emission Rates (EilR) 

1- Smelter Low-Level Sources 

NEDS Name Mean Lead r- of EMR 
EMR lb./hr. Category Rank 

2 Crushing Pl an t Dryer 3.4 6 6 
3 Crushing Plan t Collector .4 1 12 
4 Crushing Plant Rodmill .4 1 13 
5 Crushing Plan t Baghouse .4 1 14 
6 Oreprep Baghouse .3 1 16 
8 Lurgi D Scrubber 1.4 2 10 . 
9 Lurgi N Rotoclon 16.0 28 1 

10 Lurgi Il Scrubber 4.1 7 4 
11 Lurgi A Scrubber 3.4 6 5 
12 Lurgi C Scrubber 2.7 5 7 
17 Zinc Fume Granula Oil r 1.8 3 9 
32 PB Refinery SC't: \:; er- 0 

15 Electric Furnace Scrubber 0 
rUG Oreprep Exhaust Fans 10.5 18 2 
FUG Ore Con c Exhaust 'F ans 8.S 1S 3 
rUG PB Refinery Roof Vent. 2.5 4 8 
FUG BF Roof Vents .9 2 11 
FUG Electric Furnace Roof . 4 1 15 
rUG 5 in c e r Product Dump .2 1 17 

Iotal Low Smelter PB 1::1111. 57.3 

-------------------------------------------------------------

MEDS 

11. Smelter Mid-Level Sources 

Name Mean Lead 
EMil. lb./hr. 

:. of EliR 
Caeegory Rank 

-------------------------------------------------------------
7 Pellet: Dryer 8. a 24 2 

16 Zin c Fume Main Seack 2.3 7 4 

FUG lllase Furnace 18. 3 S.4 1 

FUG Casting Roof Fans 3. 6 11 3 

FUG Fuming Furnace Roof ...l:.1. 4 5 

Total Mid Smelter ?Il EMR, 33. 7 

--------------------------------_._---------------------------

; 
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Table 4.3 Continued 

NEDS 

III. Smelter High Level Sources 

Name Mean Lead 
EMR lb./hr. 

% of EMR 
Catego·ry Rank 

-------------------------------------------------------------
1 Smelter Main Stack 43.0 100 1 

-------------------------------------------------------------

NEDS 

IV. Zinc Plant Low-Level Sour~es 

Name Mean Lead 
EMR lb./hr. 

7. of EMR 
Category Rank 

-------------------------------------------------------------
33 Concentrate Dryer .02 1 5 
19 Concentrate Silo a a 
22 Rosconv Scrubber 0 0 
25 Melt DRS Scrubber . a 7 3 4 
23 Rodross Baghouse .02 1 6 
20 01 WedB Scrubber 1. 36 67 1 
21 Residue Dryer 0 1 7 
28 Scrap Furnace .07 3 4 
26 D:J Kelt. .37 18 2 
27 D 2 .Me 1 t • .11 5 3 
24 Z.N Pure. Baghouse _0_ 0 

Total ZN Plant LoW Level 2.02 
-------------------------------------------------------------

V. Zinc Plant High Level Sources 

NEDS Name Mean Lead % of EMR 
EMR Ib. /hr. Category Rank 

-------------------------------------------------------------
18 Zinc Plant Main Stack 2 .28 100 1 

-------------------------------------------------------------
VI. Ammonium-Phosphate Plane Sources' 

NEDS Name Mean Lead % of EMR 
EMR lb. /hr. Cacegory Rank 

-------------------------------------------------------------
31 
32 
33 

AMP Reac:or 
AMP Dryer 
Doyle Reactor 

o 
o 
o 
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Active Sources (Industrial)--Particulate fugitive sources were identified 

in the same surveys cited in the process fugitive discussion. Similarly, 

mean emission rates and chemical constituencies were estimated in those 

studies. These sources are identified in Table 4.4. They can be located 

on Map ACTIVES in Appendix A. 

Table 4.4. Active Fugitive Source Characteristics 

Name MapID EMR PBRF CDFR PBEMR CDEMR 

Si I ica slag pile 73 17.8 5 0 0.890 0.000 

Sinter storage 45 1.6 42 1 0.672 0.016 

SI ag storage 33 20.2 2 0 0.404 0.000 

State highway piles 74 30.3 1 0 0.303 0.000 

Sinter storage 49 0.4 42 1 0.168 0.004 

Coke storage 45 0.6 a a 0.000 0.000 

EMR--total particulate emission rate, lb/hr; P8FR--percentage lead in 
emission; CDFR--percentage cadmium in emission; PBEMR--lead emission rate, 
lb/hr; CDEMR--cadmium emission rate, lb/hr. 

Active Sources (Transportation) 

Each of the roads ident ified in this study was characterized as 

paved, unpaved, or dusty paved. Annual vehicle miles traveled (VMT) for 

each road were obtained from previous reports and traffic studies (PEDCo, 

1975c; PES, 1978; State of Idaho, 1974a). Emission Rate Factors devel­

oped by the EPA as described in PEDCo (l975c) vlere then appl ied to get per 

unit di'stance emission rates for these roads. Both road dust and gasoline 

combustion factors were included. All roads included in this study can be 

found in Appendix A map ROADS. 
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Active Sources {Urban)--Urban active furgitive source strengths were con­

sidered to be proportional to the traffic volume on city streets. The 

to~al VMT estimates for each city were obtained and proportionately 

allocated over the area of the community. No absolute estimates of 

emission rates were determined for the last two sub-categories as they 

were treated proportionately in later regression analysis correlating 

these estimates to observed concentrations. The details may be found in 

von L indern 1980b. However, these sources are located on the Maps TOWNS 

and ROADS in Appendix A. 

4.2.4 Passive Fugitive Sources 

These sources are reentrained by the wind. They include open areas 

of bare soil and exposed industrial areas. Their magnitude depends on 

wind speed and direction and su~face conditions. The air quality aspects 

of, these sources have attracted signficant attention in recent years due 

to the need for predicting urban air pollution levls, and in the nuclear 

industry where resuspension of spilled nuclear materials is a possible 

health hazard. Like roadway sources, passive source strengths are greatly 

dependent on surface conditions. Soil particle size distribution, surface 

. roughness, orientation, cover, and moisture conditions are the prinCipal 

surface variables. Those factors that contribute most to wind suspension 

have been investigated for many years in relation to soil erosion. Those 

studies have been modified to develop air pollution impact estimates 

(PEDCo, 1973; Wilson, 1975). 

Ail of the available data for passive sources have been accumulated 

from three studies conducted in the Silver Valley (PEDCo, 1975, PES, 1978; 

State of Idaho, 1978). The sources can be found in Table 4.5 and located 

on Maps found in Appendix A, by using the value VAL as described in Part E 
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of that Appendix. No absolute emission rate estimates were prepared for 

these sources because of the nature of the later analyses as detailed in 

von Lindern 1980b. 

4.3 The Occupational Environment 

4.3.1. General 

There are considerable differences in developing emissions profiles 

for community environmental analyses and occupational exposures. Ambient 

air monitoring is conducted continuously for twenty four hours and 

represents a daily average. Occupational exposures ore an eight-hour time 

weighted average and reflect the several activities a worker may enC0unter 

on a shift. Translating occupational exposure observations to daily 

averages that are useful in relation to ambient concentrations is 

difficult and inexact. Significant uncertainty exists not only in the 

measurements themselves but also because the bulk of the particlllat2 

matter exposing a worker, in most instances, never reaches the community 

environment. Transport barriers restrict pollutant dispersion and most 

large particles will settle out near the sources. 

For this analysis a summary dlScussion of OSHA findings in each plant 

area is presented. A general discussion follows ano sets of three 

exposure estimates are developed for each critical plant area. This 

estimate represents the general or background component of industrial 

exposure in each area that might impact the community through diffusion 

and reentrainment phenomena. The minimum estimate represents expected 

component exposures for optimal operations. The mean leve"1 is the 

representative or expected value to be used in any model comparisons and 

the maximum value is the peak exposure that might be encountered under 

upset conditions. These estimates are expected to have an uncertainty 
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of +100%. Due to the erratic nature of both smelter operaticns and 

air lead exposures, greater accuracy is unobtainable without expanded and 

expensive monitoring. As the smelter is currently inoperative, improved 

estimates are not available. 

4.3.2. Data Source 

The occupational environment in the lead smelter was most recent.ly 

analyzed by the Radian Corporation under a Department of Labor contract 

(~urton, 1981). The report was developed to assess the potential of 

achieving compliance with OSHA lead-in-air standards for job classifica­

tions cited in 3 1980 OSHA complaint. The analyses considered: 

1. Administrative, work practice and engineering controls t!lat could 

bring specific job classifications into compliance with the 200 

ug/m3 lead standard. 

2. Approximate costs to implement the proposed controls. 

3. An estimate of the expected results of proposed controls. 

Exposure chracterizations for the Radian study were developed from 

data collected from three sources: the 1975 NIOSH study, OSHA 

inspections, and Bunker Hill Company self monitoring. That report and the 

support evidence collected for the 1980 OSHA citations (OSHA, 1980) are 

used to estimate in plant exposures for use in this analysis. 

The Radian study has been extremely useful in the preparation of this 

report. It is presented in a straightforward and cone ise manner that is 

useful to botn regulatory personnel and those who are considering the 

continued operation of the Bunker Hill lead smelter. Before proceeding 

with characterizing in-plant exposures, however, there are some important 

points that should be reiterated and some exceptions to be taken with this 

report. 

.. 
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Radian notes that "like other smelters ... exposures at Bunker Hill 

typically range over orders of magnitude. The wide range of exposures is 

due to upset conditions, inconsistent operating conditions, individual 

work practices, and other factors which cannot be completely eliminated." 

With respect to both occupational and community exposures, this point can-

not be overstated. Compliance with either set of standards will not be 

accomplished without technical or administrative controls for upset condi-

tions. 

The Radian study considers only retrofit techniques. Controls that 

require new processes or operations were not included. Radian cited 

excess costs, poor lead markets, uncertain EPA and OSHA lead regulations, 

and high unemployment as rendering new processes impractical. However, it 

is likely that in some smelter areas, upsets will never be controlled nor 

will compliance be achieved without significant process modifications. 

Modernization, replacement, and modification of processes must be consid-

ered in any long term strategies that project final compliance with the 

ambient standard. Many of the percent emission reduction schemes present-

ed later in this report are infeasible with retrofit controls. Both the 

scope and the costs projected in the Radian report must be expanded to 

address the needs of concurrently considering the off property impacts of 

these sources. 

4.3.3 Exposure E~t.ates for General Plant Areas 

Mill and Concentrate Handli~. OSHA found no excess occupational 

exposures in this area of the smelter. Milling and concentrating are 

principally wet processes and have lit:le direct contribution to airborne 

exposures for workers or the community. 

; 
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Highline Area. Ore Preparation Plant (OPP). The Highline Area has 

the greatest incidence of excess occupational exposures in the smelter. 

Sixteen job classifications were cited for excess exposure to airborne 

lead in the 1980 OSHA comp 1 a i nt. Eight hour expo sures ranged from 

60 ug/m3 for the area bayhcuse operator to 9530 ug/m3 for the Highline 

lancer. Those working for extended periods in the bedding plant, i.e. OPP 
-

tripper, belt operator, laborer, and helper had exposures from 

1320 ug/lrt3 to 6210 ug/m3, Maintenance mechanics in this area recorded 

exposures of 2750 ug/m3 and 4640 ug/m3• 

Four 50b classifications were considered 'in the Radian study. They 

were OP? t ripper, bQ 1t oper ator, he 1 per, and 1 ancer. The same conc 1 us ion 

was drawn for all four classifications. Compl iancewith the 200 ug/m3 

8-hour TWA standard is infeasible without major process modifications. 

Genera 1 exposure estimates developed for this area are: 

Minimum 20 - 300 ug/m3 24 hour aver. 

Mean 690 1330 ug/m3 n n 

Peak 2200 - 3700 ug/m3 n n 

Most of the Highline area exposures occur indoors and community 

effects are manifest from building ventilation and bulk handling of 

materials moving in or out of this area. Estimates for general exposures 

are difficult to predict, hence the wide ranges noted above. 
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Table 4.6 OSHA CITATIONS IN THE HIGHLINE AREA 

Job Title Exposure % Attributed % Attributed 
8 hr TWA to Background to Direct 
ug/m3 Pb or General Area Job Activity 

OPP Tripper 1010 30 70 

Belt Operator 6210 30 70 

" II: 5270 30 70 

Helper 1330 /2 /2 

" 1320 /2 /2 

Highl ine Lancer 9530 20 80 

" " 7370 20 80 

opp Belt Laborer 1020 13 /3 

Maint. Meehan ic 2750 /2 /2 

" " 4640 /2 /2 

Crane Operator 280/1 /3 /3 

" " 1150 /3 /3 

Crusher Operator 1070 /3 /3 

Mi 11 Operator 670 /3 /3 

Switchman 180 /3 /3 

Baghouse Serv . Leader 60 /3 /3 

Baghouse Operator 60 /3 /3 

/1. Inside Cab 

/2. Too varied to determine 

/3. Not addressed 

! ; 
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Sinte~ Plant Area 

Seven job classifications were cited for excess lead exposure in the 

sinter plant are~. Concentrations ranged from 240 ug /m3 in the tool 

reom o.rea to 12,950 ug!m3 for the pellet plant hQlper. The operator and 

assistant operator recorded exposures of 1380 ug/m3 and 3770 ug/m3, 

respect ively. The maintenance mechanic had an exposure of 2150 ug/m3 • 

The control room recorded ~n 8 hr TWA of 405 us/m3. OSHA citations can 

be found in Table 4.7. 

The Radian report consi~ered only two of these jeb classifications. 

The too 1 room and maintenance mechanic exposures were addressed. The 

report suggested the tool room be moved and that the mechanic's exposure 

Vias too varied to analyze. The following estimates were developed for use 

in this report: 

Minimum 

Mean 

Peak 

200 ug/m3 

500 ug!m3 

4000 ug/m3 

As opposed to the highline area, excessive plant exposure, in the 

sinter plant area often occur outdoors and could likely impact the near 

community ?s fugitive emissions. 

Blast Furnace-Fuming Furnace Area 

Eighteen excess exposure citations were issued in the Blast Furnace­

Fuming Furnace Area. Lead exposures ranged from 68 ug/m3 8 hr TWA in 

the overhead crane Cae to 1800 ug!m3 for the Blast Furnace operator. In 

general, expOSl!res for workers throughout the area ranged between 400 and 

800 ug/m3• Radian analyzed five job classifications in this area. Com­

pliance tn the crane cabs has been achieved in the last year through an 
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Table 4.7 OSHA CITATIONS IN THE SINTER PLANT 

Job Title Exposure % Attributed % Attributed 

Tool Room 

Ma int. Mech 

Control Room 

As st. Oper ator 

Pe 11 et Pl ant Helper 

" " " 

Operator 

/1. Too varied to analyze 
/2. Not addressed 

8 hr TWA 
ug/m3 Pb 

240 

2150 

405 

3770 

7140 

12950 

1380 

to Background to 0 i rect 
or General Area Job Activity 

50 50 

/1 11 

100 

/2 12 

/2 /2 

12 /2 

/2 /2 

air tract system. Similarly, tapping positions have aChieved acceptable 

levels through improvements in hooding and tapping practices. However, 

as Radian notes, compliance for other job classifications in the Blast 

Furnace area is impossible because of upset conditions that occur on about 

25-35% of the shifts. Radian did not address classifications in the Fum-

ing Furnace area. Exposure estimates were developed as follows. 

Minimum 
Mean 
Peak 

300 ug/m3 
500 ug/m3 

7000 ug/m3 

These numbers essentially reflect blast furnace upsets. By some esti-

mates, the blast furnace is upset at least four minutes every hour on a 

daily basis. Other studies have cited upsets as frequent as 35% of the 

time. In terms of community impact, this is the largest single source of 

lead dust in the smelter. 

; 
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Tab le 4.8 OSHA CITATIONS IN THE BLAST FURNACE-FUMING FURNACE AREA 

Job Title 

Blast Furnace 

Operator 

Slag Tapper 

" " 

" " 

Crane Operator 

" " 

Pipe Fitter 

Feederman 

Fumins Furnace 

Cr ane Oper ator 

" " 

Operator 

Car Loader 

Side Lancer 

Top Lancer 

Helper 

Baghouse Operator 

Baghouse Helper 

/1. Ins ide Cab 
/2. Corrected in 1981 
/3. Dependent on upsets 
/4. Not addressed 

Exposure 
8 hr TWA 
ug/m 3 Pb 

1800 

410 

520 

430 

220 

68/1 

440 

690 

130/1 

180/1 

770 

710 

550 

530 

190 

580 

710 

% Attributed % Attributed 
to Background to Direct 

or General Area Job Activity 

15 85 

/2 /2 

/2 /2 

/2 /2 

/2 /2 

/2 /2 

/4 /4 

/3 /3 

/4 /4 

/4 /4 

/4 /4 

/4 /4 

/4 /4 

/4 /4 

/4 /4 

/4 /4 

/4 /4 
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Ref1neries. OSHA cited thirteen job classifications as having excess 

exposures in the Refinery areas. Six job titles were cited in the lead 

ref inery with levels ranging from 160 ug/m3 for kettle operators to 2850 

ug/m3 for the softener operator. In the silver refinery three pos it ions 

were cited; 1 eadman 550 ug!m3, retort operator 1660 ug/m3, and cupe 1 

operator 1550 ug/m3. In the casting and loading area four jobs were 

cited ranging from 93 ug/m3 for the fork lift operator to 136 ug/m3 

for the skimmer helper. OSHA citations cna be found in Table 4.9. 

Radian's analysis considered five job titles in the lead refinery. 

No consideration was, given to the high temperature fume exposures in the 

silver refinery or to the relatively low exposures in the casting and 

loading area. All of the le'ad refinery exposures with the exception of 

the reverb operator, have been corrected by improvements installed in 

1981. Exposure at the reverb is upset dependent and considered uncorrect­

able. 

Estimates for exposures in the context of this analysis are 

Minimum 

Mean 

Peak 

SO ug/m3 

100 ug/m3 

700 ~g/m3 

These are relatively low values and impact the community through roof 

venting of the casting area. 

Baqhouse Area. OSHA conducted only one compliance evaluation in this 

area. The control room exposure was 92 ug/m3 8 hour average. Insuffi­

cient data were available to project background levels for this area. 
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Table 4.9 

Job Title 

Lead Refin~ 

Dross Operator 

Kettle Operator 

" " 

Reverb Operator 

Cr ane Operator 

Softener Operator 

Silver Refiner,y 

Leadman 

Retort Operator 

Cupel Operator 

Castin9 and Loadin9 

Skimner Helper 

" " 

" " 

Fork Lift Operator 

/1. Eliminated 1981 
/2. Upset Dependent 
13. Not Addressed 

OSHA CITATIONS 

Exposure 
8 hr TWA 
ug/m3 Pb 

2100 

1100 

160 

700 

580 

2850 

550 

1660 

1550 

120 

136 
1 

160 

93 

40 

IN THE REFINERY AREA 

% Attributed % Attributed 
to Backaround to Direct. 

or General Area Job Activity-

20 80 

/1 /1 

11 /1 

10/2 90/2 ; 

5/2 95/2 

10 90 

/3 /3 

/3 /3 

/3 /3 

/3 /3 

/3 /3 

/3 /3 

/3 /3 
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5.0 MODEL DEVELOPMENT AND AMBIENT ANALYSIS 

5.1 GENERAL 

The heavy-metal contamination problem in the Silver Valley is extremely 

complex. The air pollution component is especially difficult. Considerable 

care must be exercised in any analysis of the support data and the 

particulars of the analytical procedures. In any type oT modeling study where 

mathematical expressions are used to represent physical phenomena. certain 

assumptions have to be made to accommodute the analysis. The adequacy of 

those assumptions most often determines the quality of the results and 

conclusions. The types of assumptions that are inherent to simulation 

diffusion models (at the practiced state-of-art) could possibly make such 

analyses unreliable for the Silver Valley situation. However. given the 

wealth of data available. an empirical application in this situati"on could 

result in a more reliable analysis. Literature citations and a support 

argument for this position can be found in von Lindern (1980b), 

This is not to say, however, that there are no problems in an empirical 

analysis. Analyses where observed pollutant concentrations are related to 

atmospheric and emissions indices. in the ignorance of the physical 

phenomena involved. are particularly prone to el-roneous conclusions. Great 

care ~ust be exercised in the design of the model and the interpretation of 

results. In any model ing analysis, it is important to understand the 

physical and anthropogenic factors involved. This background information is 
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necessary to select and to evaluate the assumptions discussed above. Most 

of this background material has been summarized in earlier sections. How-

aver, there are three areas of specific difficulty that should be discussed. 

The problems are presented in detail in von Lindern (1980b). However, they 

are important enough to repeat briefly in this presentation. They are: 

1. ~leteoro10gica1 factors associated with complex terrain. 

2. Spatial and temporal valuation in ,source strength and multiple 
source configurations. 

3. Interdependency of source strength and confi gurati on with 
meteorological variables. 

Two atmospheric phenomena common to complex terrain literature are 

especially important in the Silver Valley: the frequent formation of surface 

based nocturnal inversions and the mountain-valley drainage wind. Radiative 

coo ling of the slopes of the va 11 ey causes ai r temperature to decreilse near 

the surface. As it cools, it becomes more dense and flows downslope to the 

valley floor and subsequently down valley. Extreme diurnal" shear and low 

level isothermal structures can result from this drainage. This capping 

phenomena i nhi bits poll utant di ffus i on and enhances terra in channell i ng. 

Mter sunrise the slopes of the valley heat more rapidly than the floor. 

This results in the descent of the inversion layer as insolation proceeds 

and fumi gati on phenomena can return res i dua 1 po 11 utants trapped a loft over­

night to the ground. Following this period flow up the valley predominates. 

This flow is typically associated with the prevailing synoptic winds aug­

mented by upslope Vlinds resulting from differential heating. The valley 

narrows and deepens considerably in this direction. As a result, signifi­

cant terrain channelling is expected with up-valley winds, even in the 

absence of stable layers aloft. 

; 
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Conventional modeling analysis dealing with long-term effects 

requires some degree of uniformity and homogeneity in both atmospheric and 

source behavior. The second difficulty in analyzing the Silver Valley via 

modeling concerns the spatial and temporal irregularities in source behavior. 

$ource descriptions were orovided in the last section. Point sources are 

genera lly uniform in thei r behavi I'lr. Industri al processes a re des i gned to 

operate at particular rates and capacities. Control equipment is corres­

pondingly designed and emission rates are consistent. \'Jhen dealing with 

process fugitive sources, emission rates become irregular, depending on 

process fluctuations and outs.ide stimuli. These two categories are also 

subject to upsets and. malfunctions that can result in orders of magnitude 

changes in emission rates for short periods of time. Active fugit'ive 

sources are sporadic and their emissipn rates depend on the frequency of 

their parent mecha~ical activity and local me.~orological conditions. 

Passive fugitive source emission rates are wholly dependent on meteoroloai­

ca 1 factors and vary not 'on ly in magnitude and frequency but in confi gura­

tion as well. ~!ind speed, .wind direction. and Sl!rface conditions dictate 

these sources' contribution to atmospheric levels. 

Thi s 1 ast fetor. the i.nterdependency of source strength and con­

figuration with meteorological variables is, perhaps. the most confounding 

factqr in applying modeling techniques to this problem. Ironically, it is 

th; s same dependence tha t a 11 owed so 1 uti on of thi s problem through the tech­

niques employed. As an excellent meteorological data base was available 

through the Bunker Hill Company's Supplementary Control System (SCS) monitoring 

network. source behavi or coul d be quantifi ed through meteoro 1 ogi ca -, i ndi ces. 

However. doing so in an empirical format utilizing over thirty variables 
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and two years of data from hundreds of sources was a tremendous computational 

demand. In this study, the problem was addressed by using the geographic 

information system described in von Lindern (l980b). 

5.2 THE MODELING PROCEDURES AND ASSU~1PTIONS 

5.2.1 The Basi c Source-Receptor ~10de 1. . The objecti ve of thi s mode 1 i 09 

analysis is to quantify those factors most important in air lead contamina­

t.ion in the Silver Valley and to ascertain the relative contribution of 

different sources to excess atmospheric concentrations. Considering the 

wealth of data available and the partic~lar difficulties of applying standard 

diffusion models, an empirical approach was selected. The first step in the 

so 1 uti on strategy was to deve 1 op the bas i c source- receptor model descri bi ng 

the fundamental relationship between a receptor and any source of exposure. 

The design of that model should account for those particular tOP9graphical 

emissions. and meteorological phenomena suspected of confounding air pollu­

tion impact analysis in this area. The most important of these considera­

tions have just been discussed. Cursory examination of the wind spectra in 

the Silver Valley suggests that the mountain-valley drainage/nocturnal 

inversion scenario dominates the local meteorology on the majority of days. 

The model developed sought to quantify the basic source-receptor relationship 

in a quasi-Gaussian fashion by accounting for the· peculiar flows associated 

with thi s di urna 1 phenomenon. It is a 1 so known that certa i n meteoro 1 ogi ca 1 

conditions can void or considerably modify the basic relationship. The Bunker 

Hill Company SCS has identified those critical meteorological situations. 

Their data are used to modify the basic reiationship where appropriate by 

dummy variable additions to the regression procedure. 
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5.2.2. Variable Construction. A derivation of the modeling equations and 

construction of the variables and regression analyses are not contained in 

thi s report but can be found in von Lindern (l980b). It is most important 

in this report to pOint out and discuss the assumptions inherent to the mod­

eling strategy and how those assumptions affect the quality of the results 

and limit the conclusions that may be drawn from these techniques. 

where 

, 

The basic modeling equation was the simple Gaussian plu!lle model 

1 1 _ Z _H2 
x = Q . ."....". • -- . exp(....:L) . exp(--2) 

~1TU oYOZZ .---:2- Z oy OZ 

x = the pollutant concentration at the receptor 

Q = the initial pollutant source strength 

u = the wind speed in the x di recti on 

oy and ciz = the standard devi ati ons in po 11 utant concentrati on 
in the y and z directions 

x,y,z = the Cartesian coordinates 

H = the difference in elevation between source and receptor. 

No provision is made for differential plume rise or particulate settling. 

This model was derived in a surrogate form to accommodate those variables 

that were available from the emissions, meteorological, and geographic data 

bases. Three basic requirements were involved in the surrogate derivations: 

(1) the equation had to be derived using variables that were both available 

from the emissions and meteorological inventories and that were amenable to 

;1 ., 
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manipulation in the geographic information system, (2) the model had to be 

capable of empirical parameterization via linear regression, and (3) the 

model, to the maximum extent possible, should reflect the concepts of 

accepted air pollution meteorology. Simultaneously accommodating these 

constraints involved making several assumptions and adjustments to the 

solution strategy. Those basic assumptions are discussed below. 

OBSERVATION TUlE PERIOD BASIS. The dependent variable in the equation is the 

mean 24-hour pollutant concentration observed at the various stations. These 

data were obtained from the State's hi-vol network shown on page 20. 

These data are believed to be of excellent quality and were used as is. 

However, this daily periodicity defines the base time unit for the dependent 

variables. 

ADEQUACY OF EMISSION DATA. This represents what could be called the weakest data 

base in the procedure. Only single observations were available for many of 

the sources. Quarterly, self-reported, emission rates were available for 

some smelter.sources, but the reliability of the~e data is unknown. These 

estimates were reduced to 24-hour emission rates. It is suspected that many 

of these sources can vary more than an order of magnitude on a daily basiS, 

especially when malfunctions and upsets are considered. Two elements of 

strategy were developed to deal with this deficiency. The first mitigative 

factor was to introduce on-off criteria as described in the parent document. 

~lany sources were known to be inoperative on oarticular days for either 

operations or meteorological reasons. Zero emission rates were aSSigned to 

the appropriate sources for these days. The second mitigative element 
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concerns the basic philosophy of the entire project. The source contriblJ­

tions and rollbacks eventually developed are discussed in relative rather 

than absolute terms. Pseudo-dummy variable analysis, as described by 

Draper and Smith, is uti] i zed throughout. Thi s techni que is especi ally 

useful in determining the relative significance of different variables in 

regression analysis. 

Source estimates were eventually grouped into eight categories for 

final analySiS. The grouping was based on the spatial configuration of the 

sources. The basic assumption is ,that significant particulate lead sources 

emanate from eight predominant locations in the valley. By appropriately 

characterizing the emissions (by rate estimates and on-off criteria) and 

the atmosphere (by wind and stability indices), relative contributions .could 

be ascertained by regression analysis. 

THE VIEWFIELD ASSUt·IPTION. Downwind concentration dilution in the traditional 

Gaussian formula is inversely proportional to the wind speed. Doubling the 

wind speed doubles the space between particles and halves observed concen­

trations. However, this assumes a constant wind direction and saeed. In 

the Silver Val1~,y wind direction and speed change continuously and usually 

reverse themselves daily in association with the mountain-valley drainage 

phenomenon. In order to compensate for this difficulty in the daily time 

basis, two wind flow directions were assumed in conjunction with the mountain­

va 11 ey d,oai nage phenomenon. Up-va lley and down-va 11 ey wi nds were defi ned. 

The mean daily wind speed, direction, duration, and standard deviation in 

wind direction were calculated for each flow. Each receptor's face was 

turned into the wind and its upstream "view" was considered. This is the 
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VIEWFIELD assumption. How many sources a receptor can see depends on its 

"viewfield" or a narrow upwind sector that contains those sources that could 

possibly impact that receptor. The depth of view depends on wind speed and 

duration of the wind flow from that direction. The width of the sector 

depends on the variation in wind direction. An expression was derived to 

express the number of hours per day that a receptor was exposed to a source 

and the assumption was:made that the downwind component of dilution was pro­

portional to that duration of exposure and inversely proportional to wind 

speed and the width of the view-sector. These terms are all calculable in 

the geographic information system and could be easily accomplished for each 

receptor locatjon. In this way, both a proportioning factor and an addi­

ti ana 1 ~n-off criteri a were developed. If, because of wi nd speed or di rec­

tion, a receptor is not exposed to a source during the day the exposure 

reduces to zero. If the wind blows consistently all day from source to 

receptor the downwind dilution becomes the l/u term in the traditional 

equation. This variable is not meant to simulate wind flow in the valley. 

It i~ an index meant to represent downwind dilution from sources in the up­

and down-vaney directions and is designed for usc in ~ regression equation. 

THE ST.ASIUTY ASSU~'PTION. The surrogate term for the _1_ term in the 
GyGz 

Gaussian·mode1 equation was designed so that the Gifford-Pasqui11 form of 

these variables could be recovered from the eventual regression coefficients. 

First the traditional form of the Gifford-Pasquill plots were derived in a 

system of linear equations developed through logarithmic transformations. 

It I .. as then assumed that the linear coefficients for this system were a 

functior, of atmospheric stability and would be specific for this situation. 
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Next the potential temperature gradient at Spokane International Airport 

was selected as the daily indicator of atmospheric stability. This has been 

found, through the Company's SCS, to be the most appropriate stability index 

available. It was then assumed that the linear coefficients were first 

degree functions of the potential temperature gradient. This assumption 

is consistent with the form of the Gifford-Pasquill charts and results in a 

conven; ent form of the express; on for both pa rameteri zati on and geographi c 

manipulation. 

2 
THE PLUME MEANDER ASSUMPTION. The tent) exp(~) in the Gaussian plume 

2cry 
analogy represents the dilution effect of being remote from the mean wind 

vector. In the Gaussian formulation, a uniform wind direction is assumed 

and the degree of lateral dilution is a function of atmospheric stability. 

In the Silver Valley, wind direction fluctuates continuously and straight 

line' flow is not expected. Thus, it was assumed that exposure reductions 

associated with being remote from the ~ean wind vector are more a function 

of variation in the mean wind vector than of the stability criteria per se. 

Two lines of reasoning justify this assumption. The variation in the mean 

\~ind I:ctor (plume meander) is likely a function of stabi lity itself. And 

the maintenance of a crosswind Gaussian distribution ir. the Silver Valley is 

unlikely. Plume meander, when considered on a daily basis, would predom~ 

inate any such distribution. As a result the standard deviation in wind 

direction was selected as a measure of crosswind remoteness and dilution was 

assumed to be a function of the number of standard deviations a receptor was 

from the mean wind vector. 
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THE VERTICAL DISTRIBUTION ASSUf4PTION. Differe:ntial plume rise, par'ticulate 

settling, and plume depletion are all ignored in this model. A constant 

plume rise and constant plume elevation are assumed. The main reason for 

ignoring differential plume rise was the insufficiency of the data base for 

developing appropriate variables. In order to account for plume rise, an 

equat'ion utilizing the atmospheric surface temperature and wind velocity 

vlould have to be included in the source height factor. These measurements 

are used in other independent variables in the modeling equation, Including 

them in another term would increase tne possibility of undesirable effects 

associated with inter-variable correlation. 110reover', from a practical point 

of view, these are low temperature plumes and only a single morning surface 

temperature was av~iiable. The benefit of using that Single observation in 

predicting an effective daily plume rise was considered not worth the con-

founding effects of adding a possibly redundant variable. Considering plume 

depletion, no data were available for developing settling estimates. Making 

unnecessary assumptions in the development of regression variables~hculrl be 

avoided. Practically. plume depletion must be significant with respect to 

certain sources. Fugitive sources in particular contain large particle 

emissions subject to considerable fallout. Point sources, on the other 

hand, are fine particle emissions that may approximate gaseous behavior. As 

explained later, cadmium emissions are used to parameterize the basic source 

receptor mode~. Cadmium emissions are predominantly fine particulate. Ig­

nrring settling phenomena js, likely, permissible in defining paramete~s for 

the model. Later, \'Jhen developing source estimates for lead and particulates, 

depletion from fugitive sources must be considered important. However, in 

the division of source categories, active and passive sources appear in 

, 
• 
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separate independent vari ab 1 es. "hen 1 i near regress i on ana lyses are app 1 i ed 

to those variables it can be inherently assumed that some constant amount of 

plume depletion is accounted for in assigning the regression coefficients. 

In practical terms. the assumption is that a particular percentage of fugi­

tive emissions fal'! out between the source and nearest receptor and that 

gaseous behavior is observed beyond. This assumption is adequate for the 

empirical format of the study. 

THE EMPIRICAL l·lODIFIEP,S. The Bunker Hill Company meteorologists operating 

the Supp 1 ementary Control System (SCS) have long recogni zed those di ffi'cu 1 t 

meteorological factors discussed earlier in this section. They have. 

through years of experience. developed semi-quantitative inciices to represent 

the onset of certain meteorological and operational conditions. For the most 

part. these vari ab 1 es i dentif;: the onset of non-routi ne condi ti ons where 

"normal" assumptions do not apply. As such they are quite approprjattl for 

use in regression analysis as dummy variables to account fo:- the effects of 

special conditions where the base model may not apply. These vuriables were 

transformed to act as empirical modifiers in the regression analyses. De­

tails of the variables and transformations can be found in the parent docu­

ment, 

5.2.3 Finding the Model Parameters. The model was aSSigned parameters 

through a stepwise regression procedure that forced inclusion of the vari­

ables developed as the initial surrogate model. The several empirical 

mcdifiers developed from the SCS were also offered for forward selection. 

There are several assumptions inherent to regression analysis that are not 
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necessary to include. However, there are two assumptions made in solving the 

regression equation that are important to discuss here. 

The first is the use of cadmium data to find the model parameters. The 

number of sources and the difficulties with defining configurations make it 

impossible to solve the model ing equation for lead or total particulates. 

Cadmuimemissions, however, seem to predominatly arise from within the lead 

smelter or, more to the point, from the same geographic location. This 

considerably reduces the complexity of the model ins' equation for cadmuim. 

Because cadmuim emissions do emanate from three distinct source heights, one 

unknown function still precludes solution of the equation. An assumptive 

constraint has to be adJed to the regression matrix. That constraint was 

developed by assuming that the ratio between o,y and oz at neutral stabil Hies 

at 0.1 miles from the source will be the same as the ratio found under there 

conditions in the traditiona 1 Gifford-Pasqui 11 charts. 

5.3 THE IMPORTANT SYSTEM VARIABLES 

Using these two assumptions, the equation was solved and the selected 

model is shown below. An extensive discussion of the results .is found il' von 

L indern(l98Db). 

The regression statistics for this model indicate that pollutant 

dispersion can be successfully quantified by this model form. Seventy-three 

percent of the variablity in observed concentrations is explained at strong 

significance levels. The initial model seems particularly strong (R2 = 

.71 at p .0001). This is especially encouraging considering the 

difficulties with cadmuim source estimates discussed earlier. 



Table 5.1 Regression Statistics for Selected Stepwise Hodel 

Stop 

0 
1 
2 
3 
4 
5 

Source 

INTERCEPT 
LNVUr 
POTEHI' 
LUX 
POTEH,PIIILNX 
HSDSQ 
HD50LHl 
RECUR 
BFDO\lN 
H036 
1115 

lnltlal Hodel: DEPZ .. 130 + &32 LNVWF + B]POTEHP + P41nX +- 6 S POTEttlnX + 6 6 HSDSQ 

Hodel Statlotico by Step 

Variable SUD of P-Kodel (f>F) 
Added Square. Hodel 

(Initl81 Hodel) 1149.4 67].](.0001) 
HD50LHX 7836.9 583.]( .0001) 
REGVAR 7670.1 507.](.0001) 
BFOOWH 7892.5 448.2(.0001) 
HD36 79i4.2 402.1(.0001) 
illS 79)0.8 364.4(.0001)_ 

Tot81 S5 - 10811.5 

r.r •• oter 
Eatl.ate 

2. 31 
.17 
.65 

1. 51 
.15 

-.04 
.16 
.20 
.75 

2.06 
.084 

Parameter Statiatica on Final Step 

Sura of 
Squares 

(SAS Typo II) 
11.0 

1511. 5 
1999.4 

898.2 
91. 8 
33.0 
33.2 
40.9 
25.4 
16.5 

F (P>4) 

14.2(.0002) 
694.S/ .0001) 
918.7(.0001) 
412.7(.0001) 
\?2(.0001) 
15.2(.0001) 
15.3(.0001) 
18.8(.0001) 
11.7(.0006) 
7.6(.006)-

F-Varlab 1. R:I: Hodel 
on Ent.ry (P>F) 

(all .0001) .HZ 
39 .O( .0001) .720 
15 .O( .0001) .724 
10.2(.0015) .726-
10.OC .0016) .728 
7.6(.0~59) .729 

--------~---------------------------------------------------------------------~-----------
SS (Hodel) 
SS (Error) 
SS (Total) 

7930. 8 
2446.7 

10877.S-

F-Hodel ... 36.4 
al Hodol - .129 

----~--------~----------------
* variable descriptions can b.e found in Table 5.3 

.. 

<.n 
w 

I 

I 
'I, 



Table 5.2 

Source 

LNVWF 
POTEKP 
LNX 
POTEMP*LNX 
NSDSQ 
BFDOWN 
KD36 
KDSOLNX 
lollS 
REGVAR 

Model 
Error 
To tal 

Regression Statistics for Final Logarithmic 
Model . 

DEPZ • BO + SZLNVWF + S3POTEMP + S4LNX 

+ BSPOTEMP*LNX + S6NSDSQ + S7BFDOWN 

+ SSMD36 + S9MD50LNX + B10 W15 + S11REGVAR 

DF 

1 
·1 

1 
1 
1 
1 
1 
1 
1 
1 

10 
142 S 
1438 

Sum of Squares 
(SAS TyPe 

40.4 
1327.9 
2016.8 

784.4 
80. 7 
23.4 
18.4 
22.2 
17.4 
36.4 

749.9.4 
2631. 0 

10130.4 

I V) 
F-Value (P R> F) 

22.0(.0001) 
720;3 (.0001) 

1094.6 (.0001) 
425.7(.0001) 

43.8(.0001) 
13. a (. 0003) 
10.0(.0016) 
12.0(.0005) 

9.4(.0022) 
19.8(.0001) 

407.0(.0001) 

R2 • .740 

-----------------------------------~--------------------------

Parameter Estimate T-Value (PR>T) Std. Error 
--------------------------------------------------------------

80 2 .26 6.50(.0001) .347 
82 .192 4.69(.0001) .040 
6 3 -.612 -6.62(.0001) .023 
64 -1. 48 -26.85(.0001) .045 
85 .138 -33.q8(.0001) .007 

86 -.039 -6.02(.0001) .006 
87 -.569 -3.61(.0003) .157 
B8 1. 75 3.16(.0016) .554 
B9 -.124 -3.47(.0005) .036 

81 0 .085 3.07(.0022) .027 

Bll .205 4.45(.0001) .046 

" variable descriptions can be found in Table 5.3 

o 

; 
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As in von Lindern (l980b) the best way to discuss these model results is in 

tenns of the regression coefficients. Parts of those discussions are in-

c 1 uded here. 

Ten variables were seiected as important in predicting observed 

cadmium levels. The first five variables comprise the initial surrogate 

model. Five of the empirical modifiers offered were found to be significant. 

Bri efly, they are: 

BFDOWN--the on-off indicator of blast furnace operation. 

MD36--an on-off indicator of the most severe limitatiorl in mixing depth. 

MD50LNX--the on-off variable for situation of uninhibited mixing depth 
ti.mes the logarithm of distance. 

WlS--an indicator of suppressed wind speeds in the middle atmospheric 
layers of the valley. 

REGVAR--the severity code "indicating adverse dispersal conditions asso­
ciated with pe~uliar synoptic situations. 

The model as taken from von Li ndern (198I)b) is as fo 11 ows : 

+ 135 LNX + 86 POTE1~P * UIX + 87 BFDOlm + 13 8 MD36 

+ 89 MD50LNX + 13 10 in 5 + 811 REGVAR 

Tha parameters, their associated independent variable, and the 

" parameter values "are shown in Table 5.3. 

; 
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Table 5.3 Parameter Values for the Logarithmic Model 

===================================== 
Parameter Independent Factor ·Parameter Value 

Variable Description 

60 Intercept Initial dispersion 2.26 

Bl 

62 

63 

B4 

B5 

B6 

67 

B8 

B9 

* 

In(QHF) Source height function 1. 00 

In(VWF) Receptor View function .192 

NSDSQ Lateral position factor -.039 

POTEMP (Stability ) -.612 
( ) 

LNX ( and ) -1. 48 
( ) 

POTEMP*LNX (distance factors) .138 

nFDOWN Operations factoi -.569 

MDJ6 Limited mixing depth factor 1.75 

MD50LNX 

W15 

REGVAR 

Uninhibited mixing depth 
factor 

Inhibited mid-level winds 
factor 

Severe synoptic factor 

-.124 

.085 

.204 

for a detailed desc'ription and derivation of ·these variables 
please see von Lindern 1980b 

. t 
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These parameters and associated variables can be grouped for discus­

sion relative to their contribution to quantifying pollutant dispersion in 

this valley. 

SO' S4' 85, and S6 are the dispersion parameter's for the plume centerline 

dilution effect associated with the mean wind as derived from the 

tradi ti ona 1 Gauss i an form. These pa rameters .were used to deri ve the 

familiar 0y-OZ plots of Gifford (1961) and direct comparisons of the 

dispersal conditions in this situation are made relative to the 

standard modeling assumptions. 

81 is the unit coefficient for lnQHF or the source strength-source 

height term. ihis term reflects the initial source strength reduced 

by a factor dependent on the relative source-receptor height. The 

latter is developed from the same basic component parameters as 

80, S4' 85, and 86 above. 

62 and 83 are associated with the terms In(VWF)andNSDSQ. These two 

vari ab 1 es, as they were deve loped, serve to miti 9a te the standard 

mode 1 predi cti ons with respect to the topographi ca 11y induced wi nd 

conditions. VWF is an exposure factor that accounts for the reduced 

receptor "view" of the source associated with UD- an.d down-valley 

wind shifts. NSDSQ is as>ociated with the lateral variance in the 

mean wind and accommodates reduced exposures associated with the 

cross-valley wind shifts. In the form offered in the modeling 

analysis, they become empirical modifiers of the more traditional 

dispersion equation char2cterized by the above parameters and 

variables. 

; 
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87 is the parameter for BFDO~IN and is a direct empirical modifier asso­

ciated with shutdown of the largest single cadmium source. The S 

estimate for this term is (-.569). ~vhen the blast furnace is down 

(BFDOWN = 1), the predicted effect is exp(-.569 * 1) = .57 times 

the model prediction. This suggests that when the blast furnace is 

nonoperative at least 16 hours per day, ambient cadmium levels are 

reducp.d 43:\;. 

S8 and 89 are associated with extreme mixing depths. 89 is the parameter 

for MD50LNX. This variable allQws for greater dispersion under 

uninhibited vertical dispersion conditions. Because a limited 

mixing depth associated with nocturnal inversion is the "norma 1" 

situation in th is vall ey , the s tanda rd diffusion parameters (SO' 84 , 

85 , 86) are ca 1 cul a ted under that ci rcumstance. The va 1 ue of B 9 is 

0.125. The sign.ificance of this variable is as foll ows: when 

mixing depth is great (i.e., MOSO = 1, t1D50LNX = In(x)) the value of 

the coefficient of In(x) or p + q = -(1.48 + .125) = -1.61. This is 

nearly the value supposed in the traditional Gifford-Pasquill form as 

discussed in von Lindern (1980b). This supports the idea that the 

"normal" situation in the Silver Valley has an.associated limit to 

vertical dispersion probably related to the surfate based nocturnal 

inversions. Uninhibited vertical dispersion is an "abnormal" situa­

tion. Similarly, when mixing depth is severely inhibited, an o~po­

site "abnormal" effect is present. The variable r~D36 has a value' 

of 1 when mixing depth is most shallow and 0 at other times.· The B 

value for this variable is 1. 75. This suggests that when the lowest 

level inversion structure exists, the model predictions are increaseD 



by exp(l. 75) = 5.75 times. This represents a severe condition 

treated here by a simple empirical modifier. 
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610 and 611 are empirical modifiers associated with special synoptic 

situations. S 10'\'115 accounts for reduced wind speeds in the mid-

1 eve 1 valley atmosphere. 611 is associ ated with REGVAR. an i ndi ca tor 

of severe synoptic conditions. The W15 variable has greatest 

effect when the mean wind value is less than l,mph. At that value 

the model estimate may be increased as much as exp(.08*5) = 1.5 

times. This situation implies extreme calm or shear in the midd','e 

atmospheric levels. REGVAR ,s a severity code associated with some 

peculiar synoptic conditions. Two conditions are especially 

important. They are the valley drainage wind (=3) and stagnation 

(=5) that are both associated with high pressure areas in the moun­

tain range vicinity. The former can increase model estimates by 

exp(3~.20) = 1.8 times and the latter by exp(5*.20) = 2.7 times. 

The strength of the initial model indicates that the mountain 'Ialley 

drainage phenomena dominate pollutant dispersion in the Silver Val1ey, The 

two mixing depth variables,selected in the stepwise process suggest that 

nocturnal inversions are also part of the "normal" dispers'jon picture for 

the va 11 ey. Four 1 eve 1 s of mi xi n9 depth wer"! offered in the stepwi se pro­

cedure., The non-significance of the two middle levels indicates that they 

are accounted for in the remainder of the model. In practical terms this 

means that the basic source-receptor model reflects a diurnal capoing in­

version between 3500 and 4800 feet. Special modifiers to the basic model 

are required only when greater or lesser mixing depths are present. 
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It also means that the dispersion parameters derived from the re­

gression coefficients for this situation reflect this diurnal phenomenon. 

Some important aspects of the montane air pollution meteorology for this 

area can be explained by compar'ing these derived dispersion coefficient 

estimates wi th the standard Gi ff,0rd-Pasqui 11 parameters. 

Figures 5.1 a and b show the derived dispersion parameters for this 

situation plotted a's solid lines. The dotted lines are the corresponding 

plots taken from the subroutine distributed by EPA (1976b) to estimate 

Gifford-Pasquill dispersion parameters. (The units have been converted as 

indicated in the axes labels.) 

In discussing the differences in these two sets of curves, it is 

important to remember that the standard curves represent the expected 

standard deviations in the horizontal and vertical distributions of pollu­

tants cllculated for different stability criteria and downwind distances. 

Both sets assume a normal distribution around a plume centerline defined by 

the mean wind vector and have been developed from field observations over 

flat terrain for relatively short averaging periods «30 min). 

The curves offered in this study are derived in a totally different 

manner. The Gaussian form is present, but much modified in an effort to 

accorrrnodate the majority of wi nd f1 uctuati ons in the NSDSQ and VWF terms. 

These two terms account for, respectively, the daily cross-valley variation 

in wind direction a nd the variation in wind speed and flow up and down the 

va 11 ey. In a sense they norma 1 i ze the di spers i on curves by accounti ng for 

the gross fl uctua t ions re 1 a ted to the 1 Dca 1 wi nd phenomena. 

The dependent var.iable in thi5 model development was a twenty-four 

hour average. As a result, all independent variables were constructed on a 
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Figure 5.l.~ Comparison of Standard and Derived 

Horizontal Dispersion Parameter Estimates 
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Figure S.lb Comparison of Standard and Derived 

Vertical Dispersion Parameter Estimates 
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twenty-four hour basis. This represented no great inconvenience because the 

mountain-valley drainage wind is a diurnal phenomenon. However, it is not 

obvious what the 0y and 0z terms in the above derivations and charts reore­

sent. Examination of Table 5.2 shows that a certain amount of the variance 

in pol1l!tant concentrations is explained by the gross wind variation terms, 

NSDSQ and VWF. Other empi ri ca 1 factors re 1 a ted to operat.i ons and "abnorma 1" 

meteorology explain a small percentage. However, the greatest portion of 

the sums of squares is explained in the three terms from which the 0y and 0z 

charts are derived. Those terms most likely represent the downwind pollutant 

distribution for the component wind period, averaged over twenty-four hours. 

The component averaging period is the one-hour mean wind. It is suspected 

that the 0y and 0z values derived are the expected standard deviations in 

downwind pollutant concentrations for one hour for a given stabil ity cate­

gory. However, that value necessarily reflects an average for all the hours 

of the day. This is a most import&nt point to remember in discussing the 

diffet"ences in these and the standard curves. 

Turner (1979) pointed out that any modeling effort has to consider 

the pertinent averaging period with respect to both the prevalent meteoro­

logical phenomena and the ambient standard in question. The same logic pre­

vails here. These charts and the other significant model variables can 

illustrate many of the difficulties encountered in applying Gaussian form 

models to complex terrain, provided the pertinent averaging time is con-

sidered. 

There are three obvious differences in the form of these two sets 

of curves. The first difference is that the estimates are similar for 

unstable conditions but considerably less dilution occurs as neutral 



· . 

conditions are approached, and that effect is exacerbated toward stable 

conditions. The second inconsistency is that the slopes of the curves in 

the horizontal dispersion chart are notably less than their standard counter­

parts. The third difference is that under very stable conditions a nearly 

uniform distribution in the vertical with downwind dist9nce is predicted in 

this study's 0z chart. 

The mitigation of terrain effects under unstable conditions has been 

noted by several researchers (Hinds, 1970; Fosberg et al., 1976; Reid, 1979). 

It is likely that when unstable conditions prevail, no capping phenomena are 

present and uninhibited vertical dispersion would persist. Similarly, the 

tendency to develop calm and stable layers aloft is reduced over the twenty­

four hour period. As a result, the only inhibition to normal diffusion 

present would be terrain channeling. Under unstable conditions terrain 

channeling would likely exercise its influence in the horizontal, but not 

for some distance downwind. The effect of terrain channeling on the hori­

zontal dispersion parameter may be seen in the reduced slopes noted above. 

Other complex terrain researchers have made similar findings as reviewed by 

f4iller (1979). However, the result in these cases is usually curved 0y lines 

starting out at or near standard slopes and decreasing in slope with distance. 

This is, perhaps, a more appropriate form than that presented in this study, 

as the effect of terrain channeling would become more pronounced with plume 

growth ~elative to the valley width. Unfortunately, this model form can 

only accommodate straight lines in the horizontal. 

Essentially the mitigative effects of instability on complex terrain 

dispersion may be accounted for in the absence of those phenomena that pro­

duce the confounding situations. As neutral conditions are approached the 
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nocturnal inversion and drainage wind phenomena become routine. Over a 

twenty-four hour period, a considerable period of time is spent under an 

inverted temperature structure, downslope winds develop, and at least two 

directional changes in valley flow occur. In addition, during inversion 

breakup a double dosage of pollutants can occur. As stable conditions 

develop these phenomena become more intense with increased duration. These 

hours or, more appropriately, the dispersion observed in these hours is 

included in the "aver"age" that produces the above charts. 

As very stable situations are encountered, calm conditions, intense 

inversions aloft. and severe limitations in mixing depth are likely. ~lost 

air quality models of the Gaussian form have recognized that, under limited 

mixing depths, uniform vertical distribution may develop some distance down­

wind. Th~t observation may be seen i~ the Oz curves at stable conditions. 

Several researchers have noted that it is stable conditions that are 

difficult to simulate in complex terrain situations. In this case, the fre­

quency and duration of particular phenomena (that become more frequent as 

stability increases) are ultimately responsible. It seems that with the 

inclusion of mitigating or normalizing variables that account for those 

phenomena, and with proper consi dera ti on of the averagi ng peri od, the compl ex 

terrain situation may be discussed in an empirical Gaussian format. 

5.4 APPLYING THE BASIC SOURCE RECEPTOR RELATIONSHIP 

5.4.1 Methodology. Thus far, the modeling procedure has concentrated on 

defining the basic relationship betlveen a receptor and a source. Having 

developed a satisfactory model, the next step was to apply it to all the 

source-receptor combinations in the valley. In practice this was a 

.-



mammoth task. However, it was greatly facilitated by employing the Geo­

graphic Information System. The details of this application are complex 

and can be found in von L indern (l980b). 
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As the relationship was applied to each source, the impact estimates 

were accumulated by source category at each of the valley's nine monitoring 

1 ocad ons. These ca tegori ca 1 esti ma tes were then regressed agai nst observed 

ambi ent ~oncentra ti ons. Thi s was accompli shed for each day of the two-year 

study and done simultaneously for lead, cadmium, and TSP. The result is a 

calibrated model that reflects the most significant particulate sources and 

weights the relative impacts of the various categories. This, again, was an 

exhaustive and complex procedure that is detailed in ,von Lindern (1980b). 

Over 4300 observations were analyzed. The regression statistics are shown 

below. 

The eight source categories are SMLOWEST (low-level smelter sources), 

SMMIDEST (mid-level smelter sources), SMHIEST (smelter tall stack), ZPLOHEST 

(zinc plant tall stack), AMP (al11l1onium phosphate plant), ACTEST (active 

fugitive sources), and PASEST (passive fugitive sources). They are described 

in detail in von Lindern (1980b) and the emissions inventory section of this 

report. Four of these source categories were found to be Significant in 

predicting particulate concentrations in the Silvery Valley. They are low­

and mid-level smelter sources, and both active and passive fugitlve sources. 

The other source categories likely do contribute, but are insignificant in 

magnitude when combined with these sources. Final prediction statistics can 

be found in Tables 5.4<1 and b. BKGROUND refers to TSP background levels 

(BKGROUND = 0 for lead a~d cadmium). 

; 
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Table S.4a Regression Statistics for the Model: 

Source 

SMLOWEST 
SMMIDEST 
SMHIHEST 
ZPLOWEST 
ZPHIHEST 
AMP 
PASEST 
ACTEST 
BKGROUND 

TPOL • SlSMLOWEST +8 2SMMIDEST + B3SMHIHEST 

+ 84ZPLOWEST + S5ZPHIHEST + 86AMP 

DF 

1 
1 
1 
1 
1 
1 
1 
1 
1 

+ B7PASEST + 88ACTEST + B9BKGROUND 

Sum of Squares 
(SAS Type IV) 

13 69 6 3 
27801 

696 
971 
993 

1196 
52130 

5246 
576519 

F-Va1ue (PR>F) 

379.9(.0001) 
77.1 (.0001) 
1. 9 (..1646) 
2.7(.1008) 
2.8(.0970) 
3.3(.0685) 

144.6(.0001) 
1 •. 6(.0001) 

1598.9(.1646) 
--------------------------------------------------------------
Model 
Error 
Io tal 

3771996 
1527706 
5299703 

1162 •• (.0001) 

R2 • .712 

------------~-------------------------------------------------

Parameter 

61 
62 
63 
13 4 
6 5 
6 6 6 7 
6 8 
8

9 

TPOL 
S~lLOWEST 
Sr'iMIDEST 
SMHIHEST 
ZPLOWEST 
ZPHIHEST 
Al-lP 
PAS EST 
ACTEST 
BKGROUND 

Estimate T-Value (PpIII) S td. Error 

.423 19.5(.0001) 
4.62 8.8(.0001) 

27. -1. 4 (.16"6) 
2 7 • 8 -1. 6 (.1008) 

-109.1 -1.7(.0970) 
-7.16 -1.8(.0685) 
19.9 12.0 (. 0001) 

9.28 3.8(.0001) 
35.5 40.0(.0001) 

Total ambient particulate concentration 
Low-level smelter sources estimated ambient impact 
Mid-level smelter sources estimated ambient impact 
Smelter tall stack estimated impa<:t 
Low-level zinc plant sources estimated impect 
Zinc plant tall stack estimated lmpa-:t 
Ammonium phosphate plant ~stimated impact 
Passive fugitive sources estimated impact 
Active fugitive sources estimated impact 
TSP estimated background concentration 

.021 

.53 
5.1. 

17.0 
6 5 • 7 

3.93. 
2. 43 
1. 65 

.887 

• 
I 

,I 
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Table 5.4b. Regression Statistics for the Final Relative 

Source Impact Model: 

Source 

SMLOWEST 
SMMIDEST 
PASES! 
ACTES! 
BKGROUND 

Model 
Error 
!oeal 

TPOL· SlSMLOWEST + SZSMMIDEST + S3PASEST 

+ 64ACTEST + S5BKGROP~: 

DF 

1 
1. 
1 
1 
1 

5 
4310 
4315 

Sum of Squares 
(SAS Type 

144129 
33016 
45310 

7458 
774061 

3793243 
1545150 
5338393 

IV) 
F-Va1ue (PR>lO 

402. (.0001) 
92.(.0001) 

126. (,000l) 
21. (.0001) 

2159.(.0001) 

2116. (.0001) 

R2 ~ .711 
--------------------------------------------------------------
Parameeer Estimate I-Value (PR>j!j) Std. Error 

Sl .423 20.1 (. 0001) .021 
62 4 .2.0 9.6(.0001) .437 
83 17.9 11.2(.000l) 1.59 
84 10.9 4.6(.0001) 2.39 
1-) 5 35.2 46.5(.0001) .757 
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This model in Table S.4b was used to predict ambient concentrations 

for each quarter in the study period. Those predictions can be found in 

Appendix D and a quarterly sUJIIr.ary is presented in Table 5.5. Those pre­

dictions are used to evaluate relative source contributions to ambient lead 

concentrations and to estimate required source reductions for achieving the 

NAAQS. The individual source results and a "residuals" analysis can be 

found in von Lindern (l980b). An observed/predi cted concentrati ons sUl1iTla ry 

foll ows. 

Model predictions for qual·terly lead means range from .26 to 7.2 

).Ig/m3 over the enti re study area. Actual obsel'ved concentrations range from 

3 .25 to 12.5 ).Ig/m. These results are SUirmarized in Table 5.5 along with the 

ratio of predicted to observed values. This ratio on an annual basis con-

sistently falls between .5 and 2.0 (a kind of unofficial measure of model 

quality). t4creover. on a quarterly basis the model does well in predicting 

means for most or the stations. This is especially true in consideration , 

of the range of values and the fact that predi cti ons are based on quarterly 

mean emi S5 i'ons averages. 

However. the model does characteristically underpredict in certain 

situations. The most important are those where a few extremely high indivi­

dua 1 readi ngs i nfl a te the observed ITltian. Many 0 f these out 1 yi 119 va 1 ues ~o 

not seem to be meteorologically based, but do occur at different stations on 

the same day and always downwind from the smelter. It is most likely that 

these extreme 'values are the result of severe emissions excursions at the 

smelter. It is important to note that the model does not effectively pre­

dict the impact these days have on the quarterly means. This is important 

both in terms of uti 1 i zi ng the model output and developing an attainment 

; 
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strategy. The effect of thee days is great enough that they deserve 

special treatment in attainment considerations; and they are seperately 

discussed in the next section. What is important to remember, at this 

point, is that the model predictions are based on average emission rates. 

The resultant predictions are then "average predictions" and any attain­

ment strategy based on the m9del applies reductions to average emission 

rates. These ,'educt ions will not quaranteee compliance with the ambient 

standard in and of themselves, Simultaneous control of the severe excur­

sions must be accomplished as well. 

5,4.2 Model Results by Source Cateqory. There is little effect of stack 

height associated with low-level smelter emissions. As a result they 

exert their predominant effect close to the smelter and decrease rapidly 

with distance. Mid-level sources, on the other hand, have little effect 

within one-half mne of the smelter. As distance increased the relative 

impact of the mid-level sources increases markedly. Fi gure 5.2 shows the 

relative impact of low and mid-level sources, by stati(j~, on an annual 

basis. Figure 5.3 shows the actual estimate components at each station on 

an annual basis. 

Active sources exert small effects on estimates at several stations. 

They seem to be important, 'in terms of attainment strategy, only during 

summer quarters at S i1 ver King Schoo I, Ke 11 egg Medi c a I Center, :wd 

Smelterville. At these locations the active impacts can bp. traced to 

transportation activities around the smelter and McKinley Avenue area, and 

sinter product handling in areas peripheral to the smelter. 

Passive sources exert significant impact at several monitors. In 

terms of percentage impact, Cataldo is most affected as a result of high 

lead alluvium depOSited across the flood plain and the Mission Flats. 

; 
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In concert with other sources, however, consideration of the passive 

sources is most important at Silver King School, Smelterville, and Kellogg 

r~edical Center. 80th Smelterville and Silver King are surrounded by 

numerous high lead passive sources, especially in the immediate vicinity 

of the smelter. Kellogg Medical Center is exposed in the predominant wind 

direction to the airport area and the'massive tailings pond impoundment 

area. 

5.5 DISCUSSION OF MOOELING RESULTS 

Perhaps the most important way to discuss the model ing results is in 

terms of seasonal impacts of the different source categories. In analyz­

ing the basic source receptor relationship earlier, it was evident that 

certain meteorological conditions are critical in determining dispersal 

conditions and ombient concentrations in the Silver Valley. Because these 

condit ions vary with season and because the NAAQS is a quarterly standard 

this becomes an extremely important consideration. Table 5.6 shows the 

major components, critical season, and impact area and ambient impact 

estimate for eact. sifnificant source category. It is evident that the 

critical seasons for the several source categories do not. coincide. Low­

and mid- level smelter sources have their maximum impact under stable 

conditions exacerbated by light winds and high pressure synoptic pattern; 

that inhibit dispersion. These co~ditions prevail in the late fall and 

winter. Active fugitive sou~~, on the other hand, have their maximum 

impact under unstable conditions with light winds in the absence of 

moisture. This type of weather occurs in the spring and early summer. 

Finally, passive fugitive sources are active at neutral conditions with 

dry surface conditions and high winds. This weather occurs in the summer 

and early fall. 



Table 5.6 Source Categories' Critical Seasons and Impact Areas 

largest Critical Critical Maximum ambient 
Source Cil tegory component season impact estimate 

sources (quarter) area ~g Pb/m3 quarterly mean 

low-level smelter lurgi 50% Fa 11, wi rater < 1 mi. ~ 7.0 lJg/m3 

OrePrep 35% (4,1) S.il.ver Ki ng, 
~ SKS Sme ltervi 11 e 

Crushing 10% '" 

Mid-level smelter Blast furnace 55% llinter 2-4 mi. 
3 

~ 3.5 lJg/m 

Pellet dryer 25% (1) Ke 1I0gg, '" !(MC, KCH 

Building vents 10% Pinehurst '" 2.5 ~g/m3 PNIl 

Acti ve futiti ve Smelter roads Spring, summer < 1 mi. 3 
~ .6 \Jg!m SKS 

McKinley Avenue (2,3) NI'/ Ke Jl 099 ~ .4 \J9/m
3 

KHC 

Sinter handling Sil ver Ki ng " 

Passive fugitive Airport Sunrner. fa 11 < 1 mi. " .6 ~9/m3 SKS 

Smelter property (3,4) Smelterville, 
'" .4 IJg/m3 SHU Silver King, 

NW Kellogg ~ 

Fa i rgrounds- ~ . 75lJg/m" KMC 
lumberyard ..., 

en 



This situation has a temendous impact on any strategy developed to 

meet the NAAQS. Table 5.7 examines the model estimates for the several 
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non-attainment monitor locations. It can quickly be seen that the worst 

case situation for each of these locations occurs in the late fall and 

winter. Furether, it is evident that the impacts during this period are 

nearly exclusively due to low- and mid- level smelter sources. Active and 

passive fugitive sources are, for all practical purposes, absent during 

this season. 

There are some important conclusions that can be drawn at this 

po i n t: 

1. As the critical impact season for the non-attainment area occurs 
in the winter when active and passive sources are practically 
absent, the control strategy for this season must be aimed at the 
smelter sources. 

2. As the pr imary impact areas for low- and mi d- 1 eve 1 sme 1 ter 
sources do not coincide, both must be reduced significantly in 
meet i n9 the NMQS. . 

3. A significant questions remains as to the combined effect of 
smelter sources and passive and active fugitive sources in the 
summer months. Will the smelter source reductions required to 
meet the NAAQS in the winter be sufficient to guarantee the 
standard in the summer when combined .with the active and passive 
source contribut ions? This difficult questiun is addressed ,n 
the next Sectiun uf this repurt. 



Table 5.7 CrHica 1 Quarters and Princfpa I Sources for Non-AHa inment !Ionitors 

Maximum ambien~ Crltica 1 Component sources 
Location cone. 119 Pb/m season 

quarterly mean (quarter) Low-level Mid-level 

Pinehurst 3.1 119/m3 Winter .9 1J9/m 
3 

2.2 1J9/m3 

(I) (J 8%) (82%) 

Sme lteryi lle 4.2 1J9/m 
3 Winter 2.9 1J9/m 

3 
1.2 1J!l/m

3 

(J} (69%) (29%) 

SiJ ver Ki 119 7.2 1J9/m 
3 Fall 6.9 JJ9/m3 

~ 
• J IJg/m~ 

(4) (94%) ('1%) 

Ke 110g9 ' 3 ,,3 I~i nter 3 3 
o. 1J9,m . 2.6 JJ9/m 3.5 I-fg/m 

t·ledi ca 1 Center 
(I) (23%) (75%) 

Kellogg 6.0 1J9/m 3 Winter 2. I JJ9/m 
3 3.4 JJ9/m3 

City Hall 
(1) (24%) (76%) 

Ambient impact 
.. IX max. impact) 

Active Pass i ve 

0 0 

<.J IJg/m3 <. I pg/m 3 

( 1%) (l %) 

• 1 JJ9/m3 .1 IJq/1II
3 

(2%) (2% ) 

.1 I,g/m 3 
<. 1 P9/1113 

(1%) (1%) 

0 0 

- ~--

" " 
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6.0 STRATEGIES FOR ATTAINING THE NAAQS 

6.1 ATTAINMENT CURVES 

In this modeled representation. the primary sources of lead impact 

have been grouped into ~our categories. Even with this considerable simp1i-
, 

~ication, development of a sufficient attainment ,trategy will be difficult. 

Each of the four main source categories can make a -ignificant contribution 

to ambient levels when app1 ied to the 1.5 Ug/m3 proposed standard. t.1oreover. 

those meteorological situations that cause the greatest source impact for 

one category are nee necessarily the most significant in other categories. 

As a result. great care must be exercised in selecting the proper conditions 

under which to evaluate an attainment strategy. 

In order to determine those combinations of source reductions that 

will result in attainment of the 1.5 Ug/m3 standard. the concept of the 

"limiting ~ituation" must be introduced. The "limiting situation" is that 

period (quarter) and location (monitor) that requires the greatest source 

reduction to meet the proposed standard. The "limiting situation" for any 

source category is determined not only by the absolute magnitude of that 

source estimate, but also the relative magnitudes of the other source cate­

gories in that same period. 

Achi evi ng the proposed sta.ndard under the mo(~ led representati Ort 

requires that the following constraints be true under the "limiting situa­

tion" for each source. 



, . 

(1 - GLOiI ) * (SMlOWEST) + (1 - CMIO ) * (S~1mDEST) 

+ (1 - CpAS) * (PASEST) + (1 - CACT ) * (ACTEST) ~ 15. 

S~lLOWEST = quarterly impact estimate of low smelter sources 

SMMIDEST = quarterly impa~t estimate of mid smelter sources 

PASEST = quarterly impact estimate of passive sources 

ACTEST = quarterly impact estimate of active sources 

CLOW = fractional reduction of low smelt~r sources 

C~lID = fractional reduction of mid smelter sources 

CpAS = fractional reduction of passive sources 

CACT " fractional reductior. of active sources 

It follows that constraints for each source category can be 

developed as shown: 

(1 - CLOW)(SMLOWEST) ~ 1.5 - (1 - CMIO)(SMMIDEST) 

- (1 - CpAS)(PASEST) - (1 - CACT)(ACTEST) or 

C .... 1 ( 1.5) (1 C ) ~~.:.+. LOW' - (SMLOWESTT + - rm 

) (ACTEST) 
+ (1 - CpAS ) ..,.g~~ ..... 'I" (1 - CACT (SHLOWESTj and, 

79 
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( 1 C ) (SMMIDEST l (1 - C ') (PASEr l 
+ - ~lID {ACTESf.\ + . PAS TACit T 

These equations can be used to determine the required control for 

any source category by defining a control regime for the other three cate­

gor; es. G; ven a proposed control regime for three of the sources, the 

appropriate equation is solved for each of the monitors for each quarter in 

the study. _ The maximum value of C for the fourth source as determined by 

this method then represants the "limiting situation" for that control 

stl'ategy, If that max.imum value exceeds 1.0, then attainment of the ambient 

standard is impossible, and further controls must be imposed on at least one 

of the other sources. By i tera ti ng thi s process for a 11 interesting contro 1 

strategies under all possible situations, attainment curves can be developed 

that illustrate those combinations,of source reductions capable of achieving 

the proposed standard. 

A primary concern of this study has been to evaluate the "background" 

contribution to ambient lead levels at various locations in the valley a~d 

how those "background" contributions can-affect an attainment strategy for 

the area. First, a definition of background is in order. If "background" 

means lead levels in the absence of industrial activity, then they are 

probab ly best represented by pass ive source category. Act; ve sources, 
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a lthough they are aki tI to i ndustri a 1 acti vity, are not eas ily addressed in 

an attainment strategy. The primary active source contributors to lead 

levels are materials handling of smelter by-products and intermediates in 

'areas outside the smelter proper, and dusts raised by transportation actlv­

ities in the vicinity of the smelter. The exact regulatory mechanism to be 

employed in reduction of these sources is unclear. 

It is 1 i ke ly that the eventua 1 defi niti on of "background" wi 11 be the 

passive source contribution plus some fraction of the active source contribu­

tion. Figure 6.1 shows the results of solving the constraint equations for 

the limiting situations dssuming no control in passive sources ana 0, 25, 

50, 75, and 100% control of active sources. The abscissal and ordinal 

values on this graph indicate the minimum combinations of low- and mid-level 

source reductions required. For example, given no passive control and 50% 

active control, possible minimal control requirements are found along the 

50% line on the graph (e.g., lOW = 90, MID :' 84; lOW = 82 .• MID = 90). Com­

binations of low- and mid-level control above and to the right of the solu­

tion line will achieve the standard; those to the left and below the line 

wi 11 not. 

The vertical line in Figure 6.1 shows that no matter how much contl"Ol 

is exercised in the active and mid-level source ~ltegories. at least 80% 

low-level control is necessary. This is figured assuming no passive con­

trol. However, even if 100% passive control is assumed, solving the CLaW 

equation for the "limiting situation" yields a control require~nt of 78%. 

Thfl "limiting situation" in this case is the second quarter of 1978 at 

Silver King School. Knowing that at least 78% control of low-level sources 

wi 11 be required regardless of other source reductions, the constraint 

. , . 
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equations are solved assuming 80, 85, 90, 95, and 100% low-level control. 

One set of attainment curves was then deve:oped for each of these low-level 

control strategies. That family of curves is shown in Figures 6.2a through 

5.2e. In these figures mid-level control requirements are plotted against 

a supposed pass; ve source reduct; on; the 1 i nes themselves represent a con­

stant level of active source reduction. As with Figure 6.1, values above 

and to the right of a subject line will result in compliance; those to the 

1 eft and below wi 11 not. 

Any combination of source reductions in the four categories can be 

evaluated by these curves. For example, suppose no additional control on 

active or passive sources is contemplated, and 90% control of low-level 

sources is proposed. From Figure 6.2c, it is determined that 91% control of 

mid-level sources will be necessary: Or suppose 50% "active and 25% passive 

control were feasible but only 80% low-level control were proposed. Under 

this proposal Figure 6~2a shows that 84% mid-level control would be required. 

6.2 EXTREME EXCURSIONS 

The inability of this model to predict extreme values at "all stations 

has been discussed. Although that inability is not thought to affect the 

relative impact calculations for mean emissions, these particular days must 

be considered in an attainment strategy because of their effect on the 

quarterly arithmetic means. These days were identified and examined sep­

arately. The results of that examination can be found in Table 6.1. The 

data for each extreme day were qualitatively examined and each day was 

aSSigned to one of five categories. Those categories were determined by 

four factors found common to several of these excurs1ons. The first 
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T 
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, !lAYS 
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SOH L () 
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~£A.~ Y 
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Table 6.1. Tabulation of Possible Causes for Extreme 

Air Quality Excursions 

STATION 
CAT kiN PHH sHiJ SKS~--WI OSB WAl 

0 0 1 1 Z 0 0 0 0 

2 3 7 1 6 4 J 2 2 

Z 0 I 2 4 2 

1 0 B 6 3 Z 0 

1 2 8 6 6 11 6 9 9 

4 5 25 24 21 \1 12 14 12 

11.4 20.9 163.4 369.8 485.1 233.1 211. 5 100.3 ~2. 1 

2.9 4.2 6.5 15.4 23.1 1l.1 11.2 7.2 ].5 

165 140 150 169 167 164 145 In 161 

14.7 16.1 213.1 80S.] 1093.3 659.6 614.2 222.0 111.6 

.45 .54 1.8 4.8 6.6 4.0 4.2 1.3 .7 

EAST WEst TOTAL 

0 6 ti 

II 25 36 

5 1 12 

4 16 22 

35 2. 56 

55 79 134 

567 1050.6 1626.2 

10.7 B.J 12. I 

642 791 14J3 

1607 2323 3930 

2.5 2.9 2.7 
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condition was several days of extreme readings during the strike of 1977, 

and the startup period follow"jng for which no meteorological data were 

recorded. The second factor included days of extreme atmospheric stability 

or stagnation. The third situation was severe synoptic drainage winds 

affectin~ stations to the west of the smelter, and the last included periods 

of low wind speeds in the middle atmospheric levels. No meteorological or , 

operational factor could be found to explain the extreme values on the 

remainder of the excursion days. 

Three of these factors are accounted for to some degree in the model. 

The stagnation and drainage wind regimes and low wind speeds in the middle 

atmospheric levels were empirical qualifiers in the regression equation. 

Passive source estimates predict significant impacts with drainage wind, and 

extreme stability is treated by nearly a constant dispersion parameter. 

These factors, however. do not predict as high an impact as was observed. 

Perhaps the remaining two categories can suggest why. During the strike 

the smelter was operated intermittently by salaried personnel and consider­

able construction of pollution control facilities was carried on by outside 

contractors. Following resolution of the labor difficulties',new pollution 

control facilities were in use. It may be possible that less than efficient 

operation was practiced during these periods resulting in exaggerated emis­

sion rates. Furthermore. those'days for which no meteorological explanation 

of the high values can be found are likely caused by abnormal emissions. 

Additional investigation of company operation records and upset reports may 

be worthwhile in establishing this point. 

The remainder of the discussion here will contend with the impact, 

rather than the cause, of these days. The top part of Table 6.1 shows the 
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number of extreme days in each category for each station, for each direction, 

and total tabulation. It can be noted that to the west of the smelter about 

8% of the severe days can be attributed to drainage winds, 32% to stagnation 

and extreme stabil i ty, 9% to low wind speeds, 23% to the stri ke/startup 

period, and 33% are unknown. In the easterly direction drainage winds have 

no effect as the monitors are upwind of the smelter. A simifar percentage 

of extremes were attributed to low wind speeds and extreme stabilities. The, 
. 

strike period, however. did not seem to affect eastern stations to the degree 

that occurred to the west. Thi; may be attributable to less than twenty-four 

operations of the smelter and the wind direction associated with the opera­

tion shift. The suspected cause of over 60% of the extreme concentrations 

east of the smelter is unknown. 

The lower part of Tab1e 6.1 shows the effect of these days on the 

total impact measured at each station. The number of extreme days at each 

IlI()nitor is shown together with the mean and total lead impact. These values 

are compared to those for all days. Thi s shows that, at non-attainment 

stations, from 8 to 17% of .the days acco,unt for 35 to 60% of the total im~act. 

These days have about 4 times more impact on the quarterly mean than does 

an average day. 

Any attainment strategy must consider these days and their extraor­

dinary impact. Deductive reasoning concludes that those severe excursions 

whose cause cannot be found in the meteorology are 1 ikely due to excess 

smelter emissions. These excess emissions are, in turn, likely due to 

upsets, malfunctions, and startup/shutdown conditions. Further work in this 

area and the-deve-ropment of an effective program for preventing or minimizing 

upsets 15 requisite to formulation of a viabl.e attainment strategy. 



92 

6.3 DISCUSSION 

There are numerous combinations of source reduction scenarios that 

will achieve the national standard according to results of this study. 

However, there are certain minimum requirements and generalizations that can 

be made. In order for any attainment strategy to be successfu;, the extreme 

excur,ions suspected resultant from process ,upsets, malfunctions, and 

startup/shutdowns must be addressed. Either additional studies should be 

undertaken to confirm the cause of these high concentrations, or a compre­

hensive program and accompanying regulation controlling these situations 

should be established. 

Given that severe excursions are successfully addressed, the attain­

ment curves can be used to ascertain further requirements. Under any circum­

stances at least 78~ reduction in low-level emissions will be necessary. 

Assuming an 85~ reduction inlow-level em1ssions, significant improve-

ments in ambient concentrations can be achieved by reducing the active and 

passive components. Remembering that Kellogg Medical Center is the limiting 

situation regarding passive and act-;ve sources. improvements in those sources 

affecting this monitor may be worthwhile. Those sources are sinter product 

handling outside the smelter, McKinley Avenue, t~e airport area, the fair­

grounds!1umberyard area, and the tailings pond embankment area. With signifi­

cant improvement in these areas and 85% reduction of low-level sources, per­

haps an 80 to 85% cont,i)l in mid-level sources would be necessary. 

Examination of Table 4.3 shows that blast furnace upsets are the 

dominant source in mid-level emissions. This same source is suspected as 

being the largest contributor to the startup-upset extreme excursions. If 

these upsets were eliminated, achievement of the standard would likely be 

much easier. 
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One additional point should be considered in developing an attainment 

strategy. All the attainment curves are based on at least a 78% low-level 

emission reduction required at Silver King School. \~ere the smelter owner 

to purchas~ all property between the Smelterville monitor and the plant, 

this requirement might be significantly reduced. 

All these factc.'s deserve consideration. However, in general, given 

the current conditi uns, meeti ng the nati ona 1 standard will requi re: 
, 

1. A comprehensive control program for upset, malfunctfon, and 
startup/shutdown situations. 

2. Eighty to 85% reduction in low-level and mid-level emission$ through 
elimination or rerouting discharges to the tall stack. 

3. Moderate effort to reduce active emission arising f('oill by-product 
handling outside the smelter, company roads, and McKinley Avenue. 

4. Stabilization, covering, or revegetation of bare soils' around 
Linfor Lumber, Smelterville fairgrounds, the airport, and the 
slIlE!lter tailings pond embankments. 



7.0 CONCURRENT CONSIDERATION OF NAAQS AND OSHA 

SOURCE REDUCTION STRATEGIES 

7.1 Data Quality and the Reliability of Results 
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There is considerable disparity in the quality of the data utilized 

in the several preceding elements of this study. The environmental data 

(i.e. weather, air contamination, soil lead content etc.) are of excellent 

quality for this type of analysis. As a result great confidence can be 

placed in those conclusions regarding the ml~teorological factors that 

infltienc:e this air pollution problem. Those \~~ather conditions that have 

the mo:;t severe impact hdve been identified and the seasonal effects have 

been characterized. The source categories' relative contributions have 

been quantified and their required percentage emission reductions have 

been estimated by meteorological analyses. In a corollary sense, those 

items that have been identified as being independent of meteorological 

considerations can be trusted. Specifically, the weight and importance of 

upsets and malfunctions in contributing to excess ambient leadconcentra­

tions cannot be discounted, 

On the other hand, the emissions data are relatively sparse and the 

emissions themselves are subject to considerable variation. Additionally, 

the source inventory developed in Section 4 spans a five-year period 

(1975-80) during Ithich considerable changes occurred in the emissions 

spectra. As a result the source inventory used in this study may not 

accurately reflect the facility's emissions characteristics at the time of 

its last operation. It was originally planned to use a new emissions 

inventory developed in 1981. However, because of several legal objections 

and the subsequent shutdown that survey was never released. 
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The problem of uncertain emissions measurements was recognized early 

in the model development. This was the primary reason for using the 

empirical approach of relating ambient readings to emissions estimates in 

a categorical inventory. In that way, the results could be expressed in 

percentages or relative terms whose confidence levels were based on 

meteorologically derived variables. As a result the attainment curves 

pre:;ented in Section 6 and those appearing in Section 7.3 can be relied 

upon to indicate the percentage reductions necessary to achieve NAAQS 

under the prescribed conditions. 

However, when'relating those requirements to the actual emissions 

inventoried in Table 4.3, considerably more uncel"tainty is introduced. If 

these attainment curves are indeed ever used in developing a compliance 

strategy, a new source inventory should be obtained. Because of t'le par­

ticular design of this study a new inventory could be accommodated with a 

minimum of effort. Unfortunately, in this ~nalysis the only available 

inventory must be used. For that reason and because of the smelter's 

uncertain future there is 1 ittle advantage in relying on other than the 

general conclusions of Chapter 6. 

Were the new source inventory available more intense modeling would 

be called for and more specific recommendations might be made. For 

example, with detailed operations data, specific reference could be made 

to New Source Performance Standards, Best Available Control Technology, 

and Economic Benefits Criteria. In the remainder of this section only 

general conclusions will be drawn as to the mutual benefits of simultan­

eous 1 y cons i del" i ng OSHA and NAAQS at th i s fac i lty. 
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7.2 Source Reductions Necessary to Meet Each Standard 

The problems discussed above do not diminish the reliance that can be 

placed on the conclusions that follow or detri'.ct from what might be learn­

ed regarding the feasibility of continued and compliant operation of this 

plant. The basic premise of this study is to use the Cartographic Model- . 

ing System to simultaneously evaluate community and occupational exposure 

from the lead smelter. The objective is to determine the degree to which 

these exposures have common sources and if there. is advantage in concur­

rently considering control strategies for OSHA and NMQS compliance. 

A fairly comprehensive understanding of the emissions reductions nec­

essary to meet both standards can be developed from this study and the 

Ra,dian report. The occupational aspects can be summarized in this context 

as follows: 

1. Compliance can or has been achieved in the majority of plant 

areas through the use of administrative procedures, change in 

work pl"actlce, or Installation of available engineering can" 

tro 1 s. 

2. Upsets, malfunctions, and uncontrolled fugitive emissions playa 

major role in excess occupational exposures. Given the current 

proce·sses employed at this facil ity, compl iance is impossible in 

two areas. They are the Highline area, due to routine uncontrol­

led- fugitive dusting, and the Blast -Furnace area, due to the 

blast furnace upset. 

Comp 1 I ance wi th the NMQS is cons i derab 1 y more camp 1 ex bec ause of the 

much smaller standard, the intense meteorological and terrain effects, and 

the number and behavior of sources within and outside of the complex cap­

able of affecting the commul1ity. However, the general conclusions of 

Chapter 6 can be restated here as being necessary to NAAQS compl iance. 
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1. Some active and passive fugitive dust control measures will have 

to be instituted outside of the complex. They likely will 

require el iminating the outdoor storage of sinter product, imple­

mentation of roadway sanitation practices, and stabilization of 

bare contaminated soils in key locations. 

2. Significant reduction in low-level and mid-level smelter emis­

sions will tie required. As will be discussed in the following 

sub-section, these reductions could vary from 60% to 100% in 

either category with a grouped average of between 80% and 85% 

being required. 

3. A comprehensive program for controlling excess emissions resul­

tant from upsets, malfunctions, and startup/shutdown procedures 

must be implemefited. 

The order of presentation here does not reflect a reordering of 

priorities from Section 6. Elimination of upsets is and remains the num­

ber one concern for th is f dC I i ty. The first item above is so listed 

because these measures wi 11 I ikely be required independent of act ions. 

taken inside the complex and are not of especial occupational concern. 

The last two items are pertinent to consideration of occupational com­

pliance and are discussed in detail in the next section as they apply to 

excess exposures both in the work place and the community. 

7.3 Modeling Analyses of Simultaneous Effects of Sources 

InsIde and Outside the Smelter 

It is clear from the previous discussion and the results of Section 6 

that meeting the NAAQS will require source reductions in each of the four 

source categories: Active fugitive sources, Passive fugitive sources, 

low-level and Mid-level smelter emissions. The last two of those 
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categories have impacts on occupational exposures oS well. In this sub­

section the Cartographic Modeling System is employed to examine what per­

centage of reduction options are feasible for these two categories. Two 

alternative scenarios are modeled. In both it is assumed that a 50% 

reduction has been achieved in each of the Active and Passive source con­

tributions. The first scenario considers the current real property con­

figuration. The second situation assumes that the smelter acquire all the 

land within one-mile of the smelters main stack, thus, extending the area 

immune from NAAQS requirements. 

The results are summarized for each scenal'io in Figures 7a and 7b, 

respectively. Both show those combinations of source category reductions 

that would result in NAAQS compliance given the assumptions above. In 

Figure 7a, which pffectively represents compliance at the Silver King 

School, low-level emission controls range from a required 80% to 100%. 

Concurrently, mid-level reduction requirements are from a high of 78% at 

the minimum low level reduction requirement down to a low of 62% were 101'1-

level emissions completely eliminated. 
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The predominance of low-level sources' effects at monitors located 

near the smelter is clear. Significant decreases must be achieved in this 

category regardless of other emission reductions. This supports the com­

mon belief that ground level fugitive dust releases around lead smelters 

are a major source of excess lead levels in the nearby community. 

Figure 7b shows the same resultsassllming the smelter property 1 ine 

were extended one mile distant. Now the option of reduci~g low level 

emiss:ons extends as low as 50% with a concurrent mid-level reduction 

requirement of 96%. A total el iminat ion of low-level sources would reduce 

the mid-level reduction requirement to 57%. The latter is not much lower 

than the 62% required under the present property boundaries. That is 

significant in the sense that property acquisitions could be used to off­

set low-level emission reductions that, in turn, decrease the required 

mid-level emission reductions. However, thi~ strategy is effective only 

to extend the low-level option below the 80% reduction requirement. How 

advantageous this might prove depends on the ease with which low-level 

emission reductions are achieved. If, for instance, 65% of the emissions 

could be relatively easily eliminated, a property extension and slightly 

higher mid-level reductions might be more efficient than attacking the 

remaining 35% of low-level emissions. Consideration of such options 

requires specific knowledge of the current emissions and how difficult 

they will be to control. That discussion is reserved for the following 

Section of this report. 

7.4 Concurrent Compliance Strategies for the NAAQS and OSHA Requirements 

Discussion of the results of the analysis of the previous SUb-section 

is presented in a new sub-section because of the problems alluded to in 

Section 7.1. Use of the actual emissions that make up the source 
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categories begins. The analyses now moves from relative to absolute con­

siderations and projections. From this point on, there is added uncer­

tainty dssociated with the quality of the available emissions inventory. 

Low-level emissions: This catE~oryls emissions are pri~cipally from 

two types of sources of about equal contribution. About half are 

from the Lurgi sinter plant area and are predominantly point sources. 

A similar amount are from the Highline area and are the result of 

uncontrolled fugitive emissions. This is a cor.venient division for 

discussion of these sources. Point sources are not as important to 

industrial exposures and are more eas ily addressed than the fugitive 

sources. It is 1 ike 1 y that suff i c i ent contro 1 s for NAAQS comp 1 i ance 

needs dre currently available and economically feasible for these 

sour es. Control of these sources could effect as much as a 40% 

reduction in low-level emissions. The uncontrolled fugitive sources 

1" the Highline area are much more difficult. The Radian study con­

cluded that these were impossible to control to the extent necessary 

to aChieve occupational compliance. Many of these sources are mani­

fest tc the outside environment through building ventilation and 

there seems to be a significant difference in the sources that work­

ers and the community are exposed to from this area. 

Mid-level emissions: TiJese sourcess are due almost entirely to one 

of two sources. Point source in the pelletizing area make up about 

30% of this category. The remainder is due direct,ly or indirectly to 

blast furnace upsets. As with the low-level sources it is likely 

that a significant reduction in point sources could be achieved 

through application of available add-on technologies. However, blast 
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furnace upsets are the primary concern with respect to both community 

and occupational exposures and are doubtless the most difficulty 

emissions to control in the entire complex. Numerous attempts have 

been made In the last ten years to control this source. None have 

succeeded. If NAAQS or OSHA requirements are ever to be achieved, 

the blast furnace upset condition will have to be substantially 

reduced. It is unlikely that this could be accomplished with the 

current plant configuration. New process designs and a dedicated 

control device may be necessary. 

If the goal of the smelter is to comply with both standards in a com­

patible time frame, then, based on these emission data, the preferred con­

trol strategy is obvious. There are two absolute requirements that cannot 

be avoided. In order to achieve compliance with OSHA standards in the 

Highline area at least 75% of the uncontrolled fugitive emissions must be 

el iminated. In order to achieve compl iance with either standard in the 

Blast Furnace area, at the very least, 65% of these emissions will have to 

be addressed. 

Given these prerequ i sites, property acqu i sit ions ,wou 1 d not be produc­

tive in meeting both the standards. Achieving the reductions required for 

OStiA compliance in the tlighline area coupled with best available control 

technology for the Lurgi area would result in approximately 80% reduction 

in low-level sources. That, together with a similar reduction required 

for the blast furnace upset, should result in compliance for both these 

areas with respect to both standards. 
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7.5 Economic Discussion 

Although no economic analysis is required by this contract and is 

beyond the current resources of this modeling technique, the current sta­

tus of the complex requires that this report be summarized in an economic 

context. Given the goal of s~multaneous occupational and environmental 

compliance for lead emissions the following major control activities are 

required: 

1. Institution of available management practices and engineering 

control suggested in the Radian report; 

2. Elimination of outside storage of sinter produce and maintain­

ence of road sanitation practices; 

3. Stabilization of contaminated soils in certain locations. 

4. Installation of available control technologies for point sources 

and certa i n fug i t i ve sources in the comp lex. 

5. Substantial elimination of uncontrolled fugitive emissions in the 

Highline area and upset conditions in the Blast Furnace area. 

Each of the first four items probably carries a price tag of around a 

million dollars and could be a reasonable expenditure for this operation 

during profitable tiems. The last item, however, will require substantial 

process alterations and replacements in both areas. These costs will be 

measured in tens of millions of dollars exclusive of the lost production 

time, demolition, and site preparation expenses. That type of investment, 

because of current and projected metals prices and interest rates, wi 11 

not be made in the foreseeable future. 

If and when this smelting complex reopens, a large initial investment 

will be required to reestablish a work force, recruit professional staff, 

purchase reliable raw material contracts, and refurbish and replace 
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weathered equipment. It is also likely that such a serious investor will 

be interested in assuring substantial co~p1iance with health regulations. 

The High1ine area of the smelter is antiquated. It needs to be replaced 

with up-to-date processes, not only for health reasons, but for operation­

al efficiency and business competiveness. The blast furnace upset must 

simply be eliminated for any hope of compliance. A future investor may 

well make these cOlTJllitments were a restart to become real ity. Perhaps,_ 

the most prudent business decision that could be made at this time may be 

to proceed with demo 1 it ion of those parts of the complex incongruent with 

a modern lead smelter. Those demolition and maybe site preparation costs 

could be used to off-set federal taxes as "discontinued operations losses" 

and provide a basis for some future industri~l use of this facility. 
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APPENDIX A 

REFERENCED MAP DISPLAYS 

Fi gure A: TOWNS, RIVER, VALLEY, ~'ONITORS 

Figure B: ELEVATION, ROADS, VALLEY 

Figure C: ACTIVES, PTSOURCE. SPECSITE 

Figure D: SOILPB, SOILCD 

Figure E: OOEPASS, PEDCOPAS, PESPASS, 
COVERMAP, PASSIVES 
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Notes for Figure A 

The first map demonstrates the map VALLEY overlaid by the river 

and urban locations. The second map depicts the urban locations through 

the map ,TOWNS. The third map, superimposes the monitor location~ from the 

map ~10NITORS. 
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Notes for Figure B 

These three maps are first the sliced version of the ELEVATION 

maps. It is divided into twenty levels representing lOO-foot intervals 

from 2000 to 4000 feet in elevation. The next map shows the ROADS in the 

valley and in the third map values above 3200 feet elevation are masked 

out for VALLEY to illustrate the relative location of the roads. 
, 
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Notes for Figure C 

These three maps show the lo.:ations of the Active and Point Source 

locations, and the sites deserving special source considerations in the 

passive analyses. The pOint source labels are by process unit as defined 

in Chapter VIII. ACTIVES, PTSOURCE, and SPECSITE are described in Chapter VI 

of the parent document. 
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Notes for Figure D 

This series of maps illustrates a part of the development of the 

soil contamination maps SOILPB and SOILeD. The first two maps are the soil 

lead and cadmium estimates developed by the regression models in the report 

text. They are displayed here using the "slice" technique in which the dif­

ferent levels signified at the top of the legend are displayed via corres­

ponding symbpls below. The levels are in ppm metals. The third map is the 

soil contaminati on map synthes ized from the several soi 1 studies referenced 

in the report text. It shows soil lead estimates in ppm for the valley sites 

(ri ver + 200 feet). 
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Notes for Figures E1 and E2 

The first three maps are the PASSIVE source locations from three 

studies referenced in the text. The list at the bottom of the maos refers 

to those in Table 2 as indi cated by the vari ab le VAL for PESPASS, (VAL - 100) 

for PEDCOPAS, and (VAL - 200) for DOEPASS. The next map is the vegetation 

COVER~P that depicts the vegetation cover levels for the valley. Some of 

the areas from this map are used together with the previous three maDS to 

produce the last in this series. That map referred to as Fig. E2 - X 

shows all the special passive source areas considered in the valley, and 

the ri ver. 
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APPENDIX B 

NATIONAL ElHSSION DATA SYSTEM 

(NEDS) Designation for Bunker Hill 

Company Point Sources 

(Taken From PES, 1978) 
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TABLE 1. SMELTER STACKS 

Process 
Units Process and/or Control 

Sl 11. Crushing Plant Dryer - Scrubber 
,12. Crushing'Plant Dust Collector - Receiving Bins 

)3. Crushing Plant Rod Mill Scrubber 
14. Crushing Plant Conveyor - Baghouse 

S2 15. OfP Ore Preparation Plant Saghouse 

S3 16. Pelletizing Dryer - Scrubber 
17. Return Sinter Storage } "0" S bb 
18. Pelletizing Plant Conv. cru er 

S4 1. lurgi-Strong Gas } 
Smelter Acid Plant 

2. lurgi-Weak Gas 

55 19. turgi "NM Rotoc1one - Stnter Discharge 
20. lurgi "S" Scrubber - Sizing Suilding 
21. lurgi "C" Scrubber -Slz iilg Bull ding 
22. Lurgi "A" Scrubber - Sinter Rolls -

Retrofit Drum 

S6 3. Lead Slast furnace 
W. lead Blast furnace feed (Sinter Tunnel) 

S7 26. Zinc fuming Plant Main Stack - Baghouse 
21. Zinc fuming Plant Granulator - Scrubber 

NEOS 

02 
03 
04 
05 ' 

06 

07 
08 

01 

09 
10 
11 
12 

01 

Hi. 
17 

Name 

Crushing 
Plant 

Ore Prepara-
tion Plan 

Lurgi Sinter 
Machine 

Sizing 
Sui! di ng 

81 ast furnace 

Zinc FUfllin!l 
Plant 

,&Mm. m ~~,~~~-

f-' 
N 
W 



S8 I 28. lead Refinery - Dross Kettles - Scrubber 
5. Reverb Horblo Flue to Main Stack 

24. Reverb Granulator Scrubber 
23. Reverb Speiss Discharge - 8aghouse 

S9 I 6. Electric Furnace (Copper Dross) Horblo to 
25. Electric Furnace Granulator - Scrubber 

510 I Silver Refinery Duct 
7. Retort Room 
8. Cupels 
9. Monarchs 

NEOS 01 Main Stack 

Table 1. ZINC PLANT STACKS 

~:>"" • 

" Process I 
Units Process and/or Control 

Z1 32. Concentrate Dryer - S02 Monitor 

33. Concentrate Silo - (No Control) 
from Ra 11 Car 

Z2 
After H/H llnc Plant Acid Plant .1 II RSTR.-27 
scrUbber/ 12 RSTR .-28 
\ ESP 13 RSTR.-29 

N4 RSTR .-30 
.5 RSTR.-31 

I After 8/H Zinc Plant Acid Plant 12 
I Scrubber & ESP 

32 
01 
17 
13 

0] 
15 

01 
01 
OJ 

N£OS 

33 (New) 

19 

18 

18 

Roof Vent 
Lead Ref! nery 

and 
Reverb. Furn. 

Sil very 
Refinery 

Name 

(Concentra te 
Dryer) 

{Zn Roasting 
Plant 
- 5 Roas ters 

i-' 
N 

"'" 



~.' 

~' 

Z3 

Z4 

Z5 

Z6 

Z7 

Process 

36. Roasting Department Conveyor Scrubber 

34. II Wedge Roaster-Scrubber 
39. Melting Department Dross-Baghouse 
37. Roaster Dross-Baghouse 

35. Residue Dryer - No Cont.-Temp. 

Scrap Furnace Sky Vent 
42. Scrap Furnace Scrubber - Not Hooked Up 
40. ,2 Melting Furnace Scrubber" 
41. 13 "Melting Furnace Scrubber 
41A. 13 HeltingFurnace Vents 
42A. "Alloy Furnace 

38. Purification Zinc 8aghouse 
(Zinc Dust Prep.) 

Table 1. PHOSPHATE PLANT STACKS 

Units Process and/or Control 

P.l 144. Aerotec Amnonium Phosphate Reactor 

22 

20 
25 
23 

21 

( ) 
"28 
27 
26 

( ) 
( ) 

24 

HEDS 

30 

15 ROdS ter " 3 
Roasters 1-4 
Each Acid Plant 
3.5 Roasters 

Zinc Dross 
Process ing 

Res idue Dryer 

Puri ficat ion 
Department 

Name 

P.2 143. Dryer S,F. - Ammonium Phosphate 29 Separate PWR 

P.3 45. Doy!e Reactor - Phosphoric Acid Reactor 31 Separate pWR ___ 1 

Separa te PWR 
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