
T-3572

THE ECONOMICS OF THE DOMESTIC BORATE INDUSTRY

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80401

John A. Sarles



ProQuest Number: 10783020

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest

ProQuest 10783020

Published by ProQuest LLC (2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106 -  1346



T-3572

A thesis submitted to the Faculty and the Board of 
Trustees of the Colorado School of Mines in partial 
fulfillment of the requirements for the degree of Master of 
Science (Mineral Economics).

Golden, Colorado

Dr. Roberta. Drury / 
Thesis Advisor /

Golden, Colorado

Dr. John ETT’ilton 
Coulter Professor and
Dr. John ETT’ilton 
Coulter Professor and 
Head, Mineral Economics 
Department

ii



T-3572

ABSTRACT

The domestic borate industry is dominated by one large 
firm with a competitive fringe. The dominant firm currently 
accounts for approximately 80% of total U.S. supply and 90% 
of domestic capacity. About 80% of domestic consumption is 
supplied from internal sources. The primary source of 
imports is Turkey. Fiber glass production makes up the 
largest domestic market for borates, absorbing 50% of total 
U.S. consumption. The United States is a net exporter of 
borates, with about half of total domestic production 
destined for foreign markets.

A simple econometric model describing domestic 
consumption, price, and net exports has been constructed, 
based on the economic evaluation of the industry. This 
model has also been used to forecast levels of consumption, 
production, price, and net exports to the year 2 000. The 
results of the model support the dominant firm hypothesis 
presented in this thesis. Furthermore, the simulation 
provides reasonable results, predicting healthy growth in 
domestic consumption and production, slow growth in net 
exports, and a gradual increase in price through the 
remainder of the century. Data collection problems have 
precluded the development of a more detailed model.
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Chapter 1 
INTRODUCTION

Although utilized for thousands of years, borate 
minerals have attained significant commercial status only 
within the last century. Currently, this class of mineral 
commodities is used in a wide variety of products. For many 
of these applications, there are no acceptable substitutes.

The United States currently ranks as the world's 
largest supplier and second-largest exporter of boron, 
accounting for over half of all the boric oxide (B203) 
produced in 1986. Approximately 80% of total U.S. 
production is supplied by one firm. The remaining domestic 
output is supplied by a second company, which produces borax 
as a coproduct along with trona and several other evaporite 
minerals.

In the United States, this industry can best be thought 
of as a monopoly with a competitive fringe. The dominant 
firm, U.S. Borax, possesses the largest and one of the 
richest operating sodium-borate mines in the world. Having 
existed in one form or another for over a century, the 
company has been quite successful at establishing and 
maintaining its dominance in the market. It has only been 
recently, with the nationalization of the borate industry in
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Turkey, that U.S. Borax has begun to lose some of its market 
share. Prior to nationalization, Turkish output was 
relatively low. In addition, U.S. Borax's parent company, 
the Rio Tinto Zinc Corporation, had control of the largest 
borate mine in Turkey (The Economist, 1988).

In terms of its total value of production (>$426 
million in 1986), the domestic industry, while small by some 
standards, is not insignificant. Since output is 
concentrated in the Mojave Desert of southern California, 
this industry is especially important to the regional 
economy. Nevertheless, few comprehensive economic studies 
of the U.S. borate industry have apparently yet been 
undertaken.

It is conceivable that other in-depth economic studies 
of this industry may have been undertaken in the past. 
Nevertheless, a search of the existing documents failed to 
unearth these studies. Hence, the work represented in this 
thesis is not based on prior economic or econometric 
research specific to borates. Studies which are referenced 
in Chapter 4 deal with aspects of the model but are specific 
to other mineral commodities.

The purpose of this thesis is to provide a detailed 
economic evaluation of the domestic industry. Chapter 2 
provides the basic background information which is necessary
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for a more thorough understanding of industry economics.
This chapter discusses a number of diverse topics including 
the history of domestic production, the worldwide 
distribution of borate supply, the geology of this class of 
minerals, primary end uses and products, and the processing 
of borates.

Chapter 3 examines the economics of the domestic 
industry. Topics for discussion in this chapter include 
production and costs for the dominant firm as well as for 
the competitive fringe, domestic consumption patterns, 
domestic market structure, special features of the industry, 
current issues and trends, and future prospects. The 
section on special features covers topics such as imports 
and exports, inventories, substitution, research and 
development, transportation costs, prices, and environmental 
considerations.

Chapter 4 focuses on a three-equation econometric 
model, developed in an effort to more thoroughly describe 
the domestic industry. The equations describe the behavior 
of domestic consumption, product price, and net exports.
The empirical model is based on the economic evaluation in 
Chapter 3. In addition, a set of simulations provide 
forecasts for the dependent variables to the year 2000.
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Chapter 5 presents conclusions and makes several 
recommendations for further studies.

This thesis focuses primarily on the domestic borate 
industry. Annual data have been collected from a number of 
sources, and a complete database has been compiled for the 
period from 1964 through 1985. The original intent was to 
establish a complete database for the world industry dating 
back to the end of World War II. Unfortunately, the scope 
of this study was limited by a scarcity of data. Neither 
aggregate international data nor detailed U.S. data from 
individual companies were obtainable. Detailed data are 
almost impossible to obtain, as practically all information 
not available from government agencies (such as the Bureau 
of Mines and Department of Commerce) is proprietary in 
nature. Even Bureau of Mines data prior to 1964 are 
relatively sketchy.

The methodology developed for this study includes both 
descriptive and quantitative components. The bulk of the 
industry evaluation is descriptive in nature, as there is 
much to discuss and limited data. The quantitative 
evaluation appears in the form of the econometric model 
discussed in Chapter 4. This model provides further 
explanation and support for several of the key topics 
covered in Chapter 3.
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Chapter 2 
A DESCRIPTION OF THE INDUSTRY

In order to develop an understanding of the borate 
industry in the United States, it is useful to examine the 
factors which have been primarily responsible for its 
evolution and current structure. These factors include the 
history, distribution of borate supply, geology, primary end 
uses and products, and processing of borates. This chapter 
provides the basic background information in each of these 
areas.

History
Some of the desirable properties of boron have been 

known for millennia. The goldsmiths of ancient Babylon 
utilized borax as a flux, and in Egypt, this mineral was 
used for mummifying the dead and in certain medical 
applications. Sixteen hundred years ago, the Chinese were 
using borax-based glazes for pottery.

The Europeans first learned of borax in the thirteenth 
century, when Marco Polo returned from his travels with 
samples collected from surficial deposits along the way. 
Tibetan borax deposits supplied the expanding needs of 
Europe for the next 500 years. Finally, in 1771, a
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naturally occurring form of boric acid (known as sassolite) 
was discovered in Italy. This source satisfied most of 
Europe's requirements until 1872.

Meanwhile, in the United States, borax was discovered 
in a small lake in northern California in 1856 by Dr. John 
A. Veatch. Production from aptly-named Borax Lake began 
eight years later. In 1864, twelve tons of borax were 
extracted from the lake, an insignificant amount by today's 
standards. Nevertheless, it marked the beginning of the 
industry in the United States. Production from this source 
continued until 1868, never exceeding an annual output rate 
of 220 tons (United States Borax, 1985). Exploitation of 
nearby Lake Hachinhama (also known as Little Borax Lake) 
began as production at the original site was ending, and 
continued until 1874.

In 1870, "cottontail" ulexite was discovered at 
Columbus Marsh and Salt Wells in Nevada. Other discoveries 
of ulexite and borax in the region soon followed, and by 
1872, Nevada had become the primary source of borate 
minerals in the world (Papke, 1985). It maintained this 
status until 1883, by which time total U.S. production was 
about 3,000 metric tons of refined borates per year. By 
1893, however, most of these deposits had been abandoned,
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and the state's production from these sources ceased 
altogether soon after the turn of the century.

It was during the 1870s that two of the key figures in 
the industry appeared. One of these was Francis Marion 
"Borax" Smith. Originally from Michigan, Smith had 
journeyed to California intent upon securing his fortune in 
the gold fields of the Mother Lode. Unsuccessful in this 
endeavor, he soon began investigating alternatives. When he 
heard of the ulexite discoveries in 1872, Smith departed for 
Nevada. Intending at first to sell firewood to the borate 
producers who needed fuel to process the material, Smith 
quickly realized that he could do much better by getting 
into the borate business himself. He began by staking 
claims on Columbus Marsh and Teel's Marsh. Once firmly 
established in the area, Smith wasted no time in 
strengthening his position in the market by methodically 
buying out his competitors.

Following the discovery of ulexite in Death Valley in 
1881, production began to shift from Nevada back to 
California. Discovered initially by a desert prospector and 
his wife, Aaron and Rosie Winters, the Death Valley deposit 
was later purchased for $20,000 by William T. Coleman.
Owner of the distributing agency for Smith's borax and a 
prominent California businessman, Coleman was firmly
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convinced that borate production would soon become a major 
industry in the West. Not one to let a potentially 
profitable opportunity slip by, Coleman promptly built the 
Harmony Borax Works on his newly acquired property and began 
extracting ulexite and converting it to borax (obtained 
through a chemical reaction with soda ash).

Coleman now found himself in direct competition with 
Smith, his former customer, who had until then had the 
market largely to himself. Coleman, however, had one major 
logistical problem not encountered by his competitor. He 
was faced with the prospect of having to ship his product 
165 miles to the nearest railhead at Mojave, across some of 
the most desolate and inhospitable country in North America. 
During the first year of operation, this was not a 
substantial problem, since output was low. The following 
year, faced with growing demand and increased production, 
Coleman decided that his company should devise a means of 
transporting the product as efficiently as possible. Thus, 
the twenty-mule team was created.

The brain child of Ed Stiles, a muleskinner, and J. W.
S. Perry, Coleman's superintendent, the twenty-mule team 
proved to be an effective method for transporting the 
finished product to the rail site. The team was hitched to 
two specially designed wagons which were loaded with borax,
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plus a 1,200 gallon water tank. Fully loaded, the two 
wagons and the water tank had a gross weight of 36.5 tons. 
The round trip to Mojave and back took approximately twenty 
days. During the five years that they were in regular use, 
these teams hauled twenty million pounds of borax to the 
railhead, a significant accomplishment considering the 
rigors of the journey.

In the early 1880s, shortly after Death Valley 
production began, a new mineral, colemanite, was discovered 
by Coleman's scouts in the rugged mountains to the east of 
Death Valley. This same mineral was later discovered in the 
Calico Mountains near Barstow, California. Though richer in 
boron than ulexite, these colemanite orebodies occurred 
primarily in buried deposits with only limited surficial 
outcrops. This meant that extraction was considerably more 
difficult, since most colemanite could only be mined 
underground. Hence, it was several years before colemanite 
superseded ulexite in importance, but by 1887, such a shift 
had occurred. By this time, domestic production was roughly 
5,000 metric tons per year of refined borates (Papke, 1985). 
From 1887 until mining began at the Kramer borax deposit in 
1927, colemanite mining accounted for most of the boron 
produced in the United States.
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Unfortunately for Coleman, his complex financial 
dealings forced him into bankruptcy in 1888. By 1890,
Smith, who had continued extracting and processing the 
Nevada borates, took over all of Coleman's former borate 
holdings and consolidated them with his own to form the 
Pacific Coast Borax Company. By now. Smith's company was 
easily the largest single domestic producer, although many 
smaller operations continued to supply the market as well.

Always looking for opportunities to expand his 
business. Smith began investigating new markets overseas.
In 1896, he merged his company with a British chemical firm, 
calling the new company Pacific Borax and Redwood's Chemical 
Works, Limited. In 1899, Smith and his associates in 
Britain formed a still larger company, Borax Consolidated, 
Limited. This company completely absorbed the holdings of 
Pacific Borax and Redwood's Chemical Works and extended its 
operations far beyond the borders of the United States and 
Great Britain. Smith became the principal stockholder of 
the newly formed company and took charge of its American 
subsidiary, the new Pacific Coast Borax Company.

Smith's affiliation with the company continued until 
1914. Finding himself in dire financial straits, he was 
finally forced to sell all of his company stock and resign. 
This was not, however, the end of Smith's influence in the
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industry. In 1920, after several unsuccessful attempts to 
reestablish himself in the market, Smith formed the Westend 
Chemical Company and later began extracting borax and other 
evaporites from the brines of Searles Lake (Cowie, 1985). 
This firm continued operations until 1956, when it was 
purchased by the Stauffer Chemical Company. In 1974, the 
operation was sold to the Kerr-McGee Chemical Company, the 
current owner.

Meanwhile, the Pacific Coast Borax Company and its 
parent corporation continued to prosper. Ever alert for new 
deposits, the company had little trouble maintaining its 
dominant position in the market. With its aggressive 
attitude towards exploration, it was not surprising that 
Pacific Coast Borax soon found itself in possession of the 
Kramer deposit (near the present-day location of Edwards Air 
Force Base), currently the single most productive sodium 
borate source in the world.

The Kramer orebody was discovered by accident in 1913, 
when a homesteader. Dr. John Suckow, inadvertently located a 
pocket of low-grade colemanite ore while drilling for water 
(Siefke, 1985). Pacific Coast Borax, upon hearing of this 
discovery, quickly sent an exploration team to the area. 
Several years elapsed before extensive drilling revealed 
anything of consequence; nevertheless, the company's



T-3572 12

persistence paid off. Early in 1925, borax and kernite were 
discovered at a drillsite approximately three miles east of 
Suckow's well. Additional drilling soon showed the orebody 
to be quite extensive. With such encouragement, the company 
rapidly shifted its interest to the site and began 
developing a mine and processing operation. By 1927, 
production had begun.

Development of the Kramer orebody at this time was a 
particularly fortuitous event, as it coincided with the 
evolution of two significant manufacturing processes. The 
first, perfected by Corning Glass Works, was a method for 
producing heat-resistant borosilicate glass. Several years 
later, in 1931, Owens-Illinois Glass Company and Corning 
Glass Works both developed successful processes for 
mass-producing fiber glass. These events combined to 
revolutionize the domestic borate industry.

With the onset of mining at this location. Pacific 
Coast Borax shut down its operations elsewhere and 
concentrated its energies on the new deposit. Initially 
mining underground using the room-and-pillar method, the 
company switched to open-pit mining in 1956. This was done 
primarily in response to the sharp rise in demand which 
occurred shortly after the end of World War II (Jensen & 
Schmitt, 1985). The change allowed for retrieval of all of
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the ore; previously, much ore-grade material was left in 
place to provide the pillars necessary to support the mine 
roof.

At about the same time that the new pit was being 
developed, the company was again undergoing change. In 
1956, all U.S. assets of the British parent company were 
transferred to Pacific Coast Borax. Later the same year, 
the present company, United States Borax & Chemical 
Corporation, was formed when Pacific Coast Borax merged with 
the United States Potash Company. The company's final 
metamorphosis took place in 1968. This was the year that 
U.S. Borax merged with the Rio Tinto Zinc Corporation 
Limited, becoming a member of the RTZ Group of Companies.

Distribution
Although there are over 150 naturally-occurring borate 

minerals in the world, only about fifteen are commonly found 
in known commercial deposits (see Table 1). Of these, 
perhaps half occur in concentrations great enough to be 
considered ore. In the United States, the important ore 
minerals at the present time are borax and kernite. Prior 
to the recent closing of American Borate Company's Billie 
mine (see Chapter 3), major domestic ores also included 
colemanite, ulexite, and probertite.
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Table 1. Borate Minerals in Commercial Deposits

Mineral Chemical Comoosition Wt. % Boric
Borax Na2B^Oy*10H2O 36.5
Tincalconite Na2B40y*5H20 47.8
Kernite Na2B^0y*4H20 51.0
Ulexite NaCaB509*8H20 43.0
Probertite NaCaB509*5H20 49.6
Inyoite Ca2 B̂ 02̂ 2^*13H20 37.6
Meyerhofferite Ca2Bg02^*7H20 46.7
Colemanite Ca2BgO^^*5H20 50.8
Priceite ^a4®10^19*^^2® 49.8
Sassolite B(OH)3 56.4
Kurnakovite M^2®6011*15H2° 37.3
Hydroboracite CaMgB6011*6H20 50.5
Szaibelyite MgBO2(OH) 41.4
Boracite Mg^ByO^gCl 62.2
Howlite H^Ca2SiB^0^^ 64.5

Source: Harben, Peter W., and Dickson, E. M. 1985.
”Overview of Market Outlook and Economics of 
Borates.” In: Borates: Economic Geology and 
Production. Society of Mining Engineers of AIME, 
New York.
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There are currently two U.S. producers of borates. The 
principal domestic producer is U.S. Borax, which mines borax 
and kernite from the Kramer deposit. This company continues 
to be the largest single supplier of sodium borates in the 
world, providing roughly half of total world supply. The 
second producer, Kerr-McGee, extracts borax as a coproduct 
from the mineral-laden brines of Searles Lake. A third 
company. Mountain States Mineral Enterprises, will soon 
begin solution mining a low-grade colemanite orebody near 
Barstow.

Turkey, the world's second largest producer and the 
largest net exporter, is thought by many to control the most 
extensive reserves (Albayrak & Protopapas, 1985). Six main 
areas of borate mineralization have thus far been 
discovered, four of which currently account for nearly all 
of the country's production. All borate mining and 
processing operations are controlled by the government-owned 
company, Etibank. Primary ore minerals include colemanite, 
borax, kernite, ulexite, and priceite, with lesser 
quantities of probertite, meyerhofferite, and hydroboracite.

In South America, approximately forty borate deposits 
are known to occur along a section of the Andes near the 
borders of Argentina, Bolivia, Chile, and Peru (Norman & 
Santini, 1985). They range in size from small playas and
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spring-aprons to large bedded deposits. The ores consist 
primarily of ulexite and borax, with some inyoite.
Argentina is currently the only major producer in South 
America, and most of its production comes from the Tincalayu 
mine. This mine is operated by Boroquimica Samicaf, another 
member of the RTZ Group of Companies.

In the Eastern Bloc, only the Soviet Union and China 
are known to produce significant volumes of borates. In 
both cases, the major ore mineral is thought to be 
szaibelyite, with secondary hydroboracite. Production may 
not be sufficient to meet the internal needs of these 
countries, since the Soviet Union is known to import some 
borates from Turkey (Kistler & Smith, 1983).

Geology
Though widely dispersed throughout the environment, 

boron does not often occur in concentrations great enough to 
be recovered economically. Where such accumulations do 
occur, they are the result of certain special conditions 
which existed at the time of deposition. For deposits to 
form initially, their precipitation must generally occur in 
a relatively arid environment, since most ore-grade borate 
minerals are soluble in water. Long-term preservation, 
likewise, requires that such an environment continue if the
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minerals are exposed at the surface. If buried, these 
deposits will survive intact only if the minerals are not 
leached out by groundwater circulation.

In addition, highly concentrated sources of boron are 
necessary. Geologic evidence indicates that virtually all 
of these sources are associated with major tectonic belts, 
especially in those areas which have recently experienced 
episodes of active volcanism. Hence, some of the key 
criteria which geologists use when exploring for borates are 
proximity to zones of tectonic movement and the existence of 
volcanic rocks and thermal springs.

Although the regions which exhibit all of these 
essential properties are not numerous, some of them are 
quite large in areal extent. Consequently, the potential to 
discover other sizeable deposits is very great, especially 
in the Western Hemisphere and in Turkey. In the 
southwestern United States and the altiplano of South 
America, conditions have been ideal for borate deposition 
and preservation, since both areas have been quite arid and 
geologically active since mid-Tertiary time. Though 
Turkey's climate is not particularly dry at the present 
time, most of its borate deposits have been buried beneath 
layers of sediment until quite recently and thus protected. 
In addition, a large percentage of the country's primary
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mineralization is in the form of colemanite, which is much 
less soluble than other minerals such as borax.

There are thought to be five primary ways in which 
borate minerals have been concentrated (Barker & Lefond, 
1985). The first of these, precipitation of brines in a 
lake, is also commercially the most important, because it 
characteristically forms the largest deposits. It has, for 
example, been responsible for the deposition at Kramer, 
Searles Lake, Death Valley, and the Calico Mountains, as 
well as the principal orebodies of Turkey. The boron source 
is typically a thermal spring.

A second way is through crystallization in playa muds. 
This will generally occur through the repeated evaporation 
of incoming boron-rich water. It may also be the result of 
evaporation of existing groundwater as it percolates to the 
surface. Examples of this type of deposit are the numerous 
small borate-bearing playas of Nevada and South America.

Borate minerals may also precipitate around thermal 
springs or fumaroles, where the boron-laden waters or gases 
are exposed to rapid cooling. These deposits are generally 
quite small in areal extent but highly concentrated. The 
sassolite accumulations which can be found around some of 
the hot springs of northern Italy are good examples of this 
mode of deposition.
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A fourth type of deposit is formed from seawater, which 
contains an average of 4.6 parts per million of dissolved 
boron. These deposits tend to be small and rich in 
magnesium borates, such as boracite. Geologic evidence 
indicates that these occurrences are probably the result of 
the large-scale evaporation of shallow seas which took place 
during Permian time. The larger accumulations are thought 
to have been formed as a result of submarine volcanic 
activity or similar events which resulted in seawater with 
abnormally high concentrations of this element. The Inder 
szaibelyite/hydroboracite assemblage in the Soviet Union is 
one such example.

The final mode of concentration is related to the 
crystallization of granitic magmas. This is evidenced by 
the fact that many granitic pegmatites and rocks altered 
through contact metamorphism contain assemblages of various 
boron-bearing minerals, such as tourmaline. Because boron 
tends to remain in solution and not react readily with most 
of the other elements that comprise the more common 
rock-forming minerals, the bulk of it is released along with 
water and other volatiles when the magma crystallizes. It 
may then travel to the surface and precipitate upon cooling.
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End Uses and Products
The modern domestic borate industry is characterized by 

a diversity of uses (see Table 2). Boron has a number of 
interesting and often unique properties that account for its 
utilization in such a large variety of commodities. For 
example, this element is used in glassmaking because it 
improves chemical durability and resistance to water attack 
(Mills, 1983), increases resistance to heat and thermal 
shock, reduces thermal expansion, modifies optical and 
electrical properties, and makes glass more brilliant 
(Gagin, 1985).

Because of their tendency to react with strong acids or 
bases to form neutral (buffer) solutions, borate products 
such as borax and sodium perborate are widely used in soaps 
and detergents as bleaching agents and stain removers.
Sodium borohydride can be utilized for bleaching wood pulp 
and removing impurities. In addition, this compound is 
often used for recovering silver and removing various other 
heavy metals from solutions.

Borax and boric acid are commonly used as fire 
retardants in such products as cellulose insulation, 
particle board, and cotton mattresses because they release 
water of hydration when heated. Another boron compound.
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Table 2. Uses for Borate Minerals and Compounds

Use________________________________ Mineral/Compound Utilized
Adhesives 2
Antiseptics 3
Bleaches 2
Cellulosic Insulation 5
Cement 2
Corrosion Inhibitors 2
Cosmetics 2,3
Disinfectants 2
Drugs 2
Electrical Insulation 2
Electrolytic Refining 2
Fertilizers 1,2
Fire Retardants 2,3
Glass 1,2,3,4
Herbicides 2
Insecticides 2,3
Insulation Fiber Glass 1,2,5
Leather Tanning 2
Metallurgy 1,2,3,4,5
Nuclear 3,4,5
Nylon 3
Photography 2
Soaps and Detergents 2,3
Starches 2
Textile Dyes 2
Textile Fiber Glass 1,3,4
Textile Treatments 3
Vitreous Enamels, Frits, and Glazes 1,2,3
Wax Emulsifiers 2
Wood Preservatives 2

Mineral/Compound:
1 - Anhydrous Borax
2 - Borax Pentahydrate/Borax Decahydrate
3 - Boric Acid/Anhydrous Boric Acid
4 - Colemanite
5 - Ulexite/Probertite

Source: Absalom, Sandra T. 1980. "Boron." Mineral Facts
and Problems. U.S. Bureau of Mines, Washington, 
D.C.
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zinc borate, is often used for the same purpose in many 
plastics (Lyday, 1985d).

Because many important crop plants will not produce 
seed without absorbing traces of boron, it is widely used in 
various forms as a micronutrient additive to fertilizers 
(Bryant & Kincheloe, 1983). In larger amounts, however, 
boron is toxic to plants ; hence, it can also be utilized 
effectively as a herbicide.

In concentrated forms such as boric acid, it is an 
effective pesticide when used against cockroaches, ants, and 
fly larvae and yet is nontoxic to mammals. Certain boron 
compounds are also utilized as wood preservatives, as they 
are effective against termites and various wood-rotting 
fungi (Best, 1988). In addition, some types of organic 
boron compounds can be used to sterilize fuel tanks, 
preventing the growth of microorganisms which could 
otherwise clog filters and corrode the tanks.

In metallurgy, boron is often added to steel to 
increase hardness and strength. Addition of as little as 
0.001 to 0.003% reduces the amount of metals, such as 
molybdenum, needed to impart the desired characteristics to 
the finished product. An amorphous glassy metal, known as 
Metglas, can be produced from a mixture of iron, boron, and 
silicon. It has proven superior to more conventional
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materials in strength, magnetism, and corrosion resistance 
and is 85% more efficient than stainless steel when used in 
transformers. Metglas has a tensile strength of up to
600,000 psi (Lyday, 1985d). Boron's properties make it 
useful in a number of other metallurgical applications 
including aluminum smelting, electroplating, protection of 
refractories from acids, and fluxing.

Boron has also proven beneficial as a component in many 
advanced composite materials now widely used in military, 
aerospace, and commercial applications. One composite 
material, consisting of pure boron fibers set in a 
lightweight matrix, has a stiffness-to-density ratio six 
times greater than that of aluminum or titanium. Tensile 
and compressive strengths of boron epoxy composites are 
greater than those of a number of alternative materials such 
as fiber glass, silicon carbide, aluminum oxide, and 
Aramid. Though these composites are currently more costly 
than many of the other advanced materials, they are superior 
in applications where compression, stiffness, and high load 
intensity are important (Lyday, 1985d).

A group of man-made compounds, known as borides, is 
particularly well adapted for use as abrasives and 
refractories. In general, these compounds tend to have low 
electrical resistivities, high thermal conductivities, and
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high hardnesses (ranging between 8 and 10 on the Mohs 
Hardness Scale; 10 is equivalent to the hardness of 
diamond). One of these, boron carbide, is also considered 
to be one of the best neutron-absorbing materials currently 
available and is commonly used in nuclear reactor control 
rods. Because of boron's unique capacity to absorb thermal 
neutrons, other borate compounds (such as boric acid) are 
utilized in various ways at nuclear plants to provide 
effective shielding.

Another property of boron which is particularly 
intriguing to military and NASA researchers is its heat of 
combustion. This element has the highest heat of combustion 
per unit weight of any element known to man. Hence, much 
current research activity is focused on the possible 
utilization of certain boron compounds as fuels for 
aircraft. Some problems, such as a tendency to explode, 
remain to be solved. Nevertheless, the potential of these 
materials to provide high-energy, low-weight fuels for the 
space shuttle and other aircraft is promising.

Unfortunately, obtaining detailed and accurate 
information for all of the many products which contain boron 
would be a costly and time-consuming process far beyond the 
scope of this study. Much more readily available are data
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from the U.S. Bureau of Mines, which groups these products 
into eleven primary end use categories (see Tables 3 and 4).

The fiber glass industries use by far the greatest 
percentage of B203, with insulation and textile fiber 
glass production absorbing nearly 50% of domestic 
consumption in 1986. Borosilicate glass, soaps and 
detergents, and fire retardants are next in importance, each 
consuming between 5% and 10% of the total. Various 
agricultural applications consume an additional 4.4%, and 
enamels, frits, and glazes utilize 3.5%. Metallurgical and 
nuclear applications are minor, each accounting for less 
than 1% of total consumption.

The miscellaneous category undoubtedly includes all of 
the minor uses found in Table 2 which do not fall into any 
of the aforementioned groups. Hence, while it represents a 
significant 8.2% of 1986 consumption, it is likely that no 
single use within this category actually consumed more than 
1% of the total volume.

The final grouping, borate minerals and refined 
compounds sold to distributors, but for which the end uses 
were not known, make up 11.0% of the B203 consumed.
This category probably encompasses a wide range of uses, 
including distributor stockpiles, miscellaneous research 
applications, and various minor quantities utilized as
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Table 3. Domestic Consumption of B203, Including 
Imports, 1980-1986 
(data in thousands of metric tons)

End Use 1980 1981 1982 1983 1984 1985 1986
1 81.1 93.9 52.4 82.9 106.5 93.9 107.2
2 47.9 33.7 29.8 28.6 28.0 24.3 17.5
3 45.7 52.2 28.7 53.3 63.4 65.1 45.0
4 40.6 39.9 27.8 31.4 29.4 31.4 27.9
5 24.1 26.4 24.5 27.6 26.0 22.3 22.2
6 12.1 10.6 10.3 10.2 10.1 11.2 10.7
7 14.2 15.1 9.8 12.9 13.6 13.6 13.4
8 6.0 6.2 3.1 3.4 3.7 3.0 2.8
9 0.5 0.4 0.6 1.0 1.0 1.0 1.0
10 42.5 23.0 19.9 22.0 18.7 20.4 25.0
11 33.5 36.7 34.5 35.8 39.2 40.0 33.8

Total 348.2 338.1 241.4 309.1 339.6 326.2 306.5

End Use:
1 - Insulation Fiber Glass
2 - Fire Retardants
3 - Textile Fiber Glass
4 - Borosilicate Glass
5 - Soaps and Detergents
6 - Enamels, Frits, and Glazes
7 - Agriculture
8 - Metallurgy
9 - Nuclear
10 - Miscellaneous Uses
11 - Sold to Distributors, End Use Unknown

Source: Lyday, Phyllis A. 1980-1986. "Boron." Minerals 
Yearbook. U.S. Bureau of Mines, Washington, D.C. 
Volume 1.
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Table 4. Percentage of B203 Consumed in the U.S., 
1980-1986

End Use 1980 1981 1982 1983 1984 1985 1986
1 23.3 27.8 21.7 26.8 31.4 28.8 35.0
2 13.8 10.0 12.3 9.3 8.2 7.4 5.7
3 13.1 15.4 11.9 17.2 18.7 20.0 14.7
4 11.7 11.8 11.5 10.2 8.7 9.6 9.1
5 6.9 7.8 10.1 8.9 7.7 6.8 7.2
6 3.5 3.1 4.3 3.3 3.0 3.4 3.5
7 4.1 4.5 4.1 4.2 4.0 4.2 4.4
8 1.7 1.8 1.3 1.1 1.1 0.9 0.9
9 0.1 0.1 0.2 0.3 0.3 0.3 0.3
10 12.2 6.8 8.2 7.1 5.5 6.3 8.2
11 9.6 10.9 14.3 11.6 11.5 12.3 11.0

Total 100.0 100.0 99.9 100.0 100.1 100.0 100.0
Note: Totals do not always add up to 100% due to rounding

error. 
End Use:

1 - Insulation Fiber Glass
2 - Fire Retardants
3 - Textile Fiber Glass
4 - Borosilicate Glass
5 - Soaps and Detergents
6 - Enamels, Frits, and Glazes
7 - Agriculture
8 — Metallurgy
9 - Nuclear
10 - Miscellaneous Uses
11 - Sold to Distributors, End Use Unknown

Source: Table 3.
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additives in products such as antifreeze, gasoline, 
solvents, and embalming fluid. In addition, some of the 
B203 included in this unknown category may actually end 
up, unreported, in one or more of the other groups listed.

There are essentially eight borate minerals and 
compounds which are used in these commodities. Five are 
currently being produced domestically, and the other three 
are imported. U.S. producers furnish anhydrous borax, borax 
pentahydrate, borax decahydrate, boric acid, and anhydrous 
boric acid, which are refined from naturally-occurring borax 
and kernite ores. In addition, the United States imports 
colemanite, ulexite, and probertite ores from Turkey. 
Although the United States is a net exporter of boric acid, 
it also imports a small amount. In 1986, for example, 
nearly 5,600 metric tons were imported from Turkey, Italy, 
France, West Germany, Canada, Brazil, Great Britain, China, 
and Japan.

Processing
A variety of processing techniques are utilized by the 

domestic borate producers. Just as the characteristics of 
the deposits differ, so too do the methods of handling the 
ores.
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U.S. Borax
The U.S. Borax operation, in addition to being the 

largest open-pit sodium borate mine in the world, is also 
the largest operating mine of any type in the entire state 
of California. A total of approximately 1,000 people are 
employed at the site, which includes a large refinery and a 
boric acid plant in addition to the mine.

Both kernite and borax are extracted at the site. 
Because physical properties of the two minerals differ, they 
are stockpiled and used separately. Borax is utilized in 
the refinery process, while kernite is used as feed for the 
boric acid plant. In addition, some kernite is hydrated and 
thus converted to borax, in order to serve as additional 
feedstock for the refinery. The refinery produces borax 
decahydrate, borax pentahydrate, and anhydrous borax, while 
the boric acid plant is responsible for making boric and 
anhydrous boric acid. In addition to these basic products, 
U.S. Borax also manufactures a number of specialty products 
at other facilities.

The borax ore, after crushing, is fed into a heated 
vessel containing a dilute borax solution at approximately 
260° F. Because of its high solubility, the ore dissolves 
rapidly. The resulting solution contains about 45% borax by 
weight, along with miscellaneous foreign matter such as clay
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and rock fragments. The heavier material can then be 
screened out, but some clay remains in the solution. This 
mixture next goes to a series of thickeners, where the 
remaining clay is allowed to settle out. From there, the 
solution is fed into crystal1izers and then into 
centrifuges, where the crystalline material is separated 
from the remaining liquor. The waste liquor is pumped to 
evaporation ponds where it is reclaimed and later 
reprocessed. The crystalline borax is carefully dried, 
screened and sorted by particle size, and then either bagged 
or prepared for bulk shipment.

Kernite ore is not used in the borax refinery because 
it is not readily soluble in the hot borax solution used in 
the first part of the process. It does, however, react 
easily with sulfuric acid. The reaction produces boric acid 
and sodium sulfate, which can be readily separated from one 
another since sodium sulfate has inverse solubility (i.e., 
it comes out of solution when heated). Thus, when this 
mixture is heated, most of the sodium sulfate can be removed 
from the solution. The remaining solution then goes into 
thickeners. After exiting the thickeners, the boric acid 
liquor is filtered, crystallized, and vacuum-filtered to 
separate the solid and liquid fractions. The waste liquor 
from this process is also pumped to evaporation ponds for
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later reuse. The crystalline material, meanwhile, undergoes 
additional washing to remove any residual sodium sulfate. 
After this step has been completed, the boric acid is 
centrifuged, dried, and then packaged or bulk-shipped 
(Sarles, 1987).

Kerr-McGee
Kerr-McGee currently operates three plants at Searles 

Lake, two of which include recovery circuits for borax in 
their processes (Norman, July 1986). At the Trona plant, 
potash, borax, and salt cake are produced. The company's 
Westend operation produces soda ash, borax, salt cake, and 
lime (Cowie, 1985). After initial recovery, the borax is 
further refined to produce borax decahydrate, borax 
pentahydrate, anhydrous borax, and boric acid. From these 
basic borate products, the company also manufactures 
specialty products such as boron trichloride, boron 
tribromide, and elemental boron.

Three separate processes are utilized at the Trona 
facility to extract borax and the other compounds from the 
lake. Brines from the upper salt zone are subjected to the 
”trona” process, an evaporative extraction technique. The 
brines which originate in the lower salt zone are cycled 
through the carbonation process. Finally, the weaker brines
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and recycled liquor are processed by the solvent extraction 
technique.

The carbonation process is also used at the Westend 
plant. In this process, brine is pumped to a series of 
carbonating towers. Introduction of carbon dioxide, 
obtained through calcination of limestone, causes the 
precipitation of sodium carbonate as NaHC03. This slurry 
then passes to the grainers, where most of the NaHCOg is 
removed from the brine. The residual NaHC03 is extracted 
after the brine enters the thickeners. From here, the 
remaining liquor is pumped to the borax crystallizers, mixed 
with untreated lake brine to raise the pH level, cooled to 
approximately 55° F., and seeded with borax crystals. The 
liquid fraction which remains is then sent to the salt cake 
plant and cooled further to less than 45° F., causing the 
precipitation of glauber's salt (Na2S04*10H20).
Following this process, the glauber's salt is separated from 
the brine, which then passes to a series of secondary borax 
crystallizers. After the remaining borax has been removed, 
the spent brine is pumped back to the lake (Cowie, 1985).

Mountain States Mineral Enterprises
Mountain States Mineral Enterprises is the most recent 

entrant into the domestic market. Owner of the Fort Cady
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colemanite deposit east of Barstow, this company has already 
built a pilot plant at the site and will soon have a full- 
scale commercial plant in operation (Blocher, 1987).
Although this underground deposit is quite large, containing 
approximately 133 million metric tons of colemanite, the ore 
grade is low (6.4% B203)? consequently, the most 
economical method of recovery is solution mining. This 
process uses hydrochloric acid to dissolve the colemanite, 
which produces boric acid and calcium chloride.
Concentration of the solution through solar evaporation 
causes the boric acid to precipitate out. Treatment of the 
remaining solution with sulfuric acid forms calcium sulfate 
as a coproduct, which has a number of useful applications in 
construction and agriculture (Lyday, 1986b). Initial output 
is expected to be fairly low.
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Chapter 3
AN ECONOMIC ANALYSIS OF THE INDUSTRY

The domestic borate industry is a classic case of a 
dominant firm with a competitive fringe. This industry 
exhibits a competitive demand structure. On the supply 
side, the industry is composed of a dominant firm which is 
aware of how its own actions will influence the market and 
how its competitors will respond. Production decisions by 
the competitive fringe generally ignore the effects that 
their actions may have on price.

Topics covered in this chapter include production and 
costs, domestic consumption, market structure, special 
features of the industry, current issues and trends, and 
future prospects. The section on production and costs is 
further divided into subsections dealing with U.S. Borax 
(the dominant firm) and the competitive fringe. The section 
which deals with special features of the industry includes 
discussions on imports and exports, inventories, 
substitution, research and development, transportation 
costs, prices, and environmental considerations.
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Production and Costs 
Of the two domestic producers of borate minerals and 

compounds, U.S. Borax is the only main product supplier. 
Kerr-McGee produces borax as a coproduct. In addition to 
the domestic suppliers, there are several foreign sources.
Of these, only Turkey is significant.

Figure 1 shows total U.S. output of B203 for the 
years 1964 through 1985. Domestic production in 1986 was 
approximately 571,000 metric tons. This included some 
output from American Borate Company's Billie Mine in Death 
Valley, which remained open until April 19, 1986 (Lyday, 
1986b). Domestic production for the year represented 51.7% 
of total world output.

The Dominant Firm
The U.S. Borax operation utilizes open-pit mining 

methods. On average, approximately 80,000 short tons of 
overburden and 8,000 to 9,000 tons of ore are moved per day 
(Sarles, February 1987). Blasting is carried out on a daily 
basis to facilitate removal of the material in place.
Mining equipment includes 100-ton and 170-ton trucks, rotary 
drills, 19-cubic-yard electric shovels for stripping
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Figure 1. Plot of B203 Production vs. Year (data in 
thousand metric tons)
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overburden, and 15-cubic-yard front-end loaders for loading 
ore into the trucks (Jensen & Schmitt, 1985). The ore is 
transported to a primary crusher in the pit, where it is 
crushed to -8 inches and moved to the surface on a belt 
conveyor. Once out of the pit, the ore is separated into 
borax and kernite stockpiles by an automatic twin-boom 
stacker, thus providing feed for both the borax refinery and 
the boric acid plant. Total estimated capacity is reported 
to be approximately 725,000 metric tons per year of B203 
(Norman, 1987).

The company has upgraded its facilities in recent years 
in efforts to cut costs. In 1985, U.S. Borax installed a 
gas-fired cogeneration plant for the production of process 
steam and electricity. The unit supplies 50% of the steam 
needed in the company's processing facilities and a surplus 
of electricity. The excess electric power is sold to 
Southern California Edison, the regional utility company.

When the company completed construction of its new 
boric acid plant in 1980, it began using kernite as 
feedstock for boric acid production, instead of borax. This 
adaptation effectively reduced the amount of energy needed 
in the process (Lyday, 1985c).

U.S. Borax has made a number of additional 
modifications in its mining and processing operations. The
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net result of all of these changes has been a substantial 
decline in the company's costs of production.

The Competitive Fringe
Borate production at Kerr-McGee's Searles Lake 

facilities consists of pumping the existing brines out of 
the lake and separating the borax from the other brine 
components. Because the borax is a coproduct, only a 
portion of the total extraction and processing costs can be 
directly attributed to production of borates. Although 
capital and labor costs are presumably lower than those at 
U.S. Borax, total energy costs are higher (Lyday, 1985b). 
Nevertheless, the fraction of these energy costs that are 
directly related to borate extraction are probably also 
lower than those at the U.S. Borax site.

Although not producing borates at the present time, 
American Borate Company still owns the Billie mine in Death 
Valley. This mine was forced to close in April 1986. The 
reasons cited for the closure were the strength of the U.S. 
dollar, which effectively increased the prices of exports, 
and the overall increase in world supply. Because this is 
an underground mine, unit production costs have generally 
been substantially higher than for either of the other 
domestic suppliers. Hence, this mine has been forced to
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close while the remaining producers have continued to supply 
the market profitably.

Since the dollar has weakened significantly in recent 
months, it is conceivable that the Billie mine may be 
reopened in the foreseeable future. With an estimated 
capacity of approximately 272,000 metric tons of ore per 
year, averaging from 19 to 38% B203, this will add 
significantly to total U.S. capacity.

Turkish production includes both open-pit and 
underground mines. Four major deposit areas are currently 
being exploited. These include Kirka, Emet, Bigadic, and 
Kestelek. Total production of borate minerals from the 
Turkish deposits in 1986 was approximately 1.7 million 
metric tons (Lyday, 1986b).

Kirka is the largest known deposit and contains over 
500 million metric tons of ore, with an average grade of 
25.4% B203 (Dickson, 1985a). Mining equipment includes 
bulldozers for moving overburden, stockpiling, and road 
maintenance; electric excavators for removal of soft 
overburden where blasting is not necessary; front-end 
loaders, used both for removing overburden and loading ore; 
and trucks for transporting ore to the processing site as 
well as moving overburden (Albayrak & Protopapas, 1985).
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Production at Emet includes both surface mining 
operations at Hisarcik and underground mines at Espey. The 
types of machinery utilized at the open-pit mines are 
presumably the same as those used at Kirka, although these 
mines are much smaller. Longwall mining is the preferred 
underground extraction technique used in the mines at Espey. 
In these mines, chain and belt conveyors are used for 
transporting the ore. Etibank has recently announced its 
intentions to convert these underground operations to 
open-pit mines in order to increase production (Albayrak & 
Protopapas, 1985).

Nine mines are currently extracting borates from the 
Bigadic deposit. Of these, eight are underground mines and 
the ninth is an open-pit operation. The underground mines 
are relatively small, with production capacities which range 
from 3,000 to 67,000 metric tons of ore per year. The open- 
pit mine is significantly larger, with a production capacity 
of 173,000 metric tons per year (Albayrak & Protopapas,
1985).

At Kestelek, both underground and open-pit mining 
techniques are in use. At the underground mine, longwall 
mining is presently used for ore extraction? prior to 1981, 
room-and-pillar mining was the preferred technique. At the 
open-pit site, drilling and blasting are used to loosen
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overburden, which is then removed by bulldozers. The ore is 
subsequently loaded onto trucks, presumably with the aid of 
front-end loaders, and transported to the crushing 
facilities. There, after crushing, the material is hand- 
picked for export (Albayrak & Protopapas, 1985).

Turkish borate mining has evolved from a labor- 
intensive industry to a more capital-intensive one through 
the years. For example, prior to the installation of a
900,000 metric ton per year concentrating plant in 1973, 
colemanite from the Emet deposit was handpicked and stacked 
for drying before being prepared for shipment. Prior to the 
construction of a similar plant at Bigadic in 1979, 
colemanite from this source was also prepared by hand 
(Albayrak & Protopapas, 1985).

While capital and energy costs may be as high for the 
Turkish producers as for U.S. Borax, labor costs are 
significantly lower (Norman, July 1986). The shift by 
Etibank to a more capital-intensive production phase was 
undertaken primarily to increase output rather than to cut 
costs.

Domestic Consumption 
Though production is relatively concentrated, the same 

cannot be said about consumption. A large number of buyers
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use boron in their products. With such a diversity of 
consumers, U.S. demand exhibits a relatively competitive 
structure. Even fiber glass, which alone makes up 
approximately half of domestic consumption, finds its way 
into a wide range of consumer goods such as housing, car 
bodies, boats, skis, tennis rackets, and fishing rods.

Figure 2 shows total U.S. consumption of B203 for 
the years 1964 through 1985. Domestic consumption in 1986 
was roughly 307,000 metric tons (Lyday, 1986b). This figure 
represented approximately 53.7% of total U.S. output and 
27.8% of total world production.

Fiber Glass
The fiber glass segment of the borate market is divided 

into two discrete entities. The larger of the two is 
insulation fiber glass, which in 1986 made up 35.0% of total 
domestic B203 consumption. Most of the insulation fiber 
glass produced in 1986 was used in construction of new 
buildings, although a small volume was utilized to add 
insulation to existing structures.

The manufacture of textile-grade glass fibers consumed 
14.7% of the B203 used in 1986. This constituted the 
second-largest domestic market for borates. Textile-grade 
glass fibers are used as reinforcement in plastics and
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various glass fiber composites. These materials, in turn, 
are widely used in a vast array of products. For example, 
over 90% of the pleasure boats manufactured in 1984 were 
constructed of glass-fiber-reinforced plastics (Lyday,
1984b). Because the manufacture of textile-grade fiber 
glass requires the use of materials which are low in sodium, 
sodium-free borates such as colemanite or boric acid are 
preferred (Dickson, 1985b).

Four major companies dominate the fiber glass 
industries, accounting for 99% of all domestic production. 
These companies are Owens-Corning, with 51% of the market; 
Manville Corporation, with 26%; CertainTeed Corporation, 
with a 12% market share; and PPG Industries, claiming 10% of 
the market (Lyday, 1984b).

Other End Uses
The manufacture of borosilicate glass represents the 

third-largest domestic market for borates and utilized 9.1% 
of the B203 consumed in 1986. The glass industry can be 
broken down into three major sectors, other than fiber 
glass. These include glass containers, flat glass, and 
specialty glass. Although not all glass contains boron, the 
properties of this element make it useful in many 
glassmaking applications. It is an indispensable component
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of heat-resistant glassware and constitutes a large 
percentage of the raw material inputs used. Even in glass 
which is not intended to undergo rapid temperature changes, 
the addition of as little as 0.5 to 1.0% B203 is a 
common practice, because of other desirable properties which 
it imparts both to the melt and the final product (Ceramic 
Industry, 1988). The most commonly used borate compounds 
for glass manufacture include anhydrous borax, borax 
pentahydrate, boric acid, and anhydrous boric acid (Lyday, 
1984b).

The fourth major end use, soaps and detergents, 
accounted for 7.2% of total domestic consumption of B2C3 
in 1986. Roughly 25% of the borates consumed are used to 
manufacture sodium perborate detergents (Lyday, 1984b). 
Sodium perborate, a bleaching agent, performs most 
effectively in hot water. In the United States, however, 
there has been a recent shift towards the use of more cold 
water and chlorine bleach; hence, there has been a general 
decline in demand since 1983.

Borates as fire retardants constituted the fifth most 
important end use in 1986, consuming 5.7% of the total 
quantity demanded. Nearly 98% of total borate consumption 
in this category goes into cellulosic insulation, which is 
the primary substitute for insulation-grade fiber glass.
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The main borate compounds utilized for this purpose are 
boric acid, borax pentahydrate, and borax decahydrate 
(Lyday, 1985d).

Agricultural applications, at 4.4% of total 1986 
consumption, represented the sixth largest end use category. 
One of its primary uses is as a micronutrient in 
fertilizers. This has been an important component of 
agricultural demand since 1970, when boron deficiency was 
identified as the most common micronutrient deficiency found 
in crop plants in the U.S. (Lyday, 1986b). Other major 
agricultural applications include the use of borate 
compounds in pesticides, herbicides, and algicides.

Enamels, frits, and glazes were next in relative 
importance, making up 3.5% of domestic 1986 consumption. 
Other uses have been minor and diverse, including the 
utilization of borate compounds in various metallurgical 
applications, nuclear power plants and nuclear waste 
storage, and numerous miscellaneous uses.

Market Structure 
The domestic borate industry exhibits the 

characteristics of a monopoly with a competitive fringe.
U.S. Borax, the dominant firm, has accounted for about 80% 
of total U.S. output in recent years (Lyday, 1985b). In
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addition, the company has control of nearly 90% of total 
domestic capacity. The competitive fringe currently 
consists of Kerr-McGee, the only other domestic producer; 
Etibank, the Turkish state-owned mining enterprise and 
primary source of imports into the United States; and a 
small handful of minor import sources.

The dominant firm behaves precisely as one would expect 
a monopolist to behave. Alan Lesser, the managing director 
of U.S. Borax, admits that the company attempts to optimize 
its profits in such a way as to avoid "drawing in the 
marginal producers" (The Economist, 1988). In addition, the 
company refuses to divulge much information about its 
operations, regarding nearly all data as proprietary.

Barriers to entry are relatively high (Norman, July 
1986). This is presumably due to several significant 
factors. First, the number of known deposits of sufficient 
size and grade to be economically exploitable, which are not 
already controlled by one of the existing domestic 
producers, is quite limited. Second, this industry exhibits 
increasing returns-to-scale. Although cost data are not 
available, the sheer size of the U.S. Borax operation in 
California, as well as that of the major mining and 
processing facilities in Turkey, indicate that this is 
indeed the case. In addition, U.S. Borax has the capability
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to extract and process a much greater volume of ore than it 
currently does. This excess capacity would make it 
extremely difficult for a new operator to successfully 
compete for a major share of the market.

Figure 3 illustrates the behavior of the suppliers in 
this market. The total market demand curve is indicated by 
DD. The supply curve for the competitive fringe is SS.
D/D/ is the dominant firm's demand curve. The dominant 
firm's marginal revenue and marginal cost curves are shown 
as MR and MC, respectively. Below price Plf the 
monopolist essentially has the market to itself. At prices 
higher than P2, the competitive fringe will supply the 
market exclusively. Since, by definition, the monopolist 
will produce where MC = MR, the resultant quantity supplied 
by the price leader will be Q'. This will establish the 
market price for the product at P'. The total quantity 
supplied will be QT, with the competitive fringe providing 
an amount equal to (QT - Q').

Special Features of the Industry
This section covers a diverse range of topics dealing 

with various economic aspects of the domestic borate 
industry. While not necessary for an understanding of the 
market structure described in the previous section, the
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Figure 3. Dominant Firm with a Competitive Fringe

Source: Nicholson, Walter. 1985. Microeconomic Theory. 
P. 453.
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following discussions provide additional information not 
covered elsewhere in this study.

Imports and Exports
The United States is a net exporter of borates (see 

Figure 4). Nearly half of total domestic output is exported 
to more than fifty countries worldwide (see Table 5). Most 
of the material exported by U.S. Borax is shipped by rail to 
the company's storage and loading facilities at Wilmington, 
California. A large percentage of this is transported to a 
similar location at Botlek, near Rotterdam in the 
Netherlands, from whence it is shipped by rail, truck, and 
barge to manufacturers all over Europe. Much of the 
material exported by Kerr-McGee also ends up in Botlek 
(Lyday, 1986b).

The primary source of imports is Turkey. Essentially 
all of the colemanite, ulexite, and probertite used by 
domestic manufacturers comes from Turkey, as does a large 
percentage of the boric acid which is imported (ulexite and 
probertite are typically blended and sold as one product, 
due to the low grade of the latter). In 1986, for example, 
the United States imported approximately 5,570 metric tons 
of boric acid from nine countries around the world (Lyday, 
1986b). Of this, about 56.4% originated in Turkey.
Turkish
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Figure 4. Plot of Net Exports of B203 vs. Year (data in 
thousand metric tons)
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Table 5. U.S. Exports of Boric Acid and Sodium Borates in 
Metric Tons, 1985 and 1986

Boric Acid Sodium Borates
Country 1985 1986 1985 1986
Argentina 0 0 0 18
Australia 1,295 1,116 7,552 6,717
Belgium-Luxembourg 0 0 67 134
Brazil 7 11 3,072 2,308
Canada 4,377 4,922 46,614 50,073
Chile 0 0 125 101
China 18 0 10,298 0
Colombia 217 107 4,557 3,738
Costa Rica 0 1 397 340
Denmark 58 0 0 3
Dominican Republic 0 0 40 99
Ecuador 4 0 766 652
El Salvador 9 0 36 417
France 3 2,534 0 0
Guatemala 0 0 56 59
Haiti 0 12 70 121
Honduras 0 0 56 127
Hong Kong 190 251 2,107 2,698
India 0 0 10,512 15,803
Indonesia 131 162 4,649 3,674
Iran 19 0 0 0
Israel 23 54 280 375
Jamaica 23 0 0 0
Japan 19,683 20,196 55,395 50,106
Madagascar 0 0 71 0
Malaysia 16 26 3,507 4,539
Mexico 3,460 2,692 19,663 15,488
Netherlands 0 448 326,770 321,998
New Zealand 1,917 723 2,948 1,934
Nicaragua 0 0 60 0
Pakistan 0 0 211 427
Panama 18 3 8 49
Papua New Guinea 76 119 175 229Peru 5 10 31 55
Philippines
(continued)

57 83 966 1,188
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Table 5. (Continued)

Country
Boric Acid Sodium Borates

1985 1986 1985 1986
Saudi Arabia 0 7 422 243
Singapore 6 22 2,673 1,458
South Africa 10 101 3,507 3,981
South Korea 1,076 2,081 16,516 16,927
Spain 0 0 38,388 41,896
Sri Lanka 11 10 7 18
Sweden 0 19 0 0
Taiwan 1,509 1,991 0 13,585
Thailand 151 180 1,319 1,031
Trinidad and Tobago 10,159 0 71 3
United Kingdom 0 63 112 1,570
Uruguay 4 4 33 35
Venezuela 321 283 1,004 1,164
West Germany 5 0 0 600
Zimbabwe 0 4 307 30
Others 0 23 0 27
Totals 44,858 38,258 565,418 566,038

Source: Lyday, Phyllis A. 1986. "Boron.” Minerals
Yearbook. U.S. Bureau of Mines, Washington, B.C. 
Preprint, pp. 6-7.



T-3572 54

imports to the United States in 1986 also included roughly 
14,500 metric tons of colemanite and 38,100 metric tons of 
ulexite and probertite (Lyday, 1988). Imports from this 
source have increased significantly in recent years because 
of overall improvements in the quality and consistency of 
the products, increased political stability, and a very 
aggressive U.S. marketing strategy (Norman, July 1986).
East Coast marketing of Turkish borates has been 
particularly influential, since most of the domestic 
manufacturers of insulation and textile-grade fiber glass 
are located east of the Mississippi River.

Inventories
While inventories undoubtedly play a significant role 

in this industry, data are not readily available. The U.S. 
Bureau of Mines does publish inventory figures. These, 
however, are merely correction factors, used when production 
and consumption figures do not match (Lyday, March 25,
1988).

Collecting inventory data for borates could be 
difficult. In addition to stockpiles of ores and refined 
products at the minesites, there are also inventory stocks 
at the various shipping terminals. In addition, the 
manufacturers which utilize borates in their products would
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also tend to keep raw material stockpiles as well as 
inventories of finished goods.

Because of the differences in output levels, total 
inventory costs for Kerr-McGee are presumably much lower 
than for U.S. Borax. In addition, per-unit costs are 
probably lower as well, since much of Kerr-McGeezs storage 
capacity is used for its other coproducts.

U.S. Borax owns a number of storage facilities, so it 
is likely that the company's inventory costs are relatively 
high. Besides its ore stockpiles and refined product 
storage facilities at the minesite, the company also 
maintains inventories at its main overseas shipping terminal 
at Wilmington, California. A plant in Burlington, Iowa, 
which produces a variety of household and industrial 
products, serves also as a temporary storage point for these 
goods. In addition, the company maintains emergency 
stockpiles of major products at warehouses in Chicago, 
Illinois and Linden, New Jersey. Products are also 
stockpiled in bulk hopper cars on leased railroad tracks in 
the southeastern and midwestern U.S. (Jensen & Schmitt,
1985).
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Substitution
For the most part, substitution is not a predominant 

factor in the domestic borate industry. Because of boron's 
unique properties, there are basically no acceptable 
substitutes in the majority of its applications (Lyday, 
1985b). Only three end-use categories show significant 
substitution potential. Furthermore, this substitution 
would be due to the utilization of different end products, 
rather than through replacement of boron in existing goods.

The first of these is in the insulation fiber glass 
industry. While boron is an essential component of fiber 
glass, there is the potential for widespread substitution of 
cellulosic insulation in place of fiber glass. This will 
probably not occur on a large scale, however, unless the use 
of fiber glass is discontinued because of health concerns. 
Moreover, even if this happens, it may not have a major 
impact on the use of borates, since certain borate compounds 
are often used as fire retardants in cellulose insulation.

A second area in which substitution could play a 
significant role is in the textile fiber glass industry. 
Here, there is some potential for the use of specialty 
plastics or advanced composites in place of textile fiber 
glass for certain applications. As in the previous case, 
however, even a widespread shift away from the use of
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textile-grade glass fibers may not adversely affect the use 
of boron in this area. A number of advanced composites 
contain boron in various quantities, and it is these 
composites which would very likely be used as substitutes 
for textile fiber glass.

The final end use category in which substitution might
have an effect is the borosilicate glass industry. Although
a smaller industry in terms of the total volume of boron 
consumed, this class of products could ultimately experience 
the greatest decline in absolute terms. Here, widespread 
substitution of thermal and other specialty plastics, which 
do not contain boron, could significantly reduce the amount 
of boron needed in this end use category.

Research and Development
Research and development is a significant cost factor

for both domestic producers. The two companies are actively
engaged in ongoing research to improve their extraction and 
processing technologies (Lyday, 1985b). It is unclear 
whether Kerr-McGee is currently conducting any other 
borate-related research, but it appears that the research 
budget of U.S. Borax is quite extensive.

All research at U.S. Borax is conducted by a wholly- 
owned subsidiary, the U.S. Borax Research Corporation.
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Chemical, environmental, and consumer product research is 
conducted at the company's Research Center in Anaheim, 
California. All research and development activities related 
to processing technologies are conducted at the pilot plant, 
located at the minesite. In addition to these activities, 
the company is also engaged in contractual research 
programs, which it conducts at the laboratories of an 
affiliate, Borax Holdings Limited, in Chessington, England 
(United States Borax, 1985).

Transportation Costs
Transportation costs per ton of product are probably 

about the same for shipments originating at either domestic 
production site. Most domestic shipments are made by rail, 
and the companies sell their products in the same geographic 
regions of the U.S. In addition, both companies ship most 
of their products overseas from ports in the Los Angeles 
area.

Relatively high overland transportation cost is one of 
the primary reasons why imports from Turkey have recently 
captured a small but growing share of the domestic market.
It is less expensive to ship borates to the East Coast from 
Turkey than to ship by rail from southern California 
(Norman, July 1986).
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Transportation costs have also played a key role in the 
development of certain products over the years. The 
anhydrous products were originally intended to reduce 
freight costs per unit of contained B203 (Lyday, 1985b). 
Unfortunately, increases in energy costs during the 1970s 
eliminated this advantage, since it requires more energy to 
produce the anhydrous material.

Prices
For the better part of this century, U.S. Borax has 

been the clear price leader, dominating the market both here 
and abroad. The recent expansion of production by the 
Turkish government has eroded this dominance to a certain 
extent, forcing U.S. Borax to adapt to the competitive 
threat posed by Etibank. In the domestic marketplace, 
however, U.S. Borax is still the dominant supplier and 
continues to exert a great deal of influence.

Figure 5 shows the real price of borax pentahydrate for 
the years 1964 through 1985. This particular product was 
chosen to illustrate price trends because it is the borate 
compound which is produced and consumed in the greatest 
quantity in the United States. In addition, the price trend 
is typical of most of the other borate products (Lyday, 
1985b). Figures 6, 7, and 8 show real price vs. domestic
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Figure 5. Plot of Real Price of Borax Pentahydrate vs. Year
(data in U.S. dollars per metric ton; base year - 1982)
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production, consumption, and net exports, respectively, over 
the same time period.

The price of borax pentahydrate has remained relatively 
stable through the years. This is presumably due to the 
strategy adopted by U.S. Borax to optimize profits while 
minimizing the entry of new competitors into the market (The 
Economist, 1988).

In 1986, prices of the major borate commodities varied 
from $212 per metric ton for borax decahydrate in bulk to 
$2,536 per metric ton for anhydrous boric acid in bags (see 
Table 6). Average B203 content of these products ranges 
from 3 6.5% for borax decahydrate to 96.4% for anhydrous 
boric acid (Absalom, 1980b). In general, the price 
increases as the percentage of B2°3 increases. For the 
anhydrous products, however, the prices are significantly 
higher than the percentages of B2<33 alone would suggest.
This is primarily due to the increased energy costs 
associated with the production of these commodities.

As a rule, the more refining the material undergoes, 
the higher will be the cost of processing. Since the main 
difference between borax decahydrate, borax pentahydrate, 
and anhydrous borax is the amount of water which remains in 
the product, the energy cost per unit will increase as the 
material undergoes additional dehydration. Hence, borax
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Table 6. Borate Prices in U.S. dollars per Metric Ton 
(f.o.b. plant)

Product_____________________________________ Price (12/31/86)
Anhydrous Borax (bulk) 664
Anhydrous Borax (bags) 713
Borax Decahydrate (bulk) 212
Borax Decahydrate (bags) 272
Borax Pentahydrate (bulk) 243
Borax Pentahydrate (bags) 292
Boric Acid (bulk) 627
Boric Acid (bags) 677
Anhydrous Boric Acid (bags) 2,536
Turkish Colemanite (40-42% B203) (f.o.b. port) 441

Source: Lyday, Phyllis A. 1986. "Boron.” Minerals
Yearbook. U.S. Bureau of Mines, Washington, D.C.
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decahydrate will be the least expensive to produce, while 
anhydrous borax will be the most costly. The same can be 
said of boric acid production.

An additional cost for packaging will be incurred if 
the final product is bagged rather than prepared for bulk 
shipment. Since this cost is invariably passed on to 
consumers, bulk shipments have become increasingly popular 
in recent years.

Environmental Considerations
From an environmental standpoint, borates are rather 

unique because of their widely differing effects on plants 
and animals. As windblown pollutants, borates are 
considered no more hazardous than general dust. Although 
ingestion by humans of amounts greater than twenty grams has 
been known to cause nausea and skin rashes (Lyday, 1985b), 
more toxic effects have not been reported. Certain man-made 
boron compounds, such as boron trifluoride and the boranes, 
are highly toxic; the naturally occurring borates and 
refined products such as boric acid, however, are not. 
Nevertheless, adequate precautions must be taken at the 
minesites to avoid contamination of groundwater, since this 
water is often used for irrigation of crops.
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Current Issues and Trends 
For the most part, the domestic boron industry has 

exhibited a pattern of growth for many years. It is likely 
that this pattern will continue for some time to come. 
Nevertheless, there are several factors which could cause a 
slowdown in growth or perhaps a decline.

Foremost among these is the continuing loss of export 
market share to Turkey (Metal Bulletin Ltd., 1977). In 
1964, the United States supplied approximately 368,000 
metric tons of B203. This amounted to roughly 73% of 
the total world supply of 502,000 metric tons. In 1986, 
total U.S. output was 571,000 metric tons. Although this 
was a substantial increase over the 1964 level, it 
represented only about 52% of total world output. This 
decline in market share is likely to continue.

First, while exports make up approximately half of the 
U.S. market, nearly all annual Turkish output is exported. 
Hence, there is a strong incentive on the part of Etibank, 
the government-owned mining company, to increase capacity 
and output quickly, thereby boosting the country's 
GDP with additional export earnings (Albayrak & Protopapas, 
1985). In addition, Etibank is currently extracting borates 
from four large deposit areas, containing over twenty 
separate mines (Kistler & Smith, 1983), while the American
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producers are each mining only one deposit. It is therefore 
quite conceivable that Etibank is a great deal more flexible 
than U.S. Borax when it wishes to raise its aggregate output 
level. Furthermore, since Kerr-McGee's borate output is a 
coproduct, its annual production rates are influenced 
partially by the market for trona and other evaporites.

Second, a great deal of current evidence indicates that 
Turkish borate reserves are larger than those in the United 
States. Recent reports have stated that Turkish borate 
reserves make up roughly 70% of all known reserves (Albayrak 
& Protopapas, 1985). This provides an extra incentive for 
Etibank to increase capacity, since Turkey is now widely 
regarded as having the most extensive reserves in the world.

Third, Turkey's proximity to the key export markets in 
Europe provides Etibank with a logistical advantage not 
enjoyed by U.S. producers. Even if costs of mining and 
transportation to the port were identical, which is not 
likely, Turkey's location should allow for greater 
efficiency in shipping its products to these markets.

Finally, Turkey is currently the world's only major 
source of colemanite, ulexite, and probertite. These 
calcium and sodium-calcium borates are preferable to sodium 
borates for certain end uses (Grace, et al., 1985). Since
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the United States no longer produces these ores, it can no 
longer compete in this portion of the market.

A second factor which could have a detrimental effect 
on growth of the domestic industry is the current concern 
with the effect of glass fibers on human health. The 
government is currently studying this issue and will 
undoubtedly release its findings soon. If it is determined 
that fiber glass does indeed pose a health threat, this 
industry could experience a decline every bit as severe as 
that recently felt by the asbestos industry. Since roughly 
half of domestic B20 3 consumption is tied directly to 
fiber glass manufacture, such a decline could seriously 
affect the borate industry.

Another factor to be considered is the effect of 
substitution. In most of the markets that utilize borates, 
this does not appear to pose a serious problem, since boron 
possesses certain unique qualities that cannot be readily 
found elsewhere. The greatest potential for substitution 
appears to exist in minor markets, such as some highly 
specialized advanced composites, that use small quantities 
of borates. The only major market that may be greatly 
influenced in the near future is the borosilicate glass 
industry. Here, widespread substitution of thermal and
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other specialty plastics could eliminate much of the need 
for this type of glass (Lyday, 1985b).

On the positive side, demand for boron in the major end 
use categories should remain healthy. Although there was a 
general decline in domestic consumption of B20 3 from 
1985 to 1986, the largest single end use, insulation fiber 
glass, showed an increase of over 13,000 metric tons. As 
long as interest rates stay at relatively low levels and the 
economy continues to expand, both providing a boost to new 
housing construction, demand for this material will remain 
high. Slow growth is expected to continue at least into the 
next decade (International Trade Administration, 1988).

The second most important end use, textile fiber glass, 
experienced a substantial decline in 1986. This, however, 
is probably only a short-term phenomenon, as there is 
currently a great deal of interest in the automotive, 
aerospace, and defense industries in replacing traditional 
metal parts with lighter weight materials. Many of these 
replacement materials contain various amounts of textile 
glass fibers in their construction (Lyday, 1986b).

The third major end use, borosilicate glass, should 
also continue to exhibit growth. Even if substitution of 
certain plastics eventually has a major impact on some 
products, such as glass cookware, other uses for this type
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of glass may be unaffected. In the case of optical fibers, 
for example, it may be difficult to develop a substitute 
material with the same desirable optical qualities as the 
borosilicate glass currently in use.

In addition to these major end use categories, there is 
great potential for the increased utilization of borates in 
some of the minor end uses and in new ones as well. These 
include things such as advanced composites, fuels and fuel 
additives, and metallurgical applications.

Future Prospects
Because of the wide range of uses to which boron can be 

put and because of this element's many unique properties, 
the domestic industry should continue to flourish for many 
years to come. Although growth in the 1980s has been 
erratic, the overall trend has been positive. The major 
end-use categories have generally exhibited growth 
tendencies, and new uses are continually being discovered 
for this ubiquitous element. Forecasters at the U.S. Bureau 
of Mines have projected an overall 3.2% annual rate of 
growth in domestic borate consumption by the year 2000, 
estimating the level of B20 3 consumed in that year at 
approximately 526,000 metric tons (Lyday, 1985b). Existing 
production capacity should be adequate to meet these needs.
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Two trends will become increasingly evident with time. 
First, as high-grade sources of sodium borates, such as the 
Kramer deposit, become depleted, there will be a growing 
tendency to utilize more colemanite, since this ore can be 
used in many applications without first undergoing a great 
deal of processing. Second, Turkey's role as a major 
supplier to the U.S. and the rest of the world will continue 
to grow in importance. Eventually, it may become so 
dominant as an import source that U.S. Borax will no longer 
be the major domestic supplier.

One political development that may have a significant 
effect on the nature and direction of industry growth is the 
proposed California Desert Protection Act of 1986.
Introduced by Senator Alan Cranston of California, this act, 
if passed, could have a major impact on the future 
development of domestic borate reserves. The area which 
would be affected by this legislation includes a large 
portion of the California Desert Conservation Area (CDCA), a 
region of roughly 25 million acres of land created by the 
Federal Land Policy and Management Act of 1976. Currently, 
about 7.5 million acres of this land are privately or 
state-owned, 3 million are controlled by the military, 2.5 
million are in national parks and monuments, and the
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remaining 12 million acres are administered by the Bureau of 
Land Management (Sarles, February 1987).

If enacted, the California Desert Protection Act would 
convert approximately 68% of the public lands in the CDCA to 
wilderness areas or national parks, severely limiting the 
variety of uses to which the affected properties could be 
put. The bill designates 81 separate areas, totalling 4.3 
million acres, as wilderness. In addition, Death Valley and 
Joshua Tree National Monuments would be converted to 
National Park status. Along with those conversions, 1.4 
million acres of BLM land adjacent to Death Valley and 
245,000 acres adjacent to Joshua Tree would be added to 
those parks. Furthermore, the bill proposes to convert the 
East Mojave National Scenic Area, comprising 1.5 million 
acres of BLM-managed public land, to a national park.
Several lesser land transfers and status changes would also 
be included in this bill. The overall effect would be a 
significant reduction in the total acreage of land available 
for future borate exploration and development activities, 
although existing reserves covered by active mining claims 
would be excluded from such wilderness area or park 
designation.
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Chapter 4
AN ECONOMETRIC MODEL OF THE INDUSTRY

As an aid in understanding market behavior, a simple 
econometric model with three behavioral equations was 
developed for the domestic borate industry. In addition, a 
series of simulations were run, providing forecasts of 
domestic consumption, domestic production, net exports, and 
price to the year 2000. This chapter discusses the model, 
evaluates the regression results, and examines the results 
of the simulations.

Because of the market structure of this industry in the 
U.S., an ordinary competitive supply-demand model is 
invalid. This is because there is no well-defined supply 
curve for the dominant firm (U.S. Borax). While the firms 
which make up the competitive fringe are indeed price- 
takers, the monopolist is able to set the price by adjusting 
its output level. As a result, the model consists of a 
behavioral equation for consumption, one for net exports, 
and one which describes the behavior of price rather than 
production (Woods and Burrows, 1980). The original intent 
was to build a model which contained behavioral equations 
for consumption, price, and inventory, as changes in 
inventory is thought to be an important variable.
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Unfortunately, the lack of accurate inventory data made this 
impossible. The net export equation is included primarily 
to complete the model.

A major difficulty in modeling the domestic borate 
industry is the lack of data on costs or input use. U.S. 
Borax regards such data as extremely confidential and is 
unwilling to divulge this information. This precluded the 
construction of a more detailed model.

The model for the domestic market consists of the 
following four equations:
1. Consumption -

CONS = A0 + A1RPR(—1) + A2QNAT + A3RATIO
2. Real Price -

RPR = B0 + B1PROD + B2EL(-1) + B3RPL + B^RPS + BglOPROW
3. Net Exports -

NEXPO = C0 + C1PRATIO + C2EXCH + C3NEXP0(-1)
4. The Identity Equation -

PROD = CONS + NEXPO 
where:

(-1) = A lagged variable
CONS = Domestic consumption in thousand metric tons of 

B2°3
RPR = Real price of borax pentahydrate (bulk) in U.S. 

dollars per metric ton (base year: 1982)
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QNÀT = U.S. natural real GNP in billions of dollars 
(base year: 1982) (see Gordon, 1987)

RATIO = Ratio of actual real GNP to natural real GNP 
[(RGNP/QNAT)*100]

PROD = Domestic production in thousand metric tons of

b2°3
EL = Ratio of price to domestic consumption (RPR/CONS) 
RPL = Real price of labor in U.S. dollars per hour 

(base year: 1982)
RPS = Real price of sulfur in U.S. dollars per metric 

ton (base year: 1982)
IOPROW = Intensity of non-U.S. production? the ratio of 

b2°3 Produced outside the United States to total 
non-U.S. income (QSROW/GWPROW)

NEXPO = Net exports in thousand metric tons of B203 
PRATIO = Ratio of RPR to the real cost of labor (cost 

of labor in U.S. dollars per metric ton of B203 
EXCH = Exchange rate in average number of U.S. dollars 

required to purchase one SDR

The Consumption Equation 
Boron consumption is thought to be largely determined 

by the size of the economy, the state of the business cycle, 
and the price of boron. The consumption equation therefore
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assumes that the current level of U.S. consumption is 
dependent upon the previous year's price [RPR(-l)], the 
current level of natural real GNP (QNAT), and the ratio of 
actual real GNP to natural real GNP (RATIO) (see Tramm,
1988). The one-year lag in price gives significantly better 
results than the current price. The level of natural real 
GNP is indicative of the general size of the economy 
(Gordon, 1987). This is a measure which is similar to 
potential output. The ratio of actual to natural real GNP 
is an indicator of business cycle activity; a ratio below 
100 generally indicates a slowdown in economic growth or a 
recession, while a ratio above 100 indicates an overheated, 
inflationary economy. The consumption equation is thus

CONS = A0 + A1RPR(-1) + A2QNAT + A3RATIO + e (4.1)

Results of the Regression
The results of the regression are:

CONS = -1068.7 - 0.52615RPR(-1) + 0.1431QNAT 
+ 10•632RATIO 

METHOD OF ESTIMATION = ORDINARY LEAST SQUARES 
DEPENDENT VARIABLE: CONS

SUM OF SQUARED RESIDUALS = 12121.9 
STANDARD ERROR OF THE REGRESSION = 26.7030 

MEAN OF DEPENDENT VARIABLE = 289.372 
STANDARD DEVIATION = 49.7176 

R-SQUARED = 0.75480
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ADJUSTED R-SQUARED = 0.71153 
DURBIN-WATSON STATISTIC = 1.1137 

F-STATISTIC (3, 17) = 17.4438 
NUMBER OF OBSERVATIONS = 2 1

VARIABLE
C
RPR(-1)
QNAT
RATIO

ESTIMATED
COEFFICIENT
-1068.7
-0.52615
0.14310
10.632

STANDARD
ERROR

353.37 
0.55802 
0.21769E-01 
2.7902

T-STATISTIC
-3.0242
-0.94289
6.5737
3.8106

F-statistic from table (3, 17 d.f.):
@95%-- 3.20 @99%--- 5.19

T-statistic from table (17 d.f.):
@80%--  1.333 @95%--- 2.110
@90%--  1.740 @99%--- 2.898

Test for autocorrelation:
Number of observations = 2 1  
Number of explanatory variables = 3 
Durbin-Watson statistic = 1.1137 
Durbin-Watson statistic from table:

D.W.l = 1.03 D.W .y — 1.67

Discussion of the Results
The R2 and F values are acceptable. The Durbin- 

Watson statistic for autocorrelation, falling between the 
upper and lower values given in the standard table, is 
inconclusive. The T values indicate that the lagged real 
price variable is not significant at 80%, but that the
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natural real GNP and GNP ratio variables are both 
significant at 99%. The coefficients of all variables 
appear to have the correct signs.

According to the model, a $1.00 per metric ton increase 
in the previous year's price of borax pentahydrate will 
cause a decline of approximately 526 metric tons of B203 
consumed. A $1 billion increase in natural real GNP will 
result in a 143 metric ton rise in domestic consumption of 
B203. Furthermore, a 1-unit increase in the GNP ratio 
will lead to a 10,632 metric ton increase in B203 
consumption.

Calculation of short-run elasticities indicates that a 
1% increase in the lagged price will lead to a 0.3% decline 
in domestic consumption. A 1% rise in the level of natural 
real GNP will initiate a 1% increase in consumption. 
Furthermore, a 1% increase in the GNP ratio will cause 
approximately a 3% increase in the quantity of B203 
consumed in the domestic market. These elasticities are 
calculated using the average values for price, GNP, the GNP 
ratio, and quantity.

Overall, these results seem reasonable. The relatively 
large effect of a change in the GNP ratio indicates that 
this market is very sensitive to business cycle activity. 
This is certainly not surprising in view of the fact that
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this commodity is closely tied to the construction 
industry. It is also similar to the results one would 
expect in examining most other mineral commodities.

Historically, there has been little variation in the 
real price of borax pentahydrate (see Figure 5). This is 
undoubtedly due to U.S. Borax's dominance in the market and 
thus its ability, until recently, to set the price. The 
lack of variation in price, however, tends to create a data 
problem, because it leads to high estimated standard 
deviations and an overall lack of significance on the 
coefficient of price in any equation.

The Real Price Equation 
Because the domestic borate industry exhibits the 

characteristics of a monopoly with a competitive fringe, a 
standard supply equation, with quantity produced as the 
dependent variable, is not used. This is due to the fact 
that no supply curve can be defined for the dominant firm, 
since the dominant firm's production level is determined by 
its marginal cost and marginal revenue curves (see Figure 
3). The production level will subsequently set the price.

Unlike a normal competitive situation, where price and 
quantity are generally sufficient to establish a supply 
equation, a monopoly model requires additional information.
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Other useful variables include things such as cost factors, 
the production level of the competitive fringe, and the 
demand curve. Unfortunately, the actual cost and production 
data of the individual firms were not obtainable.

This general approach has been utilized before with 
reasonable success (Charles River Associates, 1967). In 
this model, it is assumed that the current price of borax 
pentahydrate is dependent on the current level of domestic 
production (PROD), the previous year's ratio of price to 
quantity consumed [EL(-l)], and the current level of 
non-U.S. production intensity (IOPROW). In addition, two 
key cost variables are included. The real price of sulfur 
(RPS) is used to represent the cost of sulfuric acid (used 
in the manufacture of boric acid). Finally, the real price 
of labor (RPL) is included as an additional cost component.

Some explanation is necessary for the use of IOPROW and 
EL(-l) in this equation. IOPROW, which is the ratio of the 
B203 produced outside the United States to total non- 
U.S. income, measures the opportunity to export. Lower 
values for this variable indicate that boron is relatively 
more scarce, thus providing a greater opportunity for U.S. 
exports. The extra demand for U.S. production subsequently 
provides an opportunity to raise prices. Hence, a negative 
sign on the coefficient of IOPROW is expected.
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EL incorporates the idea, illustrated in Figure 3, of 
how a monopoly is likely to react to changes in demand. As 
demand shifts to become more inelastic, a monopolist will 
raise the price. With a linear demand curve, the price 
elasticity of demand is equivalent to A^*(RPR/CONS) in any 
given year. The coefficient B2 of equation 4.2 is equal 
to the product of A^ (see equation 4.1) and the 
coefficient of an elasticity term. It is expected that this 
product would have a negative sign.

The final form of the regression equation is thus 
RPR = B0 + B1PROD + B2EL(-1) + B3RPL + B^RPS

+ B5IOPROW + e (4.2)

Results of the Regression
The regression results are:

RPR = 121.92 - 0.0074329PROD - 19.711EL(-1)
+ 11.458RPL + 0.10363RPS - 0.64977IOPROW

METHOD OF ESTIMATION = ORDINARY LEAST SQUARES
DEPENDENT VARIABLE: RPR

SUM OF SQUARED RESIDUALS = 579.458 
STANDARD ERROR OF THE REGRESSION = 6.21535 

MEAN OF DEPENDENT VARIABLE = 199.993 
STANDARD DEVIATION = 15.0748 

R-SQUARED = 0.87251 
ADJUSTED R-SQUARED = 0.83001 

DURBIN-WATSON STATISTIC = 1.7828 
F-STATISTIC (5, 15) = 20.5307 

NUMBER OF OBSERVATIONS = 2 1
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VARIABLE
ESTIMATED
COEFFICIENT

STANDARD
ERROR T-STATISTIC

C
PROD
EL(-l)
RPL
RPS
IOPROW

121.92 
-0.74329E-02 
-19.711
11.458 
0.10363 

-0.64977

30.320
0.37103E-01
19.518
3.7209
0•81658E-01
0.14646

F-statistic from table (5, 15 d.f.):
@95%-- 2.90 @99%--- 4.56

T-statistic from table (15 d.f.):
@80%-- 1.341 @95%--- 2.131
@90%--  1.753 @99%--- 2.947

Test for autocorrelation:
Number of observations = 22 
Number of explanatory variables = 5 
Durbin-Watson statistic = 1.7828 
Durbin-Watson statistic from table:

4.0211 
-0.20033 
-1.0099 
3.0793 
1.2690 

—4.4365

D.W.^ — 0.86 D.W.y = 1.94

Discussion of the Results
The R2 and F values are acceptable for this equation. 

The Durbin-Watson statistic for autocorrelation, falling 
between the upper and lower values given in the standard 
table, is inconclusive. The T values indicate that the 
domestic production, price/quantity ratio, and sulfur price 
variables are not proven to be significant. The variables
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which represent the price of labor and the non-U.S. 
intensity of production are, however, significant at 99%.
The coefficients of all variables appear to have the correct 
signs.

According to this model, a 1,000 metric ton increase in 
domestic production will yield a $0.74 per metric ton 
decrease in the price of borax pentahydrate. A 0.1-unit 
increase in the price/quantity ratio will initiate a $19.71 
per metric ton decline in the price of borax pentahydrate. 
The large estimated standard deviation, however, makes this 
number doubtful. A $1.00 per hour increase in the cost of 
labor will cause an $11.46 increase in the borate price per 
metric ton, and a $1.00 per metric ton rise in the cost of 
sulfur will result in a price increase of approximately 
$0.10 per metric ton. A 1-unit increase in the non-U.S. 
intensity of production will cause a $0.65 per metric ton 
decline in the price of the product. The coefficient of 
PROD implies a relatively flat marginal cost curve for the 
dominant firm.

The Net Export Equation
The net export equation is based on a partial adjustment 

model (Pindyck & Rubinfeld, 1981). The partial adjustment 
model in this case assumes that the actual level of exports
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will adjust towards some desired level in a given time 
period. This adjustment, however, is not complete in one 
period, but may actually take several periods to adjust 
fully. Thus, one of the key factors to be determined by 
this equation is the speed of adjustment.

Here, it is assumed that the desired level of net 
exports is a function of the price ratio (price of borax 
pentahydrate divided by the cost per metric ton of labor) 
and the exchange rate. This equation is probably somewhat 
of a mix of the demand for U.S. exports and the domestic 
incentive to export. This is represented by

NEXPOdes = c0 + c^PRATIO + c2EXCH + e (4.3)
where NEXPOdes is the desired level of net exports and e 
represents the error term. In this case, the equation which 
illustrates the partial adjustment process is shown as

NEXPO - NEXPO(-1) = x[NEXPOdes - NEXPO(-1)] (4.4)
where x represents the speed of adjustment. Equation (4.4) 
can be rewritten as

NEXPO = x[NEXPOdes - NEXPO(-1)] + NEXPO(-1)
= xNEXPOdes + (1-x)NEXPO(-1) (4.5)

Substitution of equation (4.3) for NEXPOdes in equation 
(4.5) yields

NEXPO = X C q  + XC^PRATIO + XC2EXCH
+ (1-x)NEXPO(-1) + e (4.6)



T-3572 86

The regression equation then becomes
NEXPO = C0 + C1PRATIO + CgEXCH 

+ C3NEXPO(-l) + e
where

c0 “  xc0 
C1 =  XC1

C2 = xc2 
C3 = 1-x

(4.7)

Results of the Regression
The results of the regression are:

NEXPO = -32.459 + 10.804PRATIO + 89.124EXCH
+ 0.65782NEXPO(-1)

METHOD OF ESTIMATION = ORDINARY LEAST SQUARES
DEPENDENT VARIABLE: NEXPO

SUM OF SQUARED RESIDUALS = 6680.06 
STANDARD ERROR OF THE REGRESSION = 19.8228 

MEAN OF DEPENDENT VARIABLE = 279.551 
STANDARD DEVIATION = 53.1182 

R-SQUARED = 0.881624 
ADJUSTED R-SQUARED = 0.860734 

DURBIN-WATSON STATISTIC = 1.6341 
F-STATISTIC (3, 17) = 42.2033 

NUMBER OF OBSERVATIONS = 2 1

VARIABLE
C
PRATIO
EXCH
NEXPO(-1)

ESTIMATED
COEFFICIENT

-32.459
10.804
89.124
0.65782

STANDARD
ERROR

51.741
10.817
62.333
0.13058

T-STATISTIC
-0.62733
0.99881
1.4298
5.0377

Long-run coefficients:
Speed of adjustment: x =  1 C3 = 0.3422
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Cq = C q / x  = -94.86 c2 = C2/X = 260.46
C1 ” cl/x ~ 31.57 

F-statistic from table (3,17 d.f.):
@95%-- 3.20 @99%--- 5.19

T-statistic from table (17 d.f.):
@80%--  1.333 @95%--- 2.110
@90%--  1.740 @99%--- 2.898

Test for autocorrelation:
Number of observations = 21 
Durbin-Watson statistic = 1.6341 
Var.(C3) = (0.13058)2 = 0.01705
h = (1-1.6341/2){21/[1-21(0.01705)]}1/2 = 1.0464

Discussion of the Results
The R2 and F values are acceptable. The Durbin h-test 

does not indicate the presence of autocorrelation. This 
test for autocorrelation is used in place of the standard 
Durbin-Watson statistic because of the lagged dependent 
variable which is included on the right hand side of the 
equation. The Durbin h-statistic has approximately a 
standard normal distribution. The T values indicate that 
the PRATIO variable is not significant at 80%. The exchange 
rate variable, however, is significant at 80%. In addition, 
the lagged net export variable is significant at 99%. The
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coefficients of all variables appear to have the correct 
signs. This equation is relatively weak in both theory and 
results.

In the short-run, according to the model, a 1-unit 
increase in the price ratio will cause an increase in net 
exports of 10,804 metric tons of B203. A 0.1 increase 
in the number of dollars per SDR unit (i.e., a weakening of 
the dollar) will lead to an 8,912 metric ton increase in net 
exports. The speed-of-adjustment factor indicates that the 
actual level of net exports will, in the short-run, shift 
approximately 34% towards the desired level in a given time 
period.

A 1-unit increase in the price ratio will, in the 
long-run, precipitate an increase of 31,570 metric tons of 
net exports. A 0.1 increase in the exchange rate will cause 
a long-run increase in net exports of 26,046 metric tons of
b2°3 •

Simulation Results
Four simulations were run in order to examine the 

effects of changes in certain key variables on the dependent 
variables in the model. The explanatory variables which 
were utilized in the simulation included QNAT, RATIO, EXCH,
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IOPROW, RPL, RPS, and LBRCST (cost of labor in U.S. dollars 
per metric ton of output).

These simulations covered the period from 1986 to 2000. 
In addition to a base case scenario, a hypothetical business 
cycle, an optimistic scenario, and a pessimistic scenario 
were examined. The results follow.

Base Case
In this scenario, the explanatory variables were 

adjusted as follows:
QNAT = 1.03*QNAT(-1)
RATIO = 100 
EXCH = 1.00
IOPROW = 1.02*IOPROW(-1)
RPL = 1.01*RPL(-1)
RPS = 100
LBRCST = 0.995*LBRCST(-1)

The results are shown below.

YEAR CONS PROD NEXPO RPR
1986 434.009 740.783 306.775 214.22
1987 449.156 755.714 306.558 221.951988 462.111 768.894 306.784 222.521989 479.337 786.669 307.333 223.241990 497.014 805.117 308.103 223.981991 515.220 824.241 309.020 224.721992 533.986 844.023 310.037 225.46
1993 553.328 864.450 311.122 226.19
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1994 573.264 885.517 312.253 226.92
1995 593.811 907.227 313.417 227.65
1996 614.988 929.592 314.604 228.37
1997 636.814 952.622 315.809 229.09
1998 659.308 976.335 317.027 229.80
1999 682.491 1000.747 318.255 230.51
2000 706.383 1025.876 319.493 231.22

Business Cvcle
In this scenario, the explanatory variables were 

adjusted as follows:
QNAT = 1.03 *QNAT(-1)
RATIO and EXCH were assigned the following values

YEAR RATIO EXCH
1986 98 1.05
1987 99 1.10
1988 101 1.20
1989 104 1.25
1990 103 1.20
1991 102 1.20
1992 100 1.15
1993 98 1.10
1994 96 1.10
1995 95 1.05
1996 97 1.10
1997 98 1.10
1998 100 1.15
1999 101 1.15
2000 100 1.10

RPL = 1.03*RPL(-1)
IOPROW = 1.025*IOPROW(-1) 
RPS = 1.01*rps(-1)
LBRCST = 0.995*LBRCST(-1)
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The results are shown below.

YEAR CONS PROD NEXPO RPR PFOR
1986 412.744 724.427 311.683 216.32 206.02
1987 437.420 757.055 319.635 226.26 205.69
1988 470.472 805.158 334.685 229.30 191.08
1989 518.302 868.320 350.018 232.61 186.08
1990 523.984 880.733 356.749 236.45 197.04
1991 529.924 892.163 362.239 240.08 200.06
1992 525.910 888.425 362.515 243.92 212.10
1993 522.352 881.733 359.381 247.81 225.28
1994 519.363 877.850 358.488 251.77 228.88
1995 527.575 882.214 354.639 255.82 243.63
1996 568.271 926.016 357.745 259.74 236.13
1997 599.043 960.124 361.081 264.12 240.11
1998 640.875 1009.898 369.023 268.44 233.43
1999 672.793 1048.413 375.619 273.06 237.44
2000 683.996 1060.942 376.946 277.94 252.67

Optimistic Scenario
In this scenario, the explanatory variables were 

adjusted as follows:
QNAT = 1.035*QNAT(-1)
RATIO = 100 
EXCH = 1.00 
IOPROW = lOPROW(-l)
RPL = 1.01*RPL(-1)
RPS = 100
LBRCST = 0.99*LBRCST(-1)
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The results for the year 2000 are shown below.

CONS PROD NEXPO RPR
765.363 1100.199 334.835 238.99

Pessimistic Scenario
In this scenario, the explanatory variables were 

adjusted as follows:
QNAT = 1.025*QNAT(-1)
RATIO = 100 
EXCH = 1.00
IOPROW = 1.05*IOPROW(—1)
RPL = 1.03*RPL(—1)
RPS = 1.025*RPS(-1)
LBRCST = LBRCST(-1)

The results for the year 2000 are shown below.

CONS PROD NEXPO RPR
630.773 959.227 328.455 266.25

Discussion of the Results
The results of the simulations appear to be reasonable, 

in view of the factors considered. The high forecast 
anticipates annual domestic production of about 1.1 million 
metric tons B203 by the year 2000, with a domestic 
consumption rate of approximately 765,000 metric tons per
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year. The low forecast predicts production and consumption 
rates of roughly 959,000 and 631,000 metric tons, 
respectively. The base case estimates production and 
consumption levels for the United States in the year 2000 to 
be about 1 million and 706,000 metric tons, respectively. 
These estimates are all somewhat more optimistic than those 
published by the U.S. Bureau of Mines (Lyday, 1985b). The 
Bureau anticipates annual U.S. demand to range between 
approximately 254,000 and 671,000 metric tons by the year 
2000, with a most probable forecast of 526,000 metric tons.

Conclusions
In general, this model seems to work relatively well.

The short-run results are reasonable. The simulations, 
while they tend to be more optimistic than the forecasts 
generated by the Bureau of Mines, are nevertheless not 
outrageously so.

The consumption equation is very good while the other 
two equations are not as useful. Further work may 
eventually lead to significant changes in the price and 
export equations. More data, however, will be needed in 
order to improve on these equations.

This model, therefore, merely represents a starting 
point. Given time and more data, it is probable that a much
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better econometric model could be constructed. Due to the 
nature of this industry, though, it may be many years before 
enough information is readily available to facilitate this 
process.
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Chapter 5 
CONCLUSIONS AND RECOMMENDATIONS

From humble beginnings in the mid-19th century, the 
domestic borate industry has grown substantially and is now 
a significant contributor to the U.S. economy. Uses for 
boron in various forms are numerous and diverse, and new 
applications are continuously being discovered. Because of 
this element's many unique properties, adequate substitutes 
are rare.

All domestic production is currently accounted for by 
two producers. U.S. Borax, the dominant firm, provides 
about 80% of total U.S. supply and controls nearly 90% of 
domestic capacity. The remaining U.S. production is 
provided by Kerr-McGee. Until April 1986, a third firm, 
American Borate Company, also supplied the market with 
domestically produced borates.

Although total domestic consumption is lower than the 
quantity supplied by U.S. producers, only about 80% of U.S. 
consumption is from domestic sources. The remaining 20% 
comes primarily from Turkey's government-owned mining 
company, Etibank. The fiber glass industries dominate U.S. 
consumption, accounting for nearly 50% of the domestic 
market. Next in importance are borosilicate glass, soaps
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and detergents, fire retardants, agriculture, and vitreous 
enamels, frits, and glazes. Other minor uses abound, 
although each of these individually accounts for only a 
small fraction of total domestic consumption.

The domestic borate industry can best be thought of as 
a monopoly with a competitive fringe. Barriers to entry are 
relatively high in this market for several reasons. First, 
there are a limited number of unclaimed deposits both large 
and rich enough to be economically mineable. Second, the 
industry exhibits increasing returns-to-scale. Finally, a 
great deal of excess capacity currently exists among the 
domestic and foreign suppliers.

The U.S. is a net exporter of borates. Nearly half of 
all domestic production is exported to more than fifty 
countries around the world. The primary source of imports 
is Turkey, which supplies essentially all of the calcium and 
sodium-calcium borates needed by a number of domestic 
manufacturers. In addition, most of the boric acid which is 
imported also comes from Turkey.

Substitution does not figure prominently in this 
industry. Only three end-use categories show significant 
substitution potential, and this substitution would be due 
to the utilization of different end products, rather than 
through replacement of boron in existing goods.
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Transportation costs have played a prominent role in the 
recent evolution of this industry. Relatively high overland 
transportation cost is primarily responsible for the small 
but growing share of the market held by imports. It is less 
expensive to ship borates from Turkey by sea to the East 
Coast of the U.S. than it is to ship them by rail from 
California.

Prices vary significantly depending on the product. In 
general, the more processing that is involved, the higher 
will be the price. Furthermore, products which are bagged 
for shipment are more costly than those prepared for bulk 
shipment. In 1986, prices varied from $212 per metric ton 
for borax decahydrate in bulk to $2,536 per metric ton for 
bagged lots of anhydrous boric acid. This study used the 
price of borax pentahydrate (in bulk) to represent general 
price trends because it is the most popular product and 
because the trends seen in its price are typical of most of 
the other borate products.

Borates are only slightly toxic to humans and other 
warmblooded animals. As windblown pollutants, they are 
considered no more hazardous than general dust. They are a 
good deal more toxic to plants, however, so adequate 
precautions must be taken at the mining and processing sites 
to prevent groundwater contamination.
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Although the domestic borate industry has exhibited 
healthy growth for many years, there are several factors 
which may eventually contribute to a slowdown in the rate of 
growth. These include the continuing loss of export market 
share to Turkey, the concern with possible health-damaging 
effects of glass fibers, and the effects of substitution.
In addition, there is one major piece of legislation 
currently before Congress that could adversely affect the 
amount of land available for future borate exploration and 
development in the United States. This is the California 
Desert Protection Act of 1986, introduced by Senator Alan 
Cranston.

Two trends should become increasingly evident in the 
future, regardless of the domestic industry's rate of 
growth. First, there will be a growing tendency to utilize 
more colemanite as high-grade sodium borate sources become 
depleted. Second, Turkey's role as a major supplier to the 
United States and the rest of the world will continue to 
grow in importance.

The econometric model which was developed as an aid in 
studying this industry contains three behavioral equations. 
The equations explain the behavior of domestic consumption, 
real price, and net exports. In general, the model works 
reasonably well at explaining industry behavior.
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Several topics may be of interest to those wishing to 
study this industry further. First, it may be possible to 
put together a disaggregated econometric model which 
examines the various components of the industry separately, 
assuming more specific data can somehow be obtained.

Another area worthy of study is the world industry. 
Here, one would be dealing with a duopoly model, with U.S. 
Borax and Etibank as the dominant firms. Given time, it may 
be possible to accumulate enough data to successfully model 
the world industry.

Still another topic worth considering would be a 
detailed study of one or more of the established end use 
areas, such as fiber glass. An extension of this might be 
an examination of some of the potential end use areas. One 
of these which may have a significant effect on borate 
production in the foreseeable future is the possible 
replacement of carbon anodes in aluminum smelters with 
anodes composed of a titanium diboride compound. This 
application could conceivably revolutionize the aluminum 
smelting industry by cutting energy consumption 
substantially (Kaufmann, 1988).
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YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

110

CONS___________ DEFL________EMPL__________EXCH
201.534 0.329 1700 1.00000
217.014 0.338 1700 1.00000
224.901 0.350 1700 1.00000
246.657 0.360 1700 1.00000
254.108 0.378 1700 1.00000
250.790 0.398 1787 1.00000
257.558 0.420 1800 1.00000
255.569 0.444 1800 1.00298
268.712 0.465 1800 1.08571
302.585 0.496 1800 1.19213
276.372 0.540 1800 1.20264
247.256 0.593 1800 1.21415
272.925 0.630 1800 1.15452
353.107 0.673 1800 1.16752
374.150 0.722 1800 1.25200
371.701 0.786 1800 1.29200
348.299 0.857 1800 1.30153
338.050 0.939 1800 1.17916
241.361 1.000 1700 1.10401
309.025 1.039 1400 1.06900
340.136 1.079 2400 1.02501
326.531 1.115 1300 1.01534
WP GWPROW HOUS IOPROW LBRCST

7311.9 5408.8 1561 24.78628 82.09318
7716.6 5697.9 1510 29.26991 79.12782
8128.4 5992.0 1196 31.87917 73.42473
8435.7 6240.3 1322 34.40187 72.92552
8902.7 6618.4 1545 31.02427 66.471879405.7 7056.7 1500 33.00494 67.35970
9870.3 7528.0 1469 31.97025 67.14429
10271.1 7857.3 2085 39.84931 66.41011
10777.9 8224.3 2379 44.39259 64.32201
11477.6 8779.4 2057 44.73460 59.28236
11727.0 9052.6 1353 43.38467 64.33805
11833.3 9178.9 1171 52.61000 68.68458
12383.3 9603.7 1548 53.73023 66.76795
12920.5 9988.2 2002 60.01632 57.91237
13415.6 10344.6 2036 61.44714 56.36285
13854.5 10704.0 1760 23.40443 55.73663
14060.4 10923.7 1313 25.79007 56.40807
14323.2 11079.6 1100 25.72187 59.64180
14361.6 11214.6 1072 24.03733 69.23422
14687.5 11447.8 1712 31.45495 54.66870
15312.4 11840.7 1756 33.01570 88.93759
15484.6 11913.8 1745 36.39141 50.36280
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YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

NEXPO NGNP NPL NPOIL
166.485 649.8 2.81 2.88
169.040 705.1 2.92 2.86
195.640 772.0 3.05 2.88
182.999 816.4 3.19 2.92
216.749 892.7 3.35 2.94
248.842 964.0 3.61 3.09
252.119 1015.5 3.85 3.18
259.950 1102.7 4.06 3.39
286.237 1212.8 4.41 3.39
299.683 1359.3 4.73 3.89
282.177 1472.8 5.21 6.74
299.683 1598.4 5.95 7.67
301.497 1782.8 6.42 8.19
312.925 1990.5 6.94 8.57
332.426 2249.7 7.67 9.00
352.925 2508.2 8.48 12.64
361.905 2732.0 9.17 21.59
326.984 3052.6 10.04 31.77
272.925 3166.0 10.78 28.52
295.964 3405.7 11.27 26.19
309.903 3765.0 11.63 25.88
310.000 3998.1 11.98 24.08
NPS PFOR PRATIO PROD
18.87 194.37691 2.36776 367.888
22.12 189.20119 2.39108 386.055
25.36 195.31429 2.66006 419.664
32.12 189.88889 2.60387 429.656
39.49 195.42329 2.93994 471.441
26.62 185.60303 2.75540 500.509
22.77 196.88097 2.93221 511.138
17.19 185.68539 2.80437 515.51916.76 163.78955 2.76465 552.02917.56 149.16374 2.99959 602.268
28.42 166.37779 3.11002 561.451
44.91 160.77982 2.84213 546.939
45.72 166.74283 2.88324 571.429
44.38 165.57620 3.33804 666.66745.17 156.11586 3.46783 705.669
55.75 181.30754 4.20279 724.717
89.06 167.04153 3.85423 710.204

111.48 185.20973 3.66173 671.202
108.27 200.72282 3.20073 550.567
87.24 199.51543 3.90135 577.778
94.31 207.34444 2.38965 604.989106.46 208.40840 4.20162 576.871
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YEAR OSROW RATIO RGNP RPL
1964 134.064 101.06530 1973.3 8.54103
1965 166.777 103.18308 2087.6 8.63905
1966 191.020 105.33746 2208.4 8.71429
1967 214.678 104.54776 2271.3 8.86111
1968 205.331 105.08174 2365.6 8.86243
1969 232.906 103.87946 2423.3 9.07035
1970 240.672 99.98759 2416.2 9.16667
1971 313.108 99.39200 2484.8 9.14414
1972 365.098 100.87007 2608.5 9.48387
1973 392.743 102.57944 2744.0 9.53629
1974 392.744 98.73029 2729.3 9.64815
1975 482.902 94.67767 2695.0 10.03373
1976 516.009 96.47111 2826.7 10.19048
1977 599.455 98.09363 2958.7 10.31204
1978 635.646 100.33820 3115.2 10.62327
1979 250.521 99.90611 3192.3 10.78880
1980 281.723 97.13223 3187.2 10.70012
1981 284.988 96.46643 3248.7 10.69223
1982 269.569 91.59820 3166.0 10.78000
1983 360.090 92.43411 3279.1 10.84697
1984 390.929 95.85268 3489.9 10.77850
1985 433.560 95.94305 3585.2 10.74439
YEAR RPOIL RPR RPS TEXPO
1964 8.75380 194.37691 57.35563 178.170
1965 8.46154 189.20119 65.44379 183.646
1966 8.22857 195.31429 72.45715 207.325
1967 8.11111 189.88889 89.22221 195.712
1968 7.77778 195.42329 104.47091 225.314
1969 7.76382 185.60303 66.88442 259.579
1970 7.57143 196.88097 54.21429 262.873
1971 7.63514 186.23874 38.71622 262.873
1972 7.29032 177.82796 36.04301 295.002
1973 7.84274 177.82257 35.40322 305.488
1974 12.48148 200.09259 52.62963 290.884
1975 12.93423 195.21080 75.73356 311.293
1976 13.00000 192.50793 72.57143 313.197
1977 12.73403 193.31354 65.94354 342.132
1978 12.46537 195.45706 62.56232 376.145
1979 16.08142 234.24936 70.92875 385.578
1980 25.19253 217.40958 103.92065 389.751
1981 33.83387 218.39191 118.72205 365.351
1982 28.52000 221.60001 108.27000 304.218
1983 25.20693 213.28200 83.96535 320.907
1984 23.98517 212.53012 87.40501 281.6331985 21.59641 211.60538 95.47982 305.215
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EXPLANATION OF THE DATA
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CONS - Domestic consumption in thousand metric tons of 
b2°3

DEFL - GNP deflator (base year - 1982)
EL - Ratio of real price of borax pentahydrate to domestic 

consumption (RPR/CONS)
EMPL - Total number of employees in the industry 
EXCH - Exchange rate (average U.S. $/SDR rate)
GNPRAT - Ratio of real GNP to natural real GNP (RGNP/QNAT) 
GWP - Real GWP for the world in billions of U.S. $ (base 

year - 1982)
GWPROW - Real GWP for the world, excluding the U.S., in 

billions of U.S. $ (base year - 1982)
HOUS - Housing starts in thousands 
IOPROW - Intensity of non-U.S. borate production 

(QSROW/GWPROW)
LBRCST - Cost of labor in U.S. $/metric ton B203 (EMPL* 

RPL*2080/PROD; 2080 is assumed to be the number of 
hours worked per year by each employee - based on 40 
hrs./wk.*52wks./yr.)

NEXPO - Net exports in thousand metric tons of B2O3
NGNP - Nominal GNP for the U.S. in billions of U.S. $
NPL - Nominal price of labor in U.S. $/hr.
NPOIL - Nominal price of oil in U.S. $/bbl.
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NPR - Nominal price of borax pentahydrate in U.S. $/metric 
ton

NPS - Nominal price of sulfur in U.S. $/metric ton 
PFOR - Non-U.S. real price of borax pentahydrate (RPR/EXCH) 
PRATIO - Ratio of real price of borax pentahydrate to real 

cost of labor (RPR/LBRCST)
PROD - Domestic production in thousand metric tons of

b2°3
QNAT - Natural real GNP for the U.S. in billions of U.S. $ 

(base year - 1982)
QSROW - All non-U.S. production in thousand metric tons of

b2°3
RATIO - Ratio of actual to natural real GNP 

[(RGNP/QNAT)*100]
RGNP - Real GNP for the U.S. in billions of U.S. $ (base 

year - 1982)
RPL - Real price of labor in U.S. $/hr. (base year - 1982) 
RPOIL - Real price of oil in U.S. $/bbl. (base year - 1982) 
RPR - Real price of borax pentahydrate (units are U.S. 

$/metric ton)
RPS - Real price of sulfur in U.S. $/metric ton (base year - 

1982)
TEXPO - Total exports in thousand metric tons of B203


