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Foreword for Volume I
Soda ash is an important global commodity with a
strong possibility of increasing demand. For this reason ,
utilization of world sodium carbonate resources into the
twenty-first century will be extremely important. The
First International Soda Ash Conference (lSAC) was
heldJune 10-12,1997 , in RockSprings , Wyoming, the
largest city in Sweetwater County, the heart of the U.S .
soda ash industry. The conference provided a forum for
attendees to discuss , as a group, all facets of the industry
and the resources.

The first group of papers included in Volume I of the
conference proceedings are those concerned with
marketing soda ash and forecasting future trends in the
soda ash industry. Because these papers are relatively
time -sensitive, it was deemed appropriate that these
should be published first. The remaining papers shall be
published in Volume II of the conference proceedings.
The conference organizers would like to express
their gratitude to everyone who contributed to making
this First ISAC a success.

This historic gathering was sponsored by the U.S .
Geological Survey, the U.S. Bureau of Land Management, and the Wyoming State Geological Survey. More
than 300 representatives from 15 countries and 30
states attended the meeting. The conference, stressing
natural deposits of soda ash, featured 33 formal presentations and poster sessions by some of the world's
leading experts in the geology, mining, processing,
marketing, and environmental engineering of sodium
carbonate resources. The date of the conference also
coincided with the 50th anniversary of the beginning of
the Wyoming soda ash industry, which will continue to
be a major source of soda ash for the world.

Dennis S. Kostick
U.S. Geological Survey
John R. Dyni
U.S. Geological Survey, Emeritus
Ray E. Harris
Wyoming State Geological Survey

Editors' preface
We acknowledge the assistance of Fred H. Porter
and Phyllis A. Ranz, cartographers with the Wyoming
State Geological Survey (WSGS) , for their work in
redrafting, revising, or retouching some of the illustrations and photographs. We are especially grateful to
Janet A. Van Nuys, Editorial Assistant with the WSGS ,
for word processing, design and layout of the publication, and proofreading of the manuscripts. Finally, we
thank the organizers and committees of the First International Soda Ash Conference for the funding support
necessary to produce the proceedings volumes.

The editors of the first ISAC proceedings volume
would like to thank all the authors that contributed to
this publication . Most of the papers published here were
also presented at the meeting, and we would like to
thank the authors for preparing not only a presentation
for the meeting but also for preparing a preliminary
manuscript that served as a basis for their article in this
proceedings. We would also like to thank those unnamed people within the authors' organizations that
reviewed the manuscripts before they were submitted
for this volume. Their comments and suggestions certainly improved the overall quality of the papers and
sav ed us much work.

John R. Dyni
U.S . Geological Survey

The papers were reviewed first for technical and
scientific content and then edited for style, language,
and consistency. In some cases, word slides from the
oral presentations were transcribed into text manuscript
and headings.

Richard W. Jones
Wyoming State Geological Survey
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The origin of the u.s. natural and synthetic
soda ash industries
Dennis S. Kostick
U.S. Geological Survey
Reston, Virginia 20192

Abstract
The first International Soda Ash Conference (ISAC) which was held in June 1997, celebrated the
50th anniversary of the Wyoming trona industry. In 1947, or more than one-half century ago, the
Westvaco Chemical Corporation (now known as FMC Corporation) sunk its first mine shaft into the
Green River Basin in Wyoming, and reached the top of Bed 17 for the first time. Since then, more
than 200 million short tons of soda ash has been produced from this mine and the four others that
followed.
To appreciate the significance of Westvaco 's endeavors, we need to recall the achievements and
events that helped shape the history of the U.S. soda ash industry. The history begins in the early
seventeenth century, when the Jamestown settlers needed a source of alkali to manufacture their
glassware, continues through the late nineteenth century, when natural sodium carbonate deposits
were being developed in the West and synthetic soda ash plants were being constructed in the East,
and endures into the twentieth century. Although most of these older operations have shut down
leaving very little physical evidence remaining to show they once existed, their successes and failures
built the foundation of the present U.S. soda ash industry.
Because a comprehensive discussion of each company and facility is beyond the bounds of this
presentation, four of the more important soda ash ventures in the United States will be discussed. Of
the four operations, only FMC Corporation remains.

The

u.s. Geological Survey and the
u.s. soda ash industry

The relationship between the U.S. Geological
Survey and the domestic soda ash industry dates
back to the late nineteenth century. Many industry
and government geologists, chemists, engineers, and
hydrologists have used their technical expertise to
develop the soda deposits of the West and to provide
the knowledge that we take for granted today. Early
geological expeditions prior to the formation of the
U.S . Geological Survey evaluated the economic po
tential of the soda lakes in Nevada and Owens Lake
in California . The first statistical data on soda ash
production was collected by the U.S. Geological Sur
vey. The responsibility of collecting this data was

transferred to the U.S . Bureau of Mines, and then
transferred back to the U.S. Geological Survey in

1996.
Many natural and synthetic soda ash companies
have existed in the United States, as shown in Table
1. Each company has provided soda ash at a time in
U.S . history when the product was in strong demand,
such as during the Industrial Revolution of the late
nineteenth century, World Wars I and II, and the
Korean Conflict. The domestic glass, chemical, and
metals industries relied on a continuous and depend
able source of soda ash for national needs.
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Tabl e 1 History of US natural and synthetic soda ash plants in the Unit ed States, 186 8 to 1997.

Comp any

Location

Dep osit

Start up

Closure

dale

dale

Nameplat e capacity (m illio n short Ion s)
1960

1970

. 150

.150

.150

.300

500

1.2 SO
.55 0

1950

1980

1990

2.550
2.200

2850
2.400

1.300

13 00

1.52 0

2.200

1000

1.850
1.300

Natural soda ash plan Is
Amer ican Potash and Chemical Co rp.'
Califo rnia Alkali Co .'
FM C Wyo ming Co, p.
General Chem ical (Soda Ash) Partners'
Inyo De volop mr-nt Co .'
Na tron Soda Co.'
Natural Soda Product s Co."
.
ada Soda Co.
North American Chemical Co."
O ccidental illk"li Co .
O Ci Chemial Co. '
Pacific Alkali Co."
Permanent" M pt" ls Corp."
Sodium Products (0 ."
Solvay Min prals, Inr "
1 g Soda Ash, Inc "
Union Pacific Alkali Wo rks"
W ashington Sodi um Products Co .
Wes t End Chemical Co. u.
W estern Alkali Cor p.

'' P\

Tron a, CA
Cartago, CA
Green River, WY
Green River, WY
Keeler. CA
Ragto wn . NV
Keeler, CA
Ragtown, N V
Tron a, CA
Schurz, N V
Gr r-r-n River, V'll'
Bartlett. CA
Bartlett, CA
W ilson < ,p,-k, W A
Green River, WY
Gran ger, \N Y

Larami e, WY
Wa rden . WA
Wpstp nd, CA
Gr een River, W Y

Searles Lake (so uth ]
O we ns Lake b outh)
Green Rive-r trona
G rt ~ p.n ~ i \" er tron a

Owens Lake (northeast)
Big Sad" I ake
Owe ns Lake (no rtheast)
li ttle Soda Lak"
Searl" , I.ake (nor thw est)
Doubl e Sr ring> M arsh
Green R. i vt~ r trona
Owens t.ake (northwe st)
Owens t.ake (Wl', t)
Mitchell Lake
G reen River trona

Green River trona
Union Paci fic Lakes
Carb on.ue Lake
Searles l ake (southw est)
Green River bri nes

19 26
191 7
1948
1968
1887
1885
191 2
l B68
19 78
18 86
1962
1926
1947
1936
1982
19 76
1895
19 27
1926
190 7

19 79
1932

1920
1907
1<) :> 2
190 7

.020

1917
750
196B
1950
194 1

NA
194 1
1988
1918

Total natural capacity

.009
.0 22

.0 70

.150

.190

.160

.651

.9 10

2.860

.72 7
.365
.200
.835
.350

.800
.365
.4 10
.700
600

.800
375
.400
.800
600

.750
800
.8 50
.200

750
.800
.900
.240

78 5

.1i O

8.720

11 .900

Synthetic soda ash plants
Amm onia-soda pro cess
Di amond Alkali Co';
Ma thieson Alkali Works , Inc"
M athieso n Alkali Works, lnc.!"
M ichigan Alkali Co .
Pittsburgh Plate Gla, s Co.
So lvay Process Co!'
Solvay Process Co .>'
Solvay Pro ces s CoJ!
Solvay Pro cess CO.h'
Southern Alkali Corp."

Painsville, O H
Lake Charles, LA
Saltville, VA
W yandott e, ,'vII' "
Barberto n, O H
Hut chinso n, KS"
Baton Rouge, LA
Detroit , /'vll
Syracuse, NY
Co rpus Christi, TX

1912
1935
1893
189 2
1900
1908
193 ;
1898
1884
1934

1976
19 75
19 71
1978
19 73
1918
197 5
196 9
1986
19 78

Caustic carbonati on process
Dow Chem ical Co.

Freepo rt, TX

1955

197 0

1.000
.270

.900

,900

. 100

Total synthet ic capacity

5.077

5.665

5_030

Tolal industry capacity

5,728

6.5 75

7,890

9.620

11,900

N A • No t available. No te: This table doe s not incl ude plants that used the elec trolytic process or LeBlanc process.
' Began as Californ ia Tron a Co. in Feb. 17, 1908, w hich w as acquired by American Tron a Co rp. On June 13, 19 13. American Pot ash for med in 1926 and soda ash
pro du. lio n began in 193 1. Bou uht by Kerr·M cG,-,- Che mical Co rp. in 196 7; ceased pr oduction in 1979.
'Owned hv Gr eat v"p" em Elect re-t 'hemical Co ., a subsidiary of Dow Chemical Co . Bought Inyo Develop men t Co . in 191 8 and w as acquired in M ay 1924 by Inyo
Chemic,Ii Co. O pe rated unt il January 1932.
' Formerly pdrt of Allied Corp.; separate d in 198 5. Join t venture with ACI o f Austra lia (1986 ·2 0,% ) and Tosoh of Japan (1992 -24% ).
' Sold to Californi a Alkali Co. in 19 18; proper ty leased to Natu ral Soda Product s Co . in 1922.
' Formed hy Grisw old and t ppc rso n Sept. 22, 1885 . Capacity abou t 1.5ktpy bu t on ly about 4 50 tons produced annually.
"Bankrupt in 1927; sold to receivership and kep t operating un til 1933. Natural Soda Produ ct s reo rg.uiized a, suh sidiarv of M ichigan Alk ali Co. (pari of vvvando ue
Chemical Cor p.). Resumed full prod uc tion by 194 2; <old to ind epe ndent gro up in 19 S0; ende d in June 1g:;2 .
'Sol d by A. Kenyon in 1868 to I-liggins & D uff y, who sold lake to San Francisco group Do e & Do wd . Ne vada Soda Co. wa s proba bly their comp any until abo ut 1879
w hen John Horstmann Co . acqui red facility and o perated unt il 190 7. Produ ced abo u t 300 ton s annually.
"Plant beg..n )ulv 1978. Acquired Ar-iu-, plant of Kerr·M cG ee Chr-mical Co rp. Dec. 1, 1990. O Ci o f Sou th Korea w as 27% partn er; now abou t 7%.
' Formerly Stauffer Chemical Co .: so ld to I\ h6n e-Poul enc of France in 198 7. and to O CI in 1996. Join t venture wi th Unio n Pacific Re>ou rces [49%) and OCi of Sou th
Korea (51 % ).
"Opera ted un til 1944 w hen acquired by Colu rnh ia Southern Che mical Cor p. New plant built and o nstrearn in late·1958. Became subsidi ary o f Pittsbur gh Plate Gla»
Co. on Jan. 1, 196 I . PPG clo sed plant in 196 8.
"Acquired ,1$ ,J division o f Kaiser Aluminum and Che mical Corp.
"Reorg,lllilt'd into Sodac Chemical Co. in 194 I .
" Formerly Tenneco M inE'rals. Join t venture wi th Asahi Glass of Japan (1990-20% ) anel So lvay of 8elgium ( 1992·80%) .
" 80u ght in 198 7 by Soci et' · Nationale Elf Aqui taine of France (100% ).
" Acquired by A merican 500.1, C las> and Chemical Co . in 1899. The Am erican Developm ent Co. and American Native Soda, Glass and Chemical Co. incor porated
in 1898 to develop the soda deposits in Wyoming.
" Formed as the W estend Chem ica' Co.. subsidiary of W estend Consolidated M ining Co . in 1920. Bought by Stauffer Chemical Co . in 1956, wh ich w as sold to Kerr
M cC .,p Chemical Co rp. in 1974.
" Later became D iamond Shamrock Corp.
"B ecarne O lin-Ma thieso n in 1954, and later O lin Co rp.
"Facilitv had two plan ts; N orth plant built in 1892 and South p lant built in 1895.
" Bt'L,lnle p.irt of Allied Chemical and Dye Co. in 1920.
"Du ring Wo rld W ar I, the plant w as leased fro m Kansas Chemical Co. and sold 10 rhe Solvay Process Co .
" Produc tion began September 1934. Ow ned by Pittsburgh Plate Glass Co . and American Cyanamid Co .
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Background
Soda ash in colonial America

To appreciate the significance of the development
of the U.S . soda ash industry, it is important to put it
into historical perspective. The use of soda ash dates
back to about 3500 B.C., when Egyptians used a
natural material found along evaporite lakes known
as "natron" to make glass ornaments. Natron also was
used as a drying agent for preserving the remains of
the Pharaohs and as an ingredient to make a silica
aluminate cement mortar. With the limited sources of
natron, people discovered that certain vegetation
(plants, trees, seaweed, kelp, bamboo, sagebrush,
and straw) could be burned, leached with water, and
dried in pots to recover a potassium-bearing alkali
(called pot ash) that could be used as a substitute for
natron in glass making (Bateman, 1919).

In May 1607 , the first colonists arrived in
Jamestown, Virginia, to establish what would become
the first permanent English settlement. Later that
year, they started what was perhaps the first commer
cial enterprise in the this country-a glassworks that
was run by eight Dutch and Polish glass blowers. Silica
sand from the James River was melted with wood
ashes in furnaces to manufacture various glass articles
that were exported to England; the wood ashes were
probably the remains of the burned timber used to
fuel the furnaces (Moore, 1943, p. 209) . An analysis
of the Jamestown glass showed the following compo
sition : silica, 57 %; lime, 25.8%; potassium, 4 .5 %; and
soda , 1.3%. Reportedly, some soda ash was brought
over from England and sparingly used (Harrington,
1972). By 1617, Captain Argall arrived in Jamestown
and found that the glassworks had deteriorated . By
about 1621, a second glassworks was built primarily
for the manufacture of glass beads, which were made
by Italian workmen sent by the London Company in
England. The beads were traded with the local Native
Americans who prized these ornamental decorations.
The glassworks operated until about 1625 (McKearin
and McKearin , 1989).

Early glassworks were located in the country
where there was an abundance of timber. It was not
long before there were complaints about the destruc
tion of the forests. In 1641, a bill was introduced in the
English Parliament to stop the felling of trees for fuel
ing glass furnaces . After about 1675, glassworks were
built nearer to towns where coal could be obtained
(Moore , 1943, p. 11).
Various wood types yielded different ashes that
had different properties and compositions. The com
position of a typical ash was 50 to 80% potassium
carbonate, 5 to 20 % potassium sulfate, and smaller
quantities of sodium carbonate, potassium chloride,
and other salts (Martin and others, 1916) . The trees
also provided a source of energy to fuel the furnaces
of the glassworks. Production of potash from the
ashes of wood or plants flourished until about 1870,
when mining of potassium mineral salts began in
Germany (Gale, 1919) .

Potash alkali was used in glass making for the next
250 years. Sodium alkali made from Spanish barilla
and other salt-bearing plants was known to have been
imported, but records of quantities and origins are
vague. At this time , England, France, and Scotland
were known to have been producers of sodium alkali.

Soda ash during the
Industrial Revolution

Vegetation from salt-bearing soils (the Middle
East), kelp (Scotland), and seaweed (Spanish barilla)
was so different from that obtained from timber that it
became known as "soda ash " because of the sodium
content. This was the origin of the terms potash and
soda ash . The use of potash or soda ash depended on
the location and supply of natron or potassium-rich or
sodium-rich vegetation . Because the demand for
soda ash was greater than the supply, the price of
soda ash was high. By the end of the eighteenth
century, Spanish producers were raising their prices
month by month. Lord MacDonald of Scotland, who
owned some of the largest kelp beds in that country,
made more than £10,000 annually selling soda ash in
the 1780s (Froman, 1967).

In the late eighteenth century, the Industrial Revo
lution in Western Europe put a strain on the availabil
ity of many raw materials. One of the scarce materials
was soda ash. Because of the Seven Years War with
England and the Napoleonic wars with other coun
tries in Europe, France could not obtain sufficient
quantities of Spanish barilla or other sources of soda
ash . The demand for soda ash led the French Acad 
emy of Sciences in 1775 to offer a large prize of 2400
livres to anyone who could find an inexpensive
method to make soda ash. In September 1791 ,
French chemist Nicolas LeBlanc (1742-1806) devel
oped such a technique at St. Denis that used salt,
sulfuric acid, coal, and limestone. Basically, common
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salt and sulfuric acid were reacted to produce hydro
chloric acid and sodium su lfate, which was roasted
with coal and limestone to produce soda ash and
calcium sulfide . This finished product consisted of 39
to 45 % sodium carbonate, 27 to 31 % calcium sulfide ,
9 to 11% calcium oxide , 5 to 6% unreacted coal, and
minor quantities of sodium sulfate, sodium chloride,
and silicates. The soda ash often was called "bla ck
ash " because of the dark color of the unreacted coal.
Dur ing the French Revo lutio n, his patent and factory
were confiscate d . He only received partial co mpensa
tion for all his work. Napoleon returned his factory to
him, but LeBlan c was unable to raise enough mo ney
to reopen it. A dejected and financ ially ruine d man,
LeBla nc co mmitted suicide in 1806.

late
nineteenth century

In the mid-nineteenth century, a nnual reports writ
ten by the U.S . Department of the Treasury an d
submitted to the Committee on Mines and Mining of
the U.S . Congress described the status of m ineral 
resource activities in the states and territories wes t of
the Rocky Mountains. Some of these reports pro 
vided general observations on occurrences of na tural
sa lts a nd alkali incrustations but included little detail.
Prior to the establishmen t of the U.S . Geologica l
Survey in March 187 9 , several scientific expeditions
mapped a nd co llected info rmatio n on min eral re
so urces that provided some of the first de tailed refer
ences to natural soda as h dep osits (Table 2) . Th e
mo re impo rtant surveys included Clarence King's
Geological Explo ra tio n of the 40th Pa rallel, 18 67 -72 ;
the Lt. George M. Wheeler Survey, 1875 ; a nd the
U.S . Army 's U.S . Geographical Surveys West of the
100th Meridian, 1876 . With the creation of the U.S .
Geo logical Survey in 1879, annual reports were pre
pared fo r Congress on the status of the domestic
mineral resources. T his public ation was known as
Mineral Resources of the United States, the predeces
sor of the Mine rals Yearbook that has been written
each year since 1883 (Ta ble 2 ).

A sma ll and un successful LeB lanc plan t was first
built in England in 18 14. With the repeal of the sa lt
tax, Musp ratt built a co m mercially successfu l opera
tion in Liverpool. Th e process was introduced in Ger
many in 1843 and in Austria in 1851 (Harness and
Coons, 1942) and was at its peak around 188 0; the
process began to decline as the Solvay process (which
will be discussed later) became more popular. The
LeBlanc process was used to a limited extent during
World War I in Europe but had disappeared by World
War II.

Table 2. Chronology of

u.s. Geological Surve y and U.S . Bureau of Mines rep orts! on the U.S . soda ash industry.
Number o f
c ha p te rs writt en

D at es of
cha p ters

N am e of au t ho r(s)

1882
1883·85
1886
188 7
1888·92
1893
1894-1 911
1912
1913·16
1917-20

(unknown )
Joseph D. W eeks
(none)
W illiam C. Day
(none)
R. L. Packard
(none)
(article on Searles Lake by Hoyt S. Gale)
(none)
Roger C. Well s

1921·31
1932·37
1938·39

(none)'
A T. Coons
Paul M . Tyler and A T. Coo ns

1940 -41

Alvin Schallis and A. T. Coon s (1940); w ith
K. G. War ner (1941)
Charles L. Harnesss and
Nan C. Jensen (1942·43);
w ith F. M . Barsigian (1944·46)
G. \N, Josephson and F. M . 6arsigian
Joseph C. Arundale and
F.M. Barsigian (rvtentch}'
Robert T. M acMill an and
An nie L. Mark s (M atillaj3, (1954·57);
wit h James M . Foley (1958·59); and with
Victoria M . Roman (Schreck)', (1960-62)

1942·46

194 7
1948-53
1954-63

Ro c k Springs, Wyoming

3
(none w ritten)

1
(none wri tten)
1
(none w ritten)

Name of cha p te r
Carbon ate of Soda
Glass M aterials
Sodium Salts
Natural Sodium Salts
Potash Salts

(none written)
4
(none w ritten)
6

2

2
5

1
6
10

14

Sodium Salts (19 17); Sodium and Sodium
Compoun ds (19 16); Sodium Co mpou nds (1919·20)
Natural Sodiu m Com pounds and Boron M inerals
Magn esium Com pounds, Brom ine. Calcium
Chloride, Iodine. Sodium Sulfate. 60rates. and
Mi scellaneous Salines
Magn esium Com pou nds and Mi scellaneous Salines
(1940-47)
Mag nesium Compounds and Mi scellaneous Salines

Magn esium Com pound s and M iscellaneous Salines
Salines - Mi scellaneous (1948-5 1); Sodi um and
Sodium Compo unds (1952-80)
Sodium and Sodium Co mpo unds

Th e origin of the U.S . natural and sy nthe tic soda ash industries - Kosti ck
Table 2 continued.
Dates of
chapters

Name of author(s)

1964-65
1966
1967-68
1969
1970-75
1976-77
1978-83

Willi am H. Kerns
(tables only)
Benjamin Petkof
Arn old M. Lansche
Charles L. Klingman
Russell ). Foster
Denni s S. Kostick

1984
1985-present

James P. Searls
D ennis S. Kostick

Number of
chapters written
1
(tables only)
2
1

6
2
6
1

12

Name of chapter
Sod ium and Sodium Compoun ds
Sodium and Sodium Compound s
Sodium and Sodium Compoun ds
Sodium and Sodium Compoun ds
Sodium and Sodium Compoun ds
Sodium and Sodium Compound s
Sodium and Sodium Compounds;
Sodium Comp o unds (198 1·87)
Sodium Compound s
Sodium Comp ound s; Soda A sh and
Sodium Sulfate (198 8); So da A sh (1989-present)

' u.s. Departm ent of the Interior, Ll.S, Geol o gical Survey 188 2·19 23; U.s. D epartment of Com merce, Bureau of M ines 1924-33; U.S. D epart ment
of the Interior, Bureau of Min es 1934·1 995; U.S. Geo logical Survey 1996-.
'B eginning in 1923, sodium salts we re discussed as by-pro ducts of pota sh produ ction, but there wa s no data or infor matio n.
' Ma rried nam es in parentheses.

Sodalake~

Nevada

hectares (16 acres) and occupied a depression that
was approximately 23 meters (75 feet) below the local
ground level, would be the site of the first natural soda
ash deposit to be commercially developed in the
United States.

The first natural soda ash deposit to be commer
cially developed in the United States was a small lake
near the present town of Fallon, Churchill County,
Nevada. As early as 1854, a small station was known
to have existed on the Humboldt Overland Trail that
served as a watering stop for westbound travelers
who were crossing the desolate plains of the Forty
Mil e Desert on their way to California, where gold had
been discovered in 1849 (Paher, 1970). Although
many did not survive the rigors of this region , thou 
sands did brave the long and treacherous journey in
wagons, on foot, and on horseback hoping to find
their fortunes . This station was the beginning of
Ragtown, which got its name from the tattered cloth
ing that the immigrant women washed in the Carson
River and hung on the trees to dry. On August 1,
1854, a settler named Asa L. Kenyon (born April 20,
1830 in Rome, New York) and his wife Catherine
arrived at Ragtown and set up a trading post to sell
provisions and livestock to pioneers continuing their
western journey. The settlement had a population of
between 300 to 500 people, the majority of whom
lived in crude willow houses and tents.

In 1866, a larger lake about 0.8 kilometer (0.5
mile) to the northeast was surveyed. This lake , which
was called Oil Lake (now called either Soda Lake or
Big Soda Lake), covered an area of 108.7 hectares
(268.5 acres), had a diameter of 1.2 kilometers (0.75
mile), and had a depth of 45 meters (147 feet). The
lake may have gotten its name because of the
soaplike feel of the water, which contained carbonate
and bicarbonate; alkaline-water of subterranean ori
gin filled part of the crater. Like Little Soda Lake, this
lake occupied a depression in an extinct, nearly circu
lar volcanic crater, which gently rose above the sur
face of the desert floor. The highest part of the wall
that surrounded Big Soda Lake was 25 .6 meters (84
feet) above the desert floor and was 50.3 meters (165
feet) higher than the surface of the lake. In the late
nineteenth century, the geology and hydrology of the
area was thoroughly examined by the U.S. Geological
Survey (Russell, 1885) . This report stated that the
lake contained an estimated 1.8 million tonnes or
metric tons (2 million short tons) of salts; 388,000
tonnes (428,000 short tons) of sodium carbonate,
310,000 tonnes (342,000 short tons) of sodium sul
fate, and 1.16 million tonnes (1.284 million short
tons) of sodium chloride. Figure la shows an early
land survey of the two lakes done on July 17 , 1865.
Figure lb, a 1951 U.S. Geological Survey topo
graphic map of the area, and Figure Ic, a high
altitude photograph taken in 1980, are shown for
comparison.

In 1855, Kenyon began acquiring land, including a
little oval-shaped soda lake (now known as Little
Soda Lake) about 4 .02 kilometers (2.5 miles) north 
east of Ragtown. At first, he thought the white surface
was ice but soon realized the dry material was a soda
alkali (Angel, 1958, p. 363) . Surrounding the lake
were extensive incrustations of white-colored salts
that accumulated through the evaporation of the lake
water. According to early land records, the name of
this lake was Sal Soda Lake ; when it was surveyed by
the county surveyor, William A. Jackson, on April 29,
1865, it was called Saleratus Lake (Churchill County,
1865). This little lake, which had an area of about 6.5
15
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Figure 1a. S urvey of the so da lak es near Ragto wn ,
Ne vada, J uly 17, 18 65. (Photograp h from C h urchill
Co unty Museum and Archi ve , Fallon , Ne vad a.)
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Figure 1b. Topographic m ap
sh OWing R agto wn (lowe r left)
and th e irrigation supp ly ca 
nals aro und both soda lakes,
1951 . (From U. S. Geologi
cal Survey 1 :62 ,500 -scale to 
poqraphic map .)

Figure I c. H igh-a ltitud e ph o tograph of
th e so da lak es near R agtown , Nevada,
198 0 . (From U.S . G eo log ical Survey.)
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for rail shipment for $9 per ton to San Francisco,
where it sold for about $50 per ton . In San Francisco,
the crude soda was refined and made into sal soda
(also known as washing soda) , sodium bicarbonate,
and caustic soda (Virginia City Territorial Enterprise,
1878); many soap manufacturers and wool mills used
these chemicals. Some of the Virginia City metal
mines consumed from 27 to 36 tonnes (30 to 40 short
tons) of soda monthly in metal refining from the
Comstock Lode. An 1881 listing of people living in
Churchill County showed that B.F. Gray from Illinois
was the superintendent of the Nevada Soda Com
pany operation and that A. Merry was the superinten
dent at the Big Soda Lake facility; G. W. Stone and
Smith, both from Maine, were listed as employees at
the Big Soda Lake operation (Angel, 1958). In the
early 1880s, the Nevada Soda Company was sold to
the John Horstmann Company, which operated it
until its closure in about 1907.

In 1868, Kenyon sold the little soda lake to two
businessmen, Higgins and Duffy, who in turn sold it
to a business group from San Francisco, Doe and
Dowd. The Nevada Soda Company (also later re
ferred to as the Nevada and Pacific Soda Company)
was formed , and a small plant that was erected along
the lake margin annually produced about 272 tonnes
(300 short tons) of crude soda dug from the surface of
the lake bed during the summer.
Photographs taken sometime between 1867 and
1872 by Timothy 0' Sullivan, a noted photographer
during the Civil War and a member of the King
expedition (Clarence King's Geological Exploration
of the 40th Parallel, 1867-72) , showed the presence
of soda along the lake margins. Figure 2 shows Little
Soda Lake as it appeared during this time . A small
wooden structure visible in the background of the
photograph was probably a storage shed for the first
crude soda collected. By 1872, the company claimed
it could produce about 18,100 tonnes (20,000 short
tons) of crude soda annually (State of Nevada,
1873). It is doubtful, however, that this level of pro
duction was ever achieved. Only five men were re
quired to mine 54 tonnes (60 short tons) per month .
At the height of its production , the operation pro
duced between 360 and 450 tonnes (400 to 500
short tons) annually (Russell, 1885).

During the next several years , the production of
crude soda ash became more efficient. In the hot
weather, or summer soda, process, a solution con
taining sodium carbonate and sodium bicarbonate
was pumped into vats lined with clay bottoms and
sides and allowed to evaporate by means of solar
heat. The concentrated solution was sent to crystalliz
ing vats where a deposit of sesquicarbonate accumu
lated by th e end of th e summer season. The thickness
of the material varied from a few centimeters (inches)
to as much as 30 centimeters (12 inches) . As colder

The mined mat erial was loaded on horse-drawn
wagons and taken 40 kilometers (25 miles) to
Wadsworth, Nevada, for $10 per ton and off loaded

Figure 2. Little Soda Lake. One of the members of the King Expedition is in th e middle-left foreground . The arrow points to a
small wooden structure that could have been used to store crude soda. Photograph taken by Timothy 0' Sullivan sometime
bet ween 1867 and 1872. Compare with 190 9 photograph on page 10. (Photograp h from the Nat ional Arch ives.)
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weath er approach ed , the hard sod a was broken up ,
collected, washed, and air-d ried in a stockp ile. After
drying, the soda was heated in a rev erberatory fur
nace and converte d to a pure anhydrou s product. In
the co ld weath e r, o r winter soda , process, sod ium
car bo nate in solution with sodium ch lor ide precipi
tated out as sodium de cah ydrate. Th e salt in solutio n
was dr awn off and disca rded. Th e soda was collected
a nd placed on platforms to a ir d ry to a sodium
mon ocarbonate until spr ing , when the material wa s
ready for sh ipment (Knapp, 1898). Figure 3 is a
panoram ic view of Big S oda Lak e in 1905 showing
the evapo ration ponds on the so uthe rn part of the
lake.

Roc k Springs, Wyo ming

1908 [lett ers from the fil es of the Truckee -Carson
Irrigation District (TCID) (1908a , b; 1909)J, begin
ning in 1908 the gov ernment determined that the
excess water was from the highe r-th a n-no rmal rainfall
ca rried by the Ca rson River 4 kilom ete rs (2.5 miles)
awa y and not fro m their ca nals; therefore , the govern
ment denied any responsibility in th e matter. In th e 26
years be fo re the canals we re built , Griswold noticed
ther e had been a net ga in o f betw een 20.3 a nd 25.4
ce ntimeters (8 and 10 inches) o f water in the lakes'
however, the net increas e had climb ed to 61 ce ntime
ters (24 inches) since 190 6 (TC ID, 1908b ).
S eve ral years went by with both part ies collecting
data and exc ha nging letters. By J anuary 1912, a new
proj ect en gineer with th e Reclamation Service , D.W.
Cole , conceded that the ca na ls did have a direct affect
on the rise of the lake wa ters and sugges ted a se ttle
ment with the owners. He cauti oned Griswold that he
wou ld hav e a hard tim e positiv ely proving th e extent
to which the ca na l wa ters co ntribu ted to the da mage
because the farmers also had respo nsibility of irriga
tion control in the vicinity and th at it would be impos
sible to d etermine the influence from either party.
Although Gr iswold stated that his prop erty was worth
$45 ,000 an d ge nerated an ann ua l income of $3, 5 00,
Cole recommended offering only a fraction of the
va lue as sett lement citing that Griswold would have a
difficult a nd cos tly legal fight if th e ca se we nt to court
(TC ID, 1909 ).

On September 22, 188 5 , the Natr on Soda Com
pan y was incorporated un der California law with Eu
gene G risw old a nd W.O. Epp er son as o wne rs;
Griswold had placer claims on Big Soda Lake since
October 2, 1875 (Natron Soda Co m pany v. United
S tates , 191 3 ). Th ey bu ilt a soda ash facility on the
shallow sou theastern edge of Big Soda Lake. Al
though its capa city was about 1360 tonnes (15 00
s hort tons) of soda ash per year, the operation only
produced a bout 40 8 tonnes (45 0 sho rt tons ) per year
which yielded an average a nnua l profit of $3,500.
During this time period, natural soda ash was being
produced by the Inyo Development Company at the
soda de posi t in Owen s Lake, Californi a and by the
Union Pacific Alkali Works near Larami e , Wyoming,
which had been formed by the Union Pacific Railroad
to produce soda ash at so me lake s it discovered in the
early 1870s (Brow n, 1995 ); the first synthetic soda
as h facility in the United S ta tes went into operatio n
ne ar Syracuse , New York.

In July 1915, at the request of the U.S . Depart
ment of J ustice, the U.S . Geological Survey began a
co mprehe nsive hydrologic investigation of the soda
lake s to compare with the stu dy done by Russ ell
(1885). Th e report co ncluded that Big S od a Lake
rose 4 .7 6 meters (15.62 feet ) between J anuary 1,
1908 , and December 22 , 1915; the rise at Little Soda
Lake was abo ut the sa me . Sin ce 1906, both of the
lakes had risen about 5 .18 mete rs (17 feet). S eepage
loss was measured from the Carson River, ca na ls, and
irriga ted lands; the direct so urce of wat er supply was
from newly irrigated lands d ur ing the no nirrigatin g
season and fro m irrigat ed lands adj acent to the soda
lakes ar ea (Lee and Cla rk, 1915). Figure 4 s hows
Little S od a Lake in 1909.

In 1903 , the newly crea te d U.S. Reclamation S er
vice initiated the Newlands Project, which was a n
effort to tak e more tha n 8 0,940 hecta res (200 ,000
ac res ) of barr en desert land and co nvert it to useful
farmland . Th e Derby Diversion Dam wa s constructed
o n the Truckee River that linked it with the Carson
River via a 50.7 -kilometer (3 1.5- mile) cana l. Diver
sion canals were built to distribute the water through
the area; two that pa ssed close to the two lakes are
show n in Figure 1 b. During the summers of 1906
and 1907, the soda ash operators notice d that the
evapo ratio n of the wat ers from th e lake surface was
considerably below norm al and that the level of the
wat er was actually rising. Th ey a ttributed this to seep
age fro m the ca nal s that migrate d throu gh the soil and
into their lak es. Soon, however, the evapor ation
ponds be gan to flood and the lev ees broke, forcing
both producers to terminate so da as h production.
According to the correspondence between the Recla 
mation Service and Eugen e Grisw old which began in

The Natron Sod a Comp an y and th e John
Horstmann Company sue d th e U.S. government on
Jun e 25 , 1917 for a total of $205, 000 in the U.S.
Court of Claims in San Fran cisco . Th e case was de 
cided on April 7, 191 9 , when th e jud ge ruled in favor
of the gove rn ment (Co urt of Claims of the United
St at es, 191 9) . Th e decis ion wa s appealed to the U.S .
Supreme Court, which decided o n Novembe r 21
1921, th at the gov ernment was not liable for darn 
18
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Ro ck Springs, W yoming

Figure 4. Little Soda Lak e in 1909 from th e same location as Figure 2. (Pho tograph from C h urchill Co unty Museum an d A rchive,
Fallon, N e vad a)

Becau se the governme nt had no prior knowledge
that their ca nal project wo uld adve rsely affect the
soda lakes, bot h companies lost their bid to recover
da mages. It is a n interes ting not e that the first co m
merci al soda ash ope ra tio n in the United States be
ca me invo lved in a landm ar k U.S . S up rem e Co urt
case.

ages. On e major determinin g factor was the right -of
way agre ement that Mr. Grisw old an d Mrs. Hattie
Epp erso n had signed with the U.S . govern ment on
December 4, 1904. At the time, the U.S. govern ment
ne ed ed access onto their property to dig the diversion
ca na ls, a nd it seeme d like a logical request. Nobody
was aware o f the potential wat er probl em s that would
arise in the ne xt co uple of years with thes e ca nals.
The agree me nt (TCID , 1908 a ) co ntaine d the foll ow 
ing claus e:

It has been 9 0 years since the so da ash facilities
were ab a ndoned and flood ed , a nd the level o f Big
Soda Lak e is more than 15 .2 meters (50 feet) higher
today than it was in 1885 wh en detailed measure
ments we re first taken. T hrough the ye ars , the memo
ries have fad ed about the ev ents an d the peopl e
associat ed with Little S oda a nd Big S oda Lak es a nd
th e part th ey play ed in th e history of th e U.S. soda ash
industry. In 197 8 , however , peopl e bega n telling sto
ries abo ut what was hidden in the mu rky dep ths of
the lakes. At the request of the Churchill County
mu seum, local divers Keith Chesnut, Ed Glass, a nd
Mike Ans ot egui volunteered to ex a mine the bottom
of Big S oda La ke to see if there was a nyth ing of
historical significance (Taylor, 1987 ). Photographs
wer e taken sho wing the remains of buildings, a sta 
tion ary boiler (Fig ur e Sa) , kilns (Fig ur e Sbl , a nd

It is furth er ag reed that in co nside ration of
the premises the first party releases the sec
ond part y from all claim s for dam ages fo r
e ntry, survey, o r construction of said works.

S olicitor-General Bec k issu ed a statement (Bulle
tin, 1921) that said the case set a precedent becaus e:
Th e d ecision lays down th e prin ciple that
the gove rnment is not liable for all actu al
damag es resulting f ro m public improv e
m en ts, but on ly for such damages as ine vi
tabl e to result and whic h, with du e diligence
and exp e rt study, co uld have been antici 
pat ed.
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other equipment. In 1982, a de tailed un derwater ar
cha eological surve y mapped these location s. An effor t
was started in the 1980s to nominate the site to the

Nation al Register of Histori c Places; however, the
mome ntum re portedly has waned. The operations
may be gone, but they will never be forgotten.

Figure Sa . Diver examin ing the rem ains of a boil er at the bottom of B ig S oda L ake .
Un der wat er ph otograph tak en at the re quest of the C hu rchill Cou nty Mu seum.
(Pho tog rap h f rom Church ill Co u nty Mu seum and A rchi ve, Fallo n, N eva da.)

Figure 5b. Div er swi m m ing past p art of a furn ace at th e bott om
of B ig S o da Lake. Un d er water ph ot ograph taken at the
re qu est of th e C h urchill Co unty Mus eum . (Photograp h from
C hu rch ill Coun ty Museum an d Archive , Fallon, N ev ada.)
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Rock Springs, Wyoming

Owens Lake, California
The Inyo Development Company constructed a
plant north of Keeler that began producing crude
soda during the winter of 1885-86 under the direction
of L.FJ. Wrinkle, a mathematics professor at the Uni
versity of Nevada (Dub, 1947). Figure 6 shows a
view of the plant that was taken about 1910. The first
results were disappointing because of the lack of ex
perience of the people involved. Dr. Thomas Marean
Chatard, who was a noted chemist with the U.S .
Geological Survey in Washington , D.C. , visited
Owens Lake during the summers of 1886 and 1887
and was permitted to collect and analyze samples of
the lake water. In July 1886, Wrinkle obtained the
services of a man named Browning, who had worked
at the Ragtown soda lakes and was experienced in
constructing evaporation vats (Wrinkle, 1886). Frank
Gray, who also came from Ragtown, was hired to
manage the operation when commercial production
began in the summer of 1887. This is probably the
same Mr. Gray who was referenced earlier as the
operation supervisor of the Nevada Soda Company
at Big Soda Lake in 1881.

One of the earliest surveys of Owens Lake in Inyo
County was done in 1856 and 1857 by A.W von
Schmidt, who established a meander line around the
shore; this line has been used as a base in many
subsequent surveys. Despite the dangers and difficul
ties encountered by the early pioneers in that part of
the West, several important mineral locations were
found for salt, soda, and borax as early as 1865 (Dub,
1947). Although John Wemple Searles first recog
nized the economic importance of borax in 1862, it
was not until 1873 that he and his brother Dennis
formed the San Bernardino Borax Mining Company.
In 1908, the California Trona Company was formed
to produce soda ash by using the old equipment from
the Searles' borax plant. The operation was never
successful. The first soda ash produced at Searles
Lake in Trona, California was in 1931 by the Ameri
can Potash and Chemical Corporation (Moulton,
1981).
Dr. Oscar Loew, who was a member of the
Wheeler Survey in 1875, was perhaps the first to
recognize the importance of finding sodium carbonate
present in Owens Lake. He estimated that the deposit
contained 20 million tonnes (22 million short tons) of
dissolved sodium carbonate, enough to supply the
United States for about 100 years (Chatard, 1890) . At
the time, the lake was 27.4 kilometers long by 14 .5
kilometers wide (17 miles long by 9 miles wide) at its
greatest width and had a total surface area of 285
square kilometers (110 square miles); its greatest
depth was recorded at 15.5 meters (51 feet).

At the beginning of warm weather, the evaporation
ponds were filled with lake water. After evaporation,
the brine reached a certain density, and trona began
to crystallize on the bottom of the ponds. The mother
liquor was often replaced with fresh lake water when
other salts began to form. The ponds were drained
around October 1, and the three-quarter inch layer of
trona was harvested. Some of the trona was sold as
crude soda, and the remainder was processed into a
95% pure soda ash product by heating it in a rever
beratory furnace to drive off the water of crystalliza
tion and the excess carbon dioxide present in the
sodium bicarbonate. The finished product was
ground to produce a more dense material preferred
by glass producers.

The fortunes made from the gold and silver mines
of the Nevada Comstock Lode prompted investors to
extend the rail lines to the south into the Owens Valley
where prospectors were making discoveries of other
minerals. In 1880, the Central Pacific Railroad in
Reno connected with the Virginia and Truckee Rail
road at Mound House, Nevada, which linked up with
the narrow gage Carson and Colorado Railroad to
reach Keeler on the eastern shore of Owens Lake in
August 1883 (Ver Planck, 1959). The owners of the
Carson and Colorado Railroad were D.O. Mi11s of
New York and H.M. Yerington, who saw an opportu
nity to ship more than precious metals. After hearing
about the abundance of sodium carbonate in Owens
Lake and the growing demand for soda ash in the
West, Mills and Yerington formed the first soda ash
company in California-the Inyo Development Com
pany-on April 2, 1885.

In November 1887, Chatard wrote to Yerington in
response to a job offered to him the preceding sum
mer. Apparently, Chatard had been asked to take
charge of the operations because of his technical
expertise (Chatard, 1887) . He would be paid $3 ,000
per year and 1000 shares of stock for his past services
(Chatard, 1888b) and was told to keep the matter
private. Chatard was prepared to resign from the U.S.
Geological Survey in January 1888 and go to Keeler
by March 1 but wanted confirmation from Yerington
about the job (Chatard, 1888a). Wrinkle was furious
that Chatard was being offered a job and implored
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Figure 6. Th e Inyo Development Comp any plant north of Keeler, California, about 1910. (Photograph from Eastern California
Museum , Indep endence, California.)

nect ed to the news story, espe cially wh en he found
o ut from Mills that the Sa n Francisco Examin er car
ried a sto ry about Ow ens Lake (with the information
purportedly furnished by Wrinkle) that was used as
the ba sis of the New York article (Ch atard , 1888c).
Although his opportuni ty to join the Inyo Dev elop 
ment Company was go ne , C ha tard remain ed with the
U.S . Geological Survey an d publi sh ed the res ults of
his scientific investigation s of Owens Lak e in a co m
prehensive report (Chatard , 1890).

Yerington not hire him, sta ting that Chatard was "a
mere lab oratory chemist, inexp erienced in the manu 
factur e of soda ," that he was "dumb as a n oyster"
about how to crush the crude soda, and that "if he
was any great shakes he would not be in a subo rdi
nate position in Government emp loy at $ 120-pe r
month " (Wrinkle , 1888) . Wrinkle obv iously regarded
Chatard as a threat to his ow n position as supe rinte n
dent and wanted to discred it him.
Without warning, Chatard was notified by a tele
gram from Yerington (Yerington , 1888) and told not
to resign his job at the U.S. Ge ological Survey. App ar 
ently a n article had been written in a New York news
paper on J a nu ary 21 , 1888 that qu oted Ch atard as
sayin g he was quitting his gove rn ment job a nd going
west, which Yerington wanted kept secret. C hatard
also allegedly discussed the "drying out of the lake ,"
which Yerington interpret ed as negative publicity
a bo ut his ope ra tio n. An appeal was made to D.O .
Mills, Yerington 's partner. In a letter se nt to Mills,
Chatard ada ma ntly denied talking with reporters but
conceded that some newspapermen in Wash ington,
D.C. could have found out ab out his plans to lea ve
the U.S . Geological Survey becau se it was common
knowl ed ge within the organization (Chat ard , 1888b) .
Chatard suspec ted that Wrinkle was someho w co n

S od a as h o n a 48 to 55% alkali basis sold in 188 9
for $ 15 per ton , f.o .b. Keeler , o r $25 per to n in
ca rloa d lots in S an Fran cisco . Imp orted so da ash from
England was selling for $2 9 .75 per ton in Sa n Fran 
cisco. Communication betw een Eugene Griswold,
president of the Natron S oda Company at Big Soda
Lake at Ragtown, Nev ad a , an d H. W. Yerington sug
gested that both compani es excha nge d soda products
and information to improve the quality of their respec
tive products (Griswo ld, 1888) . Both we re no w com
peting not o nly with imp ort ed soda ash on the West
Coast, but synthetic soda as h, which had been first
produced at Syracuse, New York in 1884. Becau se
rail rates from Kee ler to St. Loui s a nd Ch icago were
$ 10 per ton , no natural so da as h co uld econo mica lly
be shippe d to the Midwest (Wrinkle , 1890).
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did anything with the operation (Ver Planck, 1959) .
In the next few decades, seve ral more soda ash com
panies built plants alon g the margins of Owens Lake.

L.FJ. Wrinkle rem ained the superintendent of op
erations for the Inyo Development Company into
1893. Sometime before 1904, his son Noah Wrinkle
assumed the position but resigned in July 1907 citing
family responsibilities and a desire to leave the area
(Wrinkle, 1907). In 1908, he was s ucceede d by FE .
Fritsche, who was suc ceeded by FL. Young in 1909.
Noah Wrinkle did not leave the area but instead
formed the Natural Soda Products Company in 1912;
it stayed in operation until 1927.

Production of natural soda ash from Owens Lake
could not keep up with the increased domestic de
mand caused by World War II and the Korean Con 
flict. Beginning about 1950, competition from the
new natural soda ash venture in Green River, Wyo
ming also contributed to the decline in soda ash
production in th e West. Th e last plant to produce
refined soda ash at Ow ens Lake was the PPG facility,
which closed in 1968 (Table 1). Lak e Minerals Cor
poration, which is a joint venture between Cominco
American and Vulcan Chemical Company, continues
to harv est crude sodium salts from the surface of
Owens Lake.

By 1900, the lnyo Development Company had an
annual capacity of about 9072 tonnes (10,000 short
tons) and employed about 150 workers during har
vesting season. Figure 7 shows some workers using
picks and shovels to harvest the crude tron a from the
ponds and pushing wheelbarrows to haul it to the
plant. By 1914, the demand for water in Los Angeles
and oth er cities required the construction of the Los
Angeles aqueduct, which diverted water from the
eastern side of the Sierra Nevada in the Ow ens Valley.
For the next sev eral years, Owens Lake was drying
up, which concentrated the level of sodium carbonate
in the lake waters. In 1918, the company was so ld to
the California Alkali Company, w hic h had co n
structed a soda ash plant in Cartago, California in
1917. The Inyo Development Company's facility oper
ated until 1920, and the property was leased in 1922
to the Natural Soda Products Company, wh ich never

Since Owens Lake became a dry lake bed about
75 years ago, th e airborne particulate matter that has
blown from the dry lake surface has caused respira
tory and air pollution problems that exceed the re
quirements of the Clean Air Act. The air pollution
control managers of Ow en s Valley and Inyo County
hav e developed a mitigation plan that would force the
Los Angel es Department of Water and Power to re
store part of the water back to Owens Lake (Booth ,
1997). This action would result in the flooding of this
deposit, which could affect its economic potential

Figure 7. Workers using picks and sho ue/s to haruest the crude trona from the e uaporation ponds at Owens Lake, California.
(Photograph from Eastern California Museum, Independence, California.
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flooded the lakes, and production from Owens Lake
declined because a water diversion project dried up
the lake. Water irrigation projects also caused the
closure of two soda ash plants in Washington in 1941 :
the Sodium Products Company at Mitchell Lake and
the Washington Sodium Products Company at Car
bonate Lake.

because many companies continue to regard Owens
Lake as a viable economic resource compared with
other deposits in the world.
Water has played an important, if ironic , part in the
history of the first natural soda ash operations in
Nevada and California. Production from the Ragtown
soda lakes ended because a water diversion project

Syracuse, New York
Origin of synthetic soda ash

technology and construct an ammonia-soda plant at
Winnington , Cheshire, England. The agreement be
tween the two was signed September 23 , 1872.
Mond and his friend and financial partner, John
Tomlinson Brunner, formed Brunner Mond and
Company in 1873, and the first English soda ash plant
came onstream in 1874 (Dick, 1973). Synthetic soda
ash production using the ammonia-soda process was
now firmly established in Europe.

Fresnel, the French optician, is credited with dis
covering the chemical reaction of the ammonia-soda
process in 1811 but was unable to implement his idea
fully. By this time, the LeBlanc process was in its
infancy in Europe. In 1838, two Englishmen,
Harrison Gray Dyar and John Hemming, obtained a
patent for treating brine with carbonate of ammonia
and a subsequent patent was issued to Delaunay in
1839. Dyar and Hemming built plants in Whitechapel ,
England, but after two years they were unable to
commercialize the chemical process successfully and
abandoned their project in frustration (Cominolli,
1990). The introduction of carbon dioxide in gaseous
form was patented by Canning in 1840. In 1852,
Crinus, a Frenchman, succeeded in recovering the
gas liberated by the calcination of sodium bicarbon
ate . That same year, Chisholm patented the distilla
tion of ammonium chloride with lime and the subse
quent absorption of the gas in brine (Martin and
others, 1916). By 1852, all of the chemical reactions
necessary for synthesizing soda ash were known .
Ernest and Alfred Solvay, sons of a Belgian salt manu
facturer, became the first to incorporate successfully
all the concepts and equipment necessary to develop
the ammonia-soda process. On April 15, 1861, they
received a patent for manufacturing soda ash by using
salt, limestone, ammonia, and coal. The secret to their
success was the addition of carbonating towers in the
process. With the financial backing of Eudore Primez,
Ernest formed Solvay and Company in 1863, con
structed a plant at Couillet, Belgium in 1864, and
began operations in January 1865. By 1866, the
plant was producing 1.5 tonnes of synthetic soda ash
daily. By 1872, production had increased to 10
tonnes per day. The success of the Couillet facility led
to the construction of a second plant in Dombasle,
France. This was the beginning of the ultimate
displacement of the more expensive LeBlanc soda
ash process.

Synthetic soda ash
in the United States
In February 1879, William B. Cogswell heard a
presentation titled "The Manufacture of Soda by the
Ammonia Process," by Oswald J . Heinrich in Balti
more, Maryland, at the American Institute of Mining
Engineering. Heinrich cited the following advantages
of the ammonia-soda process over the LeBlanc pro
cess: fuel economy, low production costs, and
smaller investment (only one-tenth of the amount
required in the LeBlanc method) . The industrial
growth after the Civil War in the United States caused
the demand for soda ash to increase. Rather than
relying on soda ash imports to supply the needs of the
East Coast glass, detergent, and chemical manufac
turers , Cogswell obtained letters of introduction from
Heinrich, and sailed to Europe to meet with the
Solvays about using their process in the United
States. Unfortunately, the Solvays had an earlier bad
experience with a boisterous American promoter who
"p la nted his cowhide boots against Alfred Solvay's
walnut desk, tilted back his chair, and proceeded to
lay down the terms upon which he would make the
Solvays a 'blooming, everlasting fortunc '" (Haynes,
1940) . Consequently, the brothers refused to see
Cogswell. In time, however, Cogswell 's knowledge,
courtesy, and tact won the respect of the brothers
who agreed to provide their technology in exchange
for the right to subscribe to one-third of the stock
(3000 shares at $100 per share) and one half of the
profits after 10 % dividends had been declared to the
stockholders (Cominolli, 1990) .

In April 1872, Ernest Solvay was contacted by
Ludwig Mond, who wanted to license the Solvay
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In the fall of 1881, the Solvay Process Company
was incorporated in New York for the purpose of
constructing the first synthetic soda ash plant in the
United States. With a capital of $300,000 (one-third
supplied by the Solvays and two-thirds supplied by
Hazard, Cogswell, and a few of their friends in Syra
cuse), Rowland B. Hazard, William B. Cogswell, Will
iam A. Sweet, Earl B. Alvord , and George E. Dana
began building the plant in September , 1881 on a
20.2-hectare (50-acre) tract in Geddes, which was
about 4.8 kilometers (3 miles) west of Syracuse. The
site was selected because of the availability of salt,
limestone, and coal, which were the essential raw
materials. Also, the location provided access to the
New York Central Railroad and the Erie Canal to ship
the finished product to customers. The first major
problems were the lack of qualified workers and blue 
prints for construction . Because Cogsw ell and William
L. Neill, who was the first employee hired by the new
Solvay Process Company, could speak fluent French
and German, they traveled to Dombasle, France in
the winter of 1881-82 to work as apprentices to learn
how to make synthetic soda ash at the Solvay plant.
When Cogswell returned in the spring of 1882, he
began recruiting chemists and engineers to operate
the Syracuse facility; Edward N. Trump became the
chief engineer. In April 1883, Neill was joined in
France by Henry Cooper, John Bodot, and J . William
Smith, who also learned the science of making soda
ash from their European masters.

Rock Sp rings , W yoming

by expanding the facility. The expansion was com
pleted in February 1886 and raised the annual soda
ash capacity to nearly 40,800 tons (45 ,000 short
tons) . Figure 9 shows the Syracuse plant and the Erie
Canal about 1913.
In 1869, which was before the Syracuse plant was
built, the United States imported 59,578 tonnes
(65 ,674 short tons) of soda ash that sold at $39.55
per tonne ($35 .88 per short ton). The selling price of
Syracuse soda ash in 1885 was $29.30 to $30.63 per
tonn e ($26.58 per short ton to $27.79 per short ton) ,
with 58% sodium oxide, whereas the price of im
ported soda ash that year declined to $25.90 per
tonne ($23.50 per short ton) (Day , 1888). Soda ash
production at Syracuse in 1885 was 15,240 tonnes
(16 ,800 short tons) and total imports of soda ash ,
primarily from England, were 118,357 tonnes
(130,466 short tons) . In that same year, England
produced 266,267 tonnes (293,509 short tons) of
soda ash; 187,493 tonnes (206,675 short tons) of
soda ash by the LeBlanc process and 78,775 tonnes
(86 ,834 short tons) by the ammonia-soda process. If
almost all the U.S. imports were from England, then
the United States consumed 44% of England's total
output. During the next decade, however, imports
steadily declined as domestic soda ash production
increased.
By the mid-1880s, natural soda ash production
had begun at Owens Lake in California, and was at its
peak at the soda lakes in Nevada; however, the out
put from these operations remained in the West be
cause of the distance to eastern ma rkets . In 1887,
U.S. consumption of soda ash, by end use , was esti
mated at glass, 25 %; sodium bicarbonate and sal
soda, less than 25 %; paper manufacture, 20%; soap
and chemicals, nearly 20 %; and other uses, 10%
(Day, 1888) . In 1898, only 39,936 tonnes (44,022
short tons) were imported from England. At its annual
meeting on March 17, 1899, the United Alkali Com
pany, Ltd., of Liverpool, England , met to discuss the
problem of decreasing exports to the United States
(Rothwell, 1899).

The first attempt to make soda ash at the first
synthetic soda ash plant in the United States coin
cided with the night of the company's first official
accident. At 11 :00 p.m . on Tuesday, January 8,1884,
several men almost suffocated to death from the car
bon dioxide gas co ntained in the carbonating towers.
Cooper and Cogswell were hurt, and one man in the
tower died (Cominolli, 1990). The operation officially
began on January 10, 1884. Out of a possible 355
days that year, the facility actually ran for 332 days
and produced about 11,160 tonnes (12 ,300 short
tons) of 58% alkali. Later in the year, the first officers
and staff of the Solvay Process Company posed for a
group photograph with several officials from Europe,
including Ernest Solvay and John Brunner (Figure
8). The first year of operation was not without its
problems. At 4:10 a.m . on January 13, 1885, an
improperly vented iron distilling vessel exploded and
destroyed the roof of the main building . Of the 50
men who were subjected to falling debris , corrosive
fumes, and scalding chemicals, only ten were injured
and one died from ammonia inhalation. The accident
forced the temporary closure of the plant for 30 days.
In early 1885, plans were made to double the output

The Solvay Process Company constructed three
more synthetic soda ash plants in United States dur
ing the ne xt several years: Detroit, Michigan (1898),
Hutchinson , Kansas (1908) , and Baton Rouge, Loui
siana (1935) . Writing about his 50 years in the alkali
industry, Edward Trump in 1933 believed the Solvay
Process Company was perhaps the first American
company to reduce shift work from 12 hours to 8
hours, and provide accident, health, and old -age pen
sion plans (Trump , 1933) .
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Figure 8. The first officers and staff of the Solvay Process Company, Syracuse, New York, and European and other Am erican
officials , 1884 . 1. William B. Cogswell, Gen eral Manager; 2. Edward Hannon , Solva y and Cie, Belgium ; 3 . Edward N. Trump,
Chief Engineer; 4. Rowland G. Hazard, Vice President; 5. Ernest Solvay, So lvay and Cie, Belgium; 6. John Brunner, Brunner
Mond and Company, Winnington , England; 7. Rowland Hazard, President; 8. John Wing, Wing and Evans , New York; 9.
Frederick R. Hazard, Secretary; 10. J. William Smith , Engineer; 11. Henry R. Cooper, Engineer; 12. Baron Vanderstratten,
S olvay and Cie, Belgium; 13. Nathaniel T. Bacon ; and 14. Edmond Solvay, Solva y and Cie, Belgium . (From Allied Chemical
Company, now known as General Chemical Corporation.)

business, including Diamond Alkali Company (later
renamed Diamond Shamrock Corporation), Mathi eson
Alkali Works, Inc. (renamed Olin-Mathieson ; later
Olin Corporation) , Michigan Alkali Company (re
named BASF Wyandotte Corporation ), Pittsburgh
Plate Glass Company (later known as PPG) , and
Southern Alkali Corporation (owned by Pittsburgh
Plate Glass Company and American Cyanamid Com
pany). Dow Chemical Company also operated a
caustic carbonation plant in Freeport, Texas . By
19 39, ten Solvay plants were in operation in six states
throughout the nation. Competition from the natural
soda ash operations in California and Wyoming, the
costs to implem ent pollution abatement equipment
mandated by environmental legislation , and rising
energy costs ultimately were responsible for closing

The company expanded into other chemical enter
prises and formed sister companies, such as the
Semet-Solvay Company, and General Chemical
Company, which were consolidated under the name
of Allied Chemical and Dye Corporation on Decem
ber 17 , 1920. The General Chemical Company name
was resurrected prior to the Syracuse shutdown in
1986 wh en Allied Chemical divested itself of its soda
ash and other chemical businesses. General Chemical
continues to operate soda ash plants in Amherstburg,
Ontario, Canada (an ammonia-soda operation) ,
Green River, Wyoming (a trona mine and soda ash
refinery), and so me other chemical plants.
With the demonstrated success of the Solvay pro
cess, oth er companies entered the synthetic soda ash
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Figure 9. The Solvay Process Com pany , Syracuse, New Y ork, seen from across the Erie Canal, 1913. (From A.llied Chemical
Co mpany , now kno wn as Ge neral Chemical Co rporation.)

nine of the ten sy nthetic soda ash plants in the United
States. On September 12, 1981, Allied Ch emical
celebrated the Syracuse plant's 100th anniversary.
After 100 years of operation , the nation 's first syn
thetic soda ash plant had the distinction of being the
last on e.

sumption. Competition fro m the natural soda ash
plants in California and Wyomin g also a ffec ted the
economic position of the Syracuse facility. As a result,
the Syracuse plant was officially closed on January 6,
1986; total shutdown was co mpleted by February
1986. Th e closin g of the 105-year-old plant elimi
nated 1500 jo bs , or about one-third of the residents
of the town of Solvay, and an annual payroll of $46
million. Much of the co mplex has be en dem olished
but parts still stand tod ay as a tribute to this historic
symbol of the U.S . soda ash industry.

Glass production began decreasing after 1980 be
cause of glass recycling a nd the gro wing use of a lum i
num cans and plastic bottles that displaced glass con
tainers. By 1986, 30 glass plants had closed east of
the Mississippi River, thus reducing soda ash con

Green River, Wyoming
Th e presence of alkali had be en known in th e
territory that became Wyom ing since at lea st 1835
when the Reverend Samuel Parker crossed the Roc ky
Mountains and notic ed epsom salts o n the gro und
near Independen ce Rock, Wyomin g. Morm on pio 

n e ers tr aveled a cro ss the territory and found
"swee twa te r," a term fo r the taste of th e wat ers a nd
the nam e of the co unty that contains the majority of
th e tron a resource. Th ey reportedly used the natural
so dium bicarbonate that occurs in the Sweetwater
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River for laundry and medicinal purposes as early as
1849. One of the first famous geological expeditions
in Wyoming was headed by Major John Wesley
Powell, who later became the second director of the
U.S . Geological Survey. Powell and nine other geolo
gists, geographers, and scouts set out from Green
River at 1:00 p.m ., May 24, 1869 to follow the Green
and Colorado Rivers and explore the last great un
mapped part of the continental United States (Powell,
1895) .

Discovery of trona
In the late 1890s, the Green River Fuel and Oil
Company drilled an explo ra tion well near Green
River, Wyoming, and found alkali water at 38 meters
(125 feet) (Brown, 1995). In 1902, The Wyoming
Chemical Company was formed but was sold four
years later to the Western Alkali Company, which
invested $500 ,000 to improve the property. Soda
brines were pumped from three wells and evaporated
in large open-air concrete ba sins. Sal soda crystallized
first. Slaked lime was added to the sal soda and
heated to produce cau stic soda, which was used lo
cally by the Union Pacific Railroad in water softening
and by soap manufacturers in nearby states. Because
the company defaulted on its mortgage, the operation
was sold to FJ. Siegel and Associates of Denver (FMC
Corporation, 1961) in 1908. This was incorporated
into the Wyoming Soda Products Company, which
operated until about 1918.

Early soda ash production attempts
Attempts to produce soda ash in Wyoming from
surface deposits or from underground brine sources
were few and short-lived . Th e Union Pacific Railroad
owned some soda deposits that it discovered in the
early 1870s about 21 kilometers (13 miles) south of
Laramie. They were known as the Union Pacific
lakes, five lakes that had a total area of about 809
hectares (2000 acres). Jay Gould, who was a member
of the Union Pacific board of directors, sent his chief
engineer, tE. Sickels, to Europe to find out how to
mak e soda ash (Brown, 1995) . Although homestead
ing pioneers around the lakes delayed the develop
ment of the deposits , some of the property was leased
to Howard Hinckley, who constructed a plant that
produced 2 tonnes of caustic soda daily by using the
LeBlanc process (Weeks , 1886). Because problems in
the design of the plant caused delays and losses of
caustic soda, the plant operated only from July 1884
to January 1885. Other soda lakes in the region
include the Donney lakes [three lakes with a com
bined area of 210 hectares (520 acres)] located 29
kilometers (18 miles) southwest of Laramie and the
Dupont lakes [four lakes ranging from 2.4 to 809
hectares (6 to 2000 acres) in area and containing
these five claims: the Omaha soda , the Wilkes Barre,
the Wilmington, the New York, and the Philadelphia]
located about 80 kilometers (50 miles) north of
Rawlins. Th e absence of a railway prohibited the
development of these deposits.

On October 29, 1937, Mountain Fuel Supply
Company began drilling the John Hay Jr. No. 1
exploratory well on Federal land to search for oil or
gas . After drilling to a depth of 1622.5 meters (5323
feet), the well was abandoned on January 3 , 1938
because no oil or gas was discovered. William T
Nightingale, who was the company 's ch ief geologist,
noticed a variety of min erals in the drill cores and sent
sections of the cores taken from depths of 485.9 to
487 .7 meters (1594 feet to 1600 feet) to Howard I.
Smith, who was chief of the mining division of the
U.S . Ge ological Survey in Washington , D.C. Al
though trona wa s identified in the cores by Roger C.
Wells (who auth ored the 1917-20 sodium salts chap
ters in reports published by the U.S . Geological Sur
vey ; see table 2), it was the discovery of the new
mineral, s hortite, by Joseph J . Fahey that initially
intrigued the U.S. Geological Survey (Fahey, 1939).
The following two sentences in an ob scure para
graph in Fahey's 1939 article caught the attention of
Robert D. Pike , a consulting chemical engineer from
Pittsburgh (Anonymous, 1953). It sta ted :

The Union Pacific Alkali Works built a plant to
develop th e soda deposits of the Union Pacific lakes in
1895. In 1898, the American Development Com
pany, and the American Native Soda, Glass and
Chemical Company were incorporated to also de
velop the soda deposits in the region . Another co m
pany, the American Soda, Glass and Chemical Com
pany, acquired the Union Pacific Alkali Works and
reportedly began production in 1899 (Rothwell,
1899) .

Massive trona is present at depths of
1325 feet and 1587 1/2 feet, but is not found
associated with the new mineral. At the lower
depth shortite is present in the clay that over
lies the massive trona.
Pike caught the significanc e of this statement and
convinced the Union Pacific Railroad to do some
more exploration . Joseph Fah ey went to Wyoming to
pack and ship th e remainder of the core back to
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After reaching the 457 -meter (1500-foot) level,
workers stood for the first time on top of the main
trona bed , Bed 17; three companies currently mine
this bed. Mining equipment was disassembled on the
surface, lowered down the shaft, and reassembled
below to begin the development of the honey
combed maze of rooms and pillars. After being de
posited more than 52 million years ago , the first
skipload of trona was brought to the surface in late
1947. In the fall of 1948, the Westvaco Chemical
Corporation was acquired by the Food Machinery
Corporation in the fall of 1948.

Washington, D.C., where he finished logging and
identifying the minerals in it. In January 1940, Walter
C. Mendenhall, director of the U.S . Geological Sur
vey , officially announced the occurrence of the Green
River trona deposit (Mendenhall, 1940). Through the
persistence of Pike, who was hired by the railroad at
$500 per month and no expenses, the Union Pacific
Railroad cored two more holes, numbers 1 and 2, in
1940 that confirmed the existence of the trona bed
discovered in the John Hay Jr. No. 1 well. Hole
numbers 3 and 4 drilled in 1942 also confirmed the
existence, analysis, thickness, and depth of the trona
deposit. Senator Joseph C. 0 ' Mahoney of Wyoming,
who chaired the U.S. Senate subcommittee of the
Public Lands Committee, heard about the trona find
and invited Pike to testify on July 23, 1941 about its
importance (Chemical and Metallurgical Engineering,
1941). Pike approached his friend, Dr. Max Y.
Seaton, who was Executive Vice President of the
Westvaco Chemical Corporation, to discuss the op
portunity for developing this deposit despite the fact
that Westvaco was not in the soda ash business.

For the next two years, the company experi
mented with different mining techniques and equip
ment. Figure 10 shows a Goodman 665 ore loader
being delivered in 1949. In 1950, 38,896 tonnes
(42 ,875 short tons) of trona was mined and pro
cessed into calcined trona, which was the first com
mercial product sold . In 1952, the Westvaco Chemi
cals Division of the Food Machinery and Chemical
Corporation (later to be known as FMC Corpora
tion) formed the Intermountain Chemical Company
(Figure 11) , which was Wyoming 's first trona mining
company. The company expanded its operation in
April 1953 to begin producing refined soda ash by a
sesquicarbonate process. The plant, which cost $20
million and employed 325 persons, had a total an
nual nameplate capacity of 272,000 tonnes (300,000
tons).

Although Westvaco became interested in the idea,
actual work on the operation was suspended until
after the end of World War II. Between 1944 and
1946, Westvaco Chemical Corporation drilled three
more wells in the region that showed that the main
trona bed was at least 78 square kilometers (30
square miles) in area. In the spring of 1946, Westvaco
notified the Union Pacific of its intention to sink a
mine shaft and to construct a trona processing plant.
A concrete-lined vertical shaft 3.7 meters (12 feet) in
diameter was sunk during the early months of 1947.

Several people contributed to the success of the
plant during its first year of operation including: c.A.
Romano, resident manager; John Jacobucci, plant

Figure 10. Delivery of a Goodman 665 ore loader to Westvaco Chemical Corporation,
1949. (Photograph from Sweetwater County Historical Museum, Green River.
Wyoming.)
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sup erintendent; A. P M cCue, as
sistant pl ant superin ten de n t; G .B .
G aylord, superin ten den t of un
derground op erations; Rob ert F
L ove, assistant mine supe rin ten
dent; N.E. McDougal, superin ten 
dent o f surfa ce operatio ns; Will 
iam C. Bauer, superin ten den t of
pro cessing eng inee ring ; E.V B ir 
m in gham , maintenan ce su pe r in 
tendent ; and L.K. Marshall, m i n
in g engineer.

Figure 11 . Co nstruction of FMC 's soda
ash plant, 195 2. (Photograph from
S weetwaterCounty HistoricalMuseum ,
Green River, Wyoming .)
For th e next 50 years, FMC expa nded to be co me
th e largest produc er of natura l soda ash in th e world.
It wa s foll owed by four more companies: OCI Chem i
cal Company (formerly Stauffer Chemi cal Company and
Rhone-Poulenc B asic Ch emicals Com pany) in 1962;

G eneral Ch emica l Corp orati on (form erl y Alli ed
C hemical Compan y ) in 1968; T g So da A sh, Inc., in
1976 ; an d Sol vay Minerals, Inc . (formerl y Tenneco
Mineral Com pa n y ) in 1982.

Summary
Th e Greek historian Thu cy did es (ca. 400 B .C. )
on ce stated :

M o nd in 1991 ; th e forma tion o f Ge neral Ch em ical
Corpor ation in 1899, its m erger into Allied Ch emi cal
and D ye Corpora tio n in 1920, and th e rea ppearance
of the name "G ene ral Chemical " in 1985; an d the
rep ort in g of soda ash informati on th at b egan in the
U .S Geologica l Su rv ey in 1882, its tran sfer to the
U .S . B ureau o f Mines in 1924, an d its return to th e
U .S G eological Su rv ey in 1996. Perh ap s Thucydides
wa s ri ght.

I shall be co ntent if those shall pron ounce
my history useful who de sire to have a clear

view both of th e e vents which hav e hap
pened, and of tho se which will some day, in
a/l human probability, happen again in a
same o r similar way .

A n in dustry is m easured by the lega cy it leaves to
th e next generatio n. Th e accomplishments an d fail
ures o f this gen erati on of soda ash prod ucers will b e
m easured by their successors in the tw enty-first century.

In some w ays, history is repeatin g itself. So m e o ld
company names that hav e come an d go ne have be en
resurrected : th e fo rm ation o f Brunn er Mond an d
Company in 1881, its merger into ICI in Ja nuary
1927, and the reappea rance of th e nam e Brunn er
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