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PREFACE

Sulphur, the first chemical element found and used by the cave man,
penetrates many industries. Its adapbability, cheapness, and stable
qualities enhances the mineral's varied industrial uses, Few Americans
are aware of the importance of sulphur and a far lesser number understand
the modern extraction methods and related problems, Ferhaps no other
mineral is more widely used and less recognized than sulphur, which today
is almost wholly supplied by a limited number of mines in the Gulf Coastal
Plain,

The purpose of this study has been to trace the development of sulphur
mining from ancient crude methods to the modern Frasch Process, and the
industry's relation to climatie, physiographic and ecultural factors.,

Government documents and professional publications supplied the
writer with the greatest portion of research material, Personal cobservation,
correspondence and personal interviews carried on by the writer supplements
research material.

The writer became interested in sulphur and methods of obtaining the
mineral, while visiting the Hoskins Mound sulphur mine in 1938, While
serving with the United States Army, in Sicily and Italy, during world
War II his interest became further stimulated when observing sulphur mining
methods in those regions. During 1946 - 1947 he personally visited each
operating sulphur mine on the Gulf Coastal Plain, in addition to each
exhausted mine. Information gathered during these visits made possible a
better understanding of the industry and provided a valuable cellection
of material, part of which entered this study.

The writer sincerely credits the Management of Texas Gulf Sulphur
Company, Freeport Sulphur Company, Jefferson Lake oulphur Company, and



Duval-Texas Sulphur Company for information provided and the courtesy
extended while visiting their mining operations,

The libraries of Oklahoma University, Texas University, Louisiana
State University and Texas Agricultural and Hechanical College have been
most generous in providing research materisl., To Miss Marguerite Smith,
Documents Librarian, Uklshoma Agricultural and Mechanical College, is due
the credit for locating available docusentary material,

The assistance rendered by Doctor Edward E, Keso, Head of the Geography
mmdmmmmmmmmmmma
his staff, especially Professor George J, Corfield who aided in arrange-
ment of this study, is greatly appreciated.

Host important the aubthor acknowledges Lhe constant and patient
assistance rendered by his wife, Amnna Lasura Stroup, who aided in arrange-
ment, composition and typing of the manuscript.

Jdohn I, Stroup
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CHAFTER I
THE ORIGIN AND OCCURRENCE OF SULPHUR
Historical Baciground

Mankind has known sulphur since ancient times. Mention is made of
sulphur in the Bible and in the Homeric poems, being sometimes referred to as
brinstone,’ The komans evidently obtained it in the same way as now, by melt=
ing it out of its mixture of marls, gypsum, and limestone. The Greeks named
it theion; the Homans sulfur. In early times it was used for medicinal
purposes, fumigation, bleaching of linen by the Egyptians, cleaning wine-
casks, for destroying fungus growths in vineyards and orchards, preparing
torches, for cementing glass, and for work on metals.>

During the time of the Caesars sulphur was used in the preparation of
incendiary materials for warfare. History records that the Chinese, during
the time of the great philosopher, Confucius, compounded sulphur with other
substances in the preparation of gunpowder, When the Homan Empire was at
its height, about 50 A, D,, Fliny wrote that there were four kinds of sulphur
and stated also that fourteen medicinal uses were being made of this strange
substance.” Pliny recogniszed and distinguished the four different kinds of
sulphur, evidently differing in purity, by the uses to which they were put.
(a) "Live" sulphur, used in medicine; (b) fuller's sulphur employed in the
preparation of cloth; (e) egula, used in fumigating wool; and (d) that used

1
m Lunge m. Volume 1 (2!!1 ed, rﬂ'.),
Landont Guraey & Jaoon A . 1t ons. 19120, Z1ie.

2 Karl Blumner, Translated by W. C. Phalen, "The Phlogiston Theory."
Treatise, University of Zurich, (1827), p. 23.

3 Luigi Delabretoigne, L'industria Mineraria, Solfifera Siciliana, Torine,
(1925). p. 429,
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in preparing lamp-wicks for easy kindling.h Dioscorides, according to his
Hateria Medica, knew of the dermatological value of sulphur when applied
to ointments., It remained, however for Gay-Lussac and Thenard to demonstrate
that sulphur is an elemental substance.s

The alchemists of ancient ages worked with the so called "yellow magie",
Both Geber and Abu - Bekr -~ Alrhases divide the credit as the first to
discover that acid produced from sulphur was a great solvent.é

In 1804 Theodore de' Saussaure found sulphur present in plants, listing
it as essential to plant growth, oJachs confirmed the belief that sulphur
was essential as a food in culture solut.iona.7

The mountainous island of Sicily, off the toe of Italy, produced,
early in the 15th century, the first commercial sulphur of modern times,
Not until 1735, however, did nations of the world begin to vie for control of
the element, The cause of this struggle resulted from finding a method of
preparing sulphuric acid from elemental sulphur, A quack Doctor, named Ward,
first carried oul experisments, near wondon, and upon successful resulis
produced the much desired acid in large quantities,® Soon after the ward
process became a commercial success, numerous sulphuric acid plants were

established in England, France and Germany. loebuck, of Birmingham, in 1746,
9
introduced the lead-chamber process, an extremely improved methed. In

4 Ibid., p. 430

5 W, L, Powers and ¥W. T. McGeorge, Use of Sulphur in Soils, Oregon State
College, Corvallis, (1939), p. 4.

6 Lunge, op. cit., p. 7.

7 McGeorge & Powers, op. cit., p. 4

8 Lunge, Loc. git., p- 8.

? 0. Guttman, Jourpal Society Chemical Industry, (London: 1901), p. 5.
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Germany the sulphuric acid industry was late in getting a foothold. This
did not create a great demand for raw sulphur in that country.lo The first
sulphuric acid works in Germany were established, near Dresden, in 1820, 11
In 1827, Gay-Lussac's condensing apparatus was erected.lz The new method of
preparing sulphuric acid created a great demand for native raw sulphur., It
was then that the sulphur industry had its real birth.
Origin of Sulphur

Sulphur is an element whose atomic weight is 32.06 (oxygen = 16). It
is very brittle; its hardness varies from 1.5 to 2.5 of the ordinary
minerological scale. Its specific gravity is 2.0454. In most occurrences,
it is semi-transparent at the edges and of the well kmown bright yellow coler,
vhich darkens with an increase in temperature.’> At -50° C. (=56° F.) sulphur
is nearly devoid of color.u It melts at 111° to 120° C. (234° to 248° F.),
it does not conduct electricity, but becomes electric by friction; it is there-
fore difficult to powder finely, as it adheres to the mortar or pestle. At
250° to 260° C. (482° to 500°F.) molten sulphur is neariy black in color and

so viscid that it does not run or flow when the vessel is upset. At a still

higher temperature it again becomes thinner, keeping a brown color and at

)10 H. A. Smith, Sulphuric Acid Manufacture, (London: Gurney & Jackson,
18916 b ] pv 96.

11 Lunge, op. ¢it., p. 11.
12 Ibid., pl 1.

13 Frank H, Thorpe, Outlines of Industrial Chemistry, The Macmillan
Company, (1917), p. 58.

1 Lunge, Loc. cit., p. lh.
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ogcur concerning the origin of sulphur. Tt is ganﬂrallg agreed Lhnb of the
two commercial tyees of formations, wrked today, voleanic and d zposition
tgvc constitule the ones in which geologists and companies interest thene
selves most.

The action of oxygen on hydrogen sulphide causes sulphur to be liberated
and deposited, (hzu tU = §i20+.$). In regions of volcanic aétivity oy
where voleanic activity has recently ceased, occurrence of sulphur incrustat-
iens are commonly observed. 16 G, F. Baker who studied the phoenomena of
sulphur formations at -ulphur Hank, Cslifornia states that sulphur is formed
by the action of water vapor on hydrogen sulphi&e.l

Wative sulphur is a frequent companion of gypsusn, and this Loo may be
produced in several ways., It is kmown as a voleanic sublimate snd is a
product of reaction between sulphar dloxide (502) and hyﬁrégenvsulyﬁiﬂe (HES).
It is also {ormed by the incomplete cumbustion of hydrogen sulphide, probably
in accordance with the eguation: 2825+ 02 21,0 +25

Where oxygen is in excess, s at tho surface, bydregen sulphide is

completely oxidized, snd sulphuric acid is formed, 4 short distance below

15 ibid., p. 1h.

lé €. St ﬁ er, T, a&slatad by L Ph len, ”Uflgln of Sulphur Deposits,®

: ;7 G, ¥, Baker, Honograoh, United btates Geological varvey, Volume 13,
(1882}, p. 25&.

13 §,5.6.5, Bulletin 770, Data of Geo-chemistry, Sth edition, (19247,
586, .
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the surface oxygen is deficient, and then sulphur is liberated. The actual
conditions are probably more camplex. At all events sulphuric acid and
free sulphur both oecur at Sulphur Bank, California, and in accordance with
the conditions imposed by the experiments and theory. The depeosition of
sulphur at the abandoned Rabbit Hole Mine, Nevada is ascribed to solfataric
activit.y.l9

At Cove Creek, Utah sulphur occurs in great quantities as an impregnation
in rhyolitic tuff.%® It is derived from hydrogen sulphide of volcanic origin
and is also accompanied by strongly acid water. 5o far as the sedimentary
rocks are concerned, in this region, the association of limestone, gypsum,
sulphur, and hydrogen sulphide seems to be quite general.

The sulphur deposits of Sicily are of the sulphate type, which is
mixed with, or in the vicinity of bituminous gypsum, which in turn is
associated with other sedimentary rock. It is usually assumed that the
bitumunious matter of gypsum causes a reduction of sulphate of calcium to
the sulphide with the production of carbon dioxide and Hnt.or.zl The resulting
sulphide is then decomposed by carbon dioxide, water and oxygen, yielding
caleium carbonate and sulphur. JSulphates are known to be very stable compounds
and their reduction at ordinary temperature by lifeless organic material is

seriously questioned. On the other hand bacteriologists have known for quite

19 G, 1. Adams, Bulletin U.S,G.8., No. 225, (1904), p. 495

20 . 7. Lee, Bulletin, UsS.G.S., No. 315, (1907), p. 485
21 ¢, Palmer, Bulletin, U.5.G.S., No. 340, (1908), p. 455.
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some tLime that certain living micro~organisms, under favorable conditiocns,
are capable of reducing sulphates in solution with the liberation of
hydrogen sulphide. This important biochemical reaction has been alluded to
in geological litaraturo.u
Ugcurrence of Julphur

The sulphur deposits of Louisiana and Texas have been formed b)'
sedimentation from brackish water during a previocus Geologic Age. These
sedimentary deposits have been covered to their present depth, and the
domes that are observed have been formed by intmion.?a Both salt and
sulphur occur in these domes, The cap rock contains the sulphur. In
horizontal section the domes are elliptieal in shape. Overlying and

surrounding the domes are clay, sand and "gumbo."” The upper portion of
the dome consists of a porous eap rock which is largely limestone and calcite,

with traces of carbonates and sulphates of other alkaline earths, The

sulphur occurs in the porous limestone in the form of rhombic cryst.ala.u
Commercial sulphur is found secattered widely over the world., The most

noteworthy deposits appear in the following countries, in addition to those

of the nited States and Sicily already noted.

22 0. stutser, Translated by W. C. Phalen, 9p. Sit., p. 733.

23 Raymond C, Moore, editor, Bulletin American Association of
Petroleuwn Geologists, "Geology of Salt Uome Uil Fields." E. L. DeGoyler,
"Origin of North American S5alt Domes." pp. l-h4; Francis L, Vaughan. "The
Five Islands, Louisiana." pp. 452-469. Houston, (1926). Donald C. Barton.

American As of Fetroleum Geologists. Volume 17, Tulsa,
1933), pp 1025-1083. G. 5. Rodgers, "Intrusive Urigin of the Gulf Coast
Domes." Lconomic Geology, Volume 13, (1918), p. 468. A. F. Lucas, “The
Avery lIsland S5:1t Mine and The Joseph Jefferson Salt Deposit, lLouisiana."
Engineering and Mining Journal, Volume 62, (1896), pp. L63-4bk.

24 Modern Sulphur Mining. Texas Gulf Sulphur Campany, (Mew York, 1941),
pp. 11=13.
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SHOWING SULPHUR-SALT DOME IN VARIOUS

IDEAL SECTION,

Plate I,
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Japan:>> Sulphur deposits of the country are associated with voloanoes,
The volcanic zones in which the sulphur deposits occur, stretch from Formosa
to the Kurile Islands, The most important mines in Formosa are in the vicinity
of Mount Uaiton, In Kyushu a few mines lie near the volcanoce Airishims,
among which are those known as Sulphur Island and Aujussn, In the northern
part of Honshu several occcurrences are known along the Japan Jea, the most
important producing mines inthis locality being Numajiri, Tsurugisan, and
Ugisuzawa., The most important mines operating now in Hokkaldo includes
Oshimo, Xobui, lwsonupuri, Sumadomari, and ohikabe, GSeveral producing
localities are known also in the Kurile Islands,

The greater part of the sulphur is directly traceable to solfataric
action. The Asada and Aobui wines, in Hokkaido, yield deposits of clayey
sulphur formerly deposited in an old crater lake.

chile¥® The principal mines reported cluster arcund Nount Tacora in
Arica and Antofagasta Province, several miles inland, near the Dolivian Sorder,
The problems in Chilesn sulphur mining, include barren terrain and high
altitudes, 13,000 to 19,000 fest atove sea level, The fuel used comes from
resinous moss. The altitude affects workers, and greatly hinders full
capacity of potential work.

Bolivias 27 Prineipal mines lie near Concepcion and Jun Pablo de Hapa,

ﬁ;’ Hiners) lesources of Lhe United States, U.s.G.5., Fart 2, (1910),
Pe a

26 pernando Benites, “Chile.” ingineering and Mining Journal, Volume
143, Humber 8’ (1%2)’ Pe 18,
T sngineering and Minlog Journal, Volwse 143, Husber 7, (July 1943),

Pe 100,
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Hines located south of Socompa, produce aboubt 306,000 tons

amually.
[ 2 ‘29 £ 3 ¥ Yl s
dexicot ‘Shallow deposits ocour in the State of Vers Oruz. lxiraction

plans eonsider the use of the Fraseh Frocess, in obiaianing sulphur {rem these
deposits, Uiscovery in 1931 of a surface deposit of sulphur near the Rio
Gramde opposite Candelsris, Texas, about {ifty miles south of MHarfa, Teras,
created new interests, in the sulphur industry in fex ,30.5@ The deposit
rises above the surface Lo a height of ten to {ifteen feel. Ixploitation
would reguire exbensive rozd or railroad bullding.

31

The followisng coubrles preduce ninor guantities of sulphur,
Cupape: Wussia, jusbria, Greoece, france, Germony, and opain.

isiay Bamluehistan, Yalestine, Persis, Philipnines, apd Jiberis.

Africar Aldgeria, bouerook, and Jorocgo.

%

Lxploitation of sulphur deposils afford profiteble rshurns providing

32 ,
they contain tuenby-five percent of sulphur or more., Hgposibse acve worked

that yield upwards of ““tyhf&ve pereent sulphur, howover adverss working

conditions generally hasper miners'ability for full work capscity, therefore

dinerals Yearbook, United Gtates Departsent of lnterier, Dureau of
Hines, (194khj, p. 1367.

29 Inid., p. 1367.

30 Engineering and findng Journal, Volwme 132, (duly 13, 1931}, p. 35.

31 iﬁﬂl&ﬂ, B« B35, ik a, D 7'7‘3'

32 Statement by . %. Swem, Porsomel Inberview, {(lswgulf, Texss, septesber
8, 1947).
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31

lowering oubpul, a9 has been tobed in Chile, oome visilisn deposits bave
= 3 o a. @ 2 TP 5 - . o 3 - e - ‘ . 33¢'i - .
vielded as high as 70 percent sulphur, which is 98.5 pereent pure. OSicilian
mines have been worked, bearing eight poreent, or less of mineral, onily to
be aghandoned after a short periaed.
Sulphur econtent of Japanese deposits vary from seventeen percent to
thirty=-gix pereent, those conbaining the richest ore are worked oxtensively.

low wages and homs eonsunpiion, coupled with lower living standerds in Japan

Justify operations of sulphur beds bearing less percest of mineral than in

concern themselves with sulphur bearing sbrata
showing twenty-five percent or more, MHodern sujphur mini%g mabhods practiced
by Ameriesn Gemyaniea,iare s@‘teehnically’pa?f&atad as bo render sulphur
having a purity of 99.5 o 100 percent, when broughi bto the ﬁﬁffaﬁﬁ.Bé
The Fraseh ‘rocess practiced in modern sulphur minlng, glangvtﬁa'ﬁﬂlf
Soast of the Uniled Statss, is based on tws peculise properbties of Lhe aineral:
1. Sulphur has a low melbing point, approximately 250° ¥, Superheated
waber - waler heated undsy pressure zbove ibs normal bolling
polnt ~— opunped down Lo the depesit easily mellbs sulphur.

2, Sulphur is sbous twiee as hesvy as water. The udnersl melied by

superheated waler sinks o the bebtowm of the depesit Forming s pool.

X oy . g - s, P
33 @illiems Haymes, tThe shone Lhat iuruys, p. 7=,

&

54 G, Atehino, lineral Industry, Volwse 8, (1899), 5. 592.

55 s i 3. pE % £u . TS » ") & hq o P S . L. ; y

35 Letter from Hajor George ueaning, G-h Soctlos, idsadquarters, ~upreme
Cosmander for the Allled Powers, Tokio, Jdapan. (August 13, 1947).

36 H, 4. Swem, Personal luterview, op. git.

——
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Sub~surface sulphur deposits similiar to Lhose of Louisiana and Texas
require ubtwost engineeriay skills and techmigues for ’?glﬁitati@n, This

fact broushi aboult develorment of the modern wmothoeds for sulphur extraction ~—

i, R 37
The Frasch Process,

Gy
z‘f dournal of 1ndu%trlal andg wgglﬂeergd; shenis hgg, Voluze &, \februany
1812), pp. 138; fing > and Sining s 11, Volume 8, (Jepbember 28, 186%),
. 196=-197.




Italy angd Sici

Susphur ranks as one of Liw leading mineral products of Italy, ith

[aid

a normal annual output of asbout 350,000 gross tons, it Lecomes the most

> =

1E¢0rn3ﬂn sulphur~produeing country of Surope. Ibaly, iscluding Sieily,
ranks second to the United States in world sulpbur production. Pour districls
of ibaly supply sulphur, manely; Slelly, Soncgna and iarches, vaspania and

- N . e 1 - :
walabria, and Siona, Faln offices of mines gﬁerut*ng in the respective

arsas are ingluded in the feliowing table, for the yvears 19086 and vu?.

Hain Uffjce  Year lonnage ¥adue
Caltanissebba, Sieily 1908 405 2,633,924 #5 5 581,964

1909 380 2,616,000 5,671,890

bologna, xoumagna & 1968 11 142,700 411,189
wareh - ‘ . ‘;1599 s :..y.} ) ;32.5{311 3’?6;'{32?

ia 1908 10 9,019 158,522
4909 10 15,853 221347
1503 1 2,300 2,663
A909 o ho B9 2966

TUTAL ’?CE 426 2,847,943 56,194,338
1509 Ll 2,827 4455 6,~?" 630
Sicilian sulphwr amining methods are Vawy simple, dhe ore is mined by
the shalt and sbirip mebhodas Few mines h@va aodern maenloery sud btransportation

faeilities, bub many use hand tools, and haul the ore froo the mine o the

¥dineral Resources of the United Jtates."” Translated by u. U, Fhalen.

i
United states Geologieal survey, (1910J), p. 785.

2
T 4, Stutzer, Translated by W. G, Ahqlen, ihe liore Imocortant Deposits
gg,ﬁon—uatalllc sdnerals. (Serlin: Borntraeger Hrothers, s, 1911}, pe 7k

1

{
H
{
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reficery elther in hamd-carts or by swles and burros. Heat 1o appiled to

5 S8

the crude ore, bhe sulphur aelis, runs off and is collested, Two mstiwds of
‘watmg or smelbing the ope are employed: (1) by ii;ﬁnz?;':;’aggg; pavt of the salphur
in the ss-called eaicaroni and beeuive oveus and (2} by superbeated stoan,
Oreater use 1o made of the beehive aven wmethod,

The years 1908 and 1909 have been wsed 4o examples for the Jdeiiisn

salphur Industry, because these years sark the begimmins of the stesdy
dacline of Lhe induetry In dicily.

For over 150 years ielly bad a virtual monopoly on world sulphur
supplies. Her grestect problen in the industry has alsays been the

o

difficulby snd expense of brisgin

g the sulphur fren Lhe mice Lo the %}r’i,‘éf’tﬁq‘g

w

The two princizal export points, Vort :npedocle and wiﬂ&tﬁ. Rave Very poor
harbors, Vessels, forsed to lie offshors, expused to strong winds, were
ieaded from lighters. Only during the last century tes a move sconcmical weans
replac&é thds nethod.

In esrlier days the priccipal sulphar exports west o uauen, Barcelona
and dzrseilles. The Fresch dediterronenn pord prospered wien it ostablished
sulphur refinsries snd Jarge sulpburic geid and alkali ;slzmts.k after 1823,
Eritish chewdeal vanulacturers bocame Jiclly's best custousrs, In that year
the heavy tax on salt, a low of the Napoleonic Vars, was repealed and

Huspratt duoeedistely began tho canwlacture of sods alkall newr &ivemmal}

3 ¢ Thab Burns, (29421, p. 77

& Phalen, op. gib., Do, 785-786,
of the Chemical I

Villiaos uarnes, fhe

il‘fﬁ?ﬂ, P 81,




The sulphur trade was arvested during the Sapoleonic Wars, bed 3t had, in

uses, ab this tins, ir

w

paking of sulphurie acdd and gunpowder mwz gonller guanbtitlies golng inbo

blesehing, funigation spd medicines,

Poor srgavnization chapacterizses the enrly Seiphar industiry. sach

mine operatsd independently and soid ids subsab Lo Lhe a&a«ma of ewwmoreial

S

orgnnisabions, chislly dritlsh rafiing fires, wiilch hud thaly own regresenis~

Lives in Seily., Vrained to be very sihwewd these buyesrs lost be tipe

in playing off one mins g wr in owder W lower prices. Sulpha

oubput case ab that tine, from about 200 mines, sad wes scdd aeccording to .

the Torelsn mabter visible $o the naked eye. e u&l!»wtiﬂm sysben worked ab

a dissdvantage to {he peosucer.
After 1824, the chualeal inmdustry fhrougheut the world expanded

rapddly and sulphurice asid plants gpopesred in Austris, Gevsany, Raly, Sslgium,
bdollsnd and the Upited Sbabes. with this ewpanslon o selphuris acld sunu-
facture, sulphur dewends soon cubgrew Sieillan proeduciisn. ?eu damnand
oaturally caused prices to advance amd with added offoris bo groduce, Sicilisn

axports rose Lo over 44,000 short tons by _12%31,& The srice had risen to
sliphtly above 270,00 por tum, This plunged the Sdgilians into a spe mtive
condition which Uelgbreloizne described, as alndliar to the Salilornis gold

rush.? Within o yveor the sublowd resched sleost 40,000 Lons and the price rose

o

Hi}:’fﬂw} Dlhe é’,itdg s ??;

? isuigsi belabretoie, L'indusiris Sineraria Loliifers
{1925), p. 319.
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to 80,00 per ten. Frise intreases esused the S

to covar thelr nweds in sdvance, bub Che Jicllians woerting less tlan vnge
waldd of thelr oubpul bthat year abienpbed bo Jurther :s-iu s lnoresses. ia
1833 a roverssl of conditions suddenly ccourred when fhe pricse dropped So
516,00 per ton.

This suddes price drop throw sulpbur producers fnte g

spsales to ¥l he sovampent Tor helo. Jone &’;zl‘s,i’i@iéfﬂr” o0 wWas given Lo

-

nies.  oleilian msrebants proposed teo buy all the

mabionaliind
sulpimr and bo merket 3t in an orderly manner, bul ibe crofugers oould not
agree to auy plan. ‘*ﬁm matber becone worse and in 1838, the Sowbom

Governzment, snder sing Fordizsnd IX stteoted to correct the condition.

2 o solve bhe

e

The motive, bohimd the menopely whiech Fepding

probiesg of bhe Sloellian sulphar producers, did nob peath any wide sgrec-

menb, Ab this time Ferdinand, s gay young man of twenby~siz, lived most of
the Lise in Paris while his Bingdom of Jw Two Sleilies ang Haplss bagether
provided 1ilble incamo fop his taste of chaspapis. Ywo sirowd Fra %Wﬁ,
Adme Tsix ond Areene iyeard, took advantsge of this fact by wroposisg Lhab
all ddeilian sulphur sales be placed exeiusively :m the bargds of thoir

company, Talx, Ayeard &« Sie, for a pericd of five vears. In this proposal

Ferdimand and the Juchess de Derry becuss silent g;mmr@.g The @m@asaiv

wns agcepbady sraandzation o tf&:;,- vompany set wp ab onoe with 5 essdbal of

T

FL405 1d be ngrikebad

S00G,  Under the contiuet all Sleilisn wmmf’ ol

through Tale, wnder tursat of pensibies lspused on tae producers,

B e P
8 giﬁ}’ﬂeﬁ’ Bk mﬁ ¥ e 20,



This was the {irst abtespt ab valorization of sulphur in Sieily, Taix
proved to be reasonable apd falr in its objectives and terms, provided an

orderly sale Yor sulphur, reduced the gutb; uh, esbablished a selphucic acid

save bl Bourbon gtsbe a revenuve tax of

(%

i
3

angd alkall plont in Sicdly, ard
360,000 annuslly. Fallure resulted whaﬁ the priee leaped Irom (€0.00 %o
G70.00 per ton.

The &zharbit&ﬁt srice of raw sulphur osused the seid and alkall indusicies
to seareh for obther seurces of raw wuaterdal., Ly 1880, all acid imdestries
with the exception af those in the United “dates had bsgun to use iron
vyrites as a source of sulphur 5up@lies,9

ab ¥

Two new developsents aided in keeping the ~iciliam sulphur trade at

a steady upward trend after 1845, nanely the asmufacture of fertiliiser

-

Fd I VR
fren sulphar

hur in tonbroling a diseass oni grapg-

[+
41
£ 13
i
2
s
o3
5

O

s aear bhe mouvkh of the Thases diver.

V.L?XE-V ch,&.(ﬂi K ”é

In 1887, rieh deposits of rock phosphate were discovered im Jouth

- 10 . , '
Carolina. ihis discovery caused bthe fertiliser business bo inorease raj

merss grew from A7 in 1860,

The nuaber of fertilirzer ssnufachburing

period increased

to 272 in 1280 and the value of thelr cutput during the s

from 91,000,000 bo 20,000,000, By 1590 the tobtal fertiliser production in

the United dtables had reached 1,892,000 tons, and throughout the southern

sbutes, whers foriilizoer consuupbion was greatesb,; sulphuric acid plants had

-

ineressed proporticmtely.

dournal wogiety of “h€m¢3&1 Inuudt“v, Vﬂlﬁmb ?Q (1julfg P G-,

10 Ve x‘ dpaes, "The Fhosphliate Jeposits of Soulh varazlna ¥
fesources, (1352} b? 5@&*5}1, Garol He ¥ g i ;
United obates, Gth Soscisl Hevort, k. @, Babor Duresn (124

3-;.&»!.%.43 I J @i
Doe 25=09.

q

11 Yheodore d, ireps, 13@
{Staniord Universibty Press, 19
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Immediately folio_wing the expansion of the fertilizer business, another
important use of sulphur appeared. The petroleum industry began using
sulphuric acid to refine first, lerosene and later gasoline.

Two additional technical developments opened up new markets for sulphur.
Charles Goodyear discovered a method of rubber vulcanization in 1339 and
Ce Do Elkman, a Swedish engineer perfected a process, in 1873, using a
compound of sulphur to obtain chemical wood pulp, used in the paper Mustry.n

These new uses became highly significant in the United States, because

at that time the Frasch Process came into operation in louilim.n

American Sulphur, Sicily's Competitor

Herman Frasch, son of Johannes Frasch, burgomaster of Gaildorf,
Wurtembury, Germany was born in that town on Christmas Day, 1851, When
nineteen years old he came to America, settled in Philadelphia where he became
chief laboratory assistant to Professor Maisch in Philadelphia College of
Phsr'luy.u Frasch became interested in petroleum and chemical engineering
and realized the prominent position each would maintain in the enormous
economic expansion in the United States. After specialization in petroleum
refining and contributing several outstanding improvements and securing
patents on these, he purchased, in 1885, the Empire Uil Company which had
wells and a small refinery near Fetrolia, Ontario. Here he perfecied a
method of removing sulphur, from the oil, which had previously caused an

wxiesirable odor and sooting when burned, Standard Uil Company purchased

nﬂ"”’t%i&u p. 87,

D g, 7, Chandler, "Perkin Medal Presentation Address," of
Industrial and Engineering Chemistry, Volume 4, (Pebruary 1912), pp. 134-140.

% Haynes, op. cit., p. 18.



lﬁ -

his patents, hiz Canadian Company and engaged him as chief of their research
departusnt. The company paid him in stock in the campany, selling then at
Y168.00 per shars, plus seven percent dividends, After his processes were

ghares roese Lo 820,00 ench; dividends advanced o 40 percent. At

o
fa
Fre
|53
g

point Fraseh sold half bis sbocie. 4s a resuld of his discoveries,
cenceived and cxeculed on enormous scalss, billions of dollars have been

15
added to our natisnsal wenlth. 3

3

Briefly the Frasch Frocess functions as follows: A hols s bored (o
the lover layer of caprock. Four concenbtries pipes are placed in the hole,
The outer pipe, ten inches in diameter is a protsctive casing, The next
pipe, eight lnches in dismeter, is sunk through the eaprock, to the botton
of the sulphur deposit. The lower end is perforabel wibh sall holes
extending up the pipe from five to tweaty feet. A fowr-iach pipe ig lowered
to within a &h@ré distance from the botton. The isnermest pipe, one and a
quarter inches in diameter, is placed last and reachks to withdn two hundred
feet ol Lhe bﬁtﬁﬁm,lé

Superhealed water raoived to szbout 330 degrees Fahrenheii by intonse
heat and pressure, is forced down the space between the eight-inch and [our-
inck pipes and flaws out the holes into the sulphur deposit. The sulphur
melts and winks to the botton of the well, where it is disploced by waber and
rises in the four-inch pipe. Compressed alr Torced down bhe smallest cenbral

pipe 1ifts the sulphur to bhe surface.

35 Chandier, op. git., P 136-137.

16 United stutes Fatent Gffice, Pabent imber 461,429, Hining Sulohur,
Herman Prasch, Cleveland, Vhie, Filed Gctober 23, 18% Serial Numbsr 369,072
{no model), FPatent Wuwber 461,430, Filed Uecesber 26, 1390: Serial Number
375,799. Fatent Susber 461,431, Filed Decomber 26, 1870 Serial Humber
375,600, p. 284
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From their beginning in 1792, sulphuric acid industries used native

sulphur as raw ma.t.crhl.l?

In the decade from 1820 to 1830, Lnglish and
French sulphuriec acid industries began using pyrites as a source of sulphur,
due largely to exhorbitant prices of the raw sulphur, Continued use of
pyrites prevails in Duropean countries today, Currently American supplies
of sulphur, coupled with efficient transportation and low costs cause a
steady decline in the use of European pyrites.

Prior to 1903 “icily held a virtual monopoly on raw sulphur, and as

our chemical activities expanded, our imports of Sieilian sulphur gradually

increased. The following figures indicate this tmd.m
Year Hetriec Tons
1892 88,966
1893 88,434
1894 110,067
1895 100,722
1896 132,438
1897 123,341
1898 142,553
1899 134,238
1900 165,813
1901 149,710
1902 176,845

Production, by the Frasch Process, passed 23,000 tons in 1903 and
imports from JSicily dropped to 157,259 tons. The following year imports
declined to 105,606 tons, Thereafter they dwindled to practically nothing,
as noted by the following f:lgurcn.m

Year Metric Tons
1906 75235
1907 L4474
1908 13,967
1909 13,529
1910 - T2580
Y \i11iams Haynes, Chemical Sconomies, pp. 166-169

1 Dolabretoigno, OD. m», Ps 429,
19 M.' Pe 430,



Year {Conbinued) Hovric Tops

1711 74125
1yie 1,792
1913 9o
121, 2,060
1915 856
Sieilian sulphur producers paid littlie sibtention Lo the naws of
Louisiaza sroduction by the Frasch Vroeess, They had heard befora sf proe

spective rivalsy Jdapan, Chile, the fabbit Hole dine of hevada, and small

Y

quantities being extracted in Ualifornda snd Ubah, 5&1ﬂ~c®nfiﬁence of
their ancient monopoly, made then skepbical of the tale of the enormous
American deposits. Fanbastic, was the word applied te bue Frasch Process of
extraction! They simply ignored possibliities of American competitien,
Confronted with a sericus sulphur erisis in 1295 ~ 18%6, Sieilians e&m&@rﬁed

%

. 23 .
theaselves with reorganization of their industry. Tazes, ownersiip of

property and miseral rights, disorganized markebs, high griced imsorted fuels
¥ 5 & 2 [ y SE : »

and lack of large capital investments in mines vperated conbributed toithis

erisis, Studles were conducted concerning the sibuation in Sicily, both by

srivate concerns and Governmental agencies., A group of chemiesl makers

finadly efiected a marikel stablization. This group included bnglishuen , who
desired, above all, to secure sufficient supplies +to coumbrol murketling by

means of eentrslized selling. fraebieally all capital for the Anglo-dicilian

Coapany cans frou Yngland, however bhe ciellians mamnged bo conbraet lor 66

pereent of its output, and persuaded the goveransut by decree of July 27, 1896,

¥

0 sineral dndustry, (1592}, p. 425,
Fa R

Williams Haynes, The Stone shot Buras, ». 91,
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bon of sulehur leaving diedily.  The terss of the conbtract were sluost identical
il (] nd ®

8

with the old Taix agreeansnt. The [orce of the contract exbende

I'»ry
oy
foin
<
i)

2t Yoe end of the secund period, however, the situstion became quibe

different. Jslecks ancunbting bo 150,000 tens sors than shiprents, had

acocunmulated. Birect coupebition from smerican sulphbur appsared for the first

Lime on the buropean market, The Undon dSulphur Caspany's cubput in 1505

E"‘
,-q-
.‘.4
La

d 218,950 itons as compared with 3,000 tons in 1}‘1. dicilians still

doubbed the new compebibtion, bl betber inforasd directors of the Angloe
o ¥ (v

argcarious position am? sold and dolivered

SUC0 tons o the United Stabes, sl o ecost far below prices gucted and only

23 , : -

siightly sbove actual sosts, besiving to rocelve everybthing peoasible for

>

slo-sieilian Company, in

hiz sulphur, Frassh meb with the Direetors ol the in

London, Lo €5 Laviish price agresments, Seceiving him cooly, Frasch was told

2d the garbles could ned agree,

Fraseh returncd o the United Jbabes, manzged to secure addibicnal

Americsn business and ’alzvereu several thousand tons Lo Duropean markebs,

-

the Lollowing rear ab a eost of ope-fifth less than wiciilan preduction costs.

Briefly, Fraseh's action gave extreme alarm Lo the 4

therefore its third five-rear coubract was nob rencwed,

[&2

Since 1905 the Unica oSulphur Gonmpany roese to vorl wposrhanee snd subputs.

increased steadilye

Hayne 285 90 Eikes O 9b.

o er?an Fraseh, "Periin bedal Zpeech,” Uhesieal and debaliurzieal
iz, Volume 1U, (February l‘}i.i}, ppe 1950




Long Tons

220,000
ﬁv’lza
188,878
}nh,hhé
273,343
2&?,@6ﬁ
205,056
757,733
491,080

Fard ; Y e D
Juring the sane period bhelir exports were as Tollows: 2
2 i

Year Long Tons
1505 11,522
1907 35,925

1903 27,39,
1905 31,142

1910 20,742
i911 ‘Zﬁ,lQB
1912 57 » T35

1513 89,221

i
Y

Frasch's prieisg policies revealed his sppreeiation of the advanbages

to the consuwer, of a sbeady, open prise, quoted the sase to all. ie ﬁeld
firm convictions that reasonsbly prieed sulphur would extend its use, and
as early as 1898 he advoecaled research almed to broaden ihe market,
Accordingly Yrasch bullt £ refinery in Prookiyn, dew York. Frauecis K,
Pough, took charge of inis refinery. His task was Lo increase use of sulphur
in the ég cultural field, iuch was accomplished al the refinery; new methods
3l, sales mebhods broadened and Uornell

.

53 for salphur rossared.

. ) ary 7 il
<k Robert H, nidgeway, "Sulphwr," United states uuregu %)

of Linecs,
information Uireular wiber 6329, (reprinted

e

Moy 19547, 22,

=<5 hid., p. 43
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In 1912, Frasch decided to build a sulphur refining plant at Marseilles,
France, Flaced in charge of the plant was, Herman Hoeckel, a German,
Hoeckel was instructed to make an impressive demonstration, Instructions
were thoroughly executed. The plant's foundation and walls were so solidly
constructed, that several years later, during World War I, Hoeckel was

accused of erecting a fortress for the benefit of the Cermans, It was a

pure and simple spy story, but liceckel, thoroughly alarmed, slipped away,
and vanished completely, as far as the sulphur industry was cmcmcd.zs

Southwestern louisiana, about half way between lake Charles and the
Texas state line, is credited with being the operational site of America's
first modern sulphur mine, Surrounding a small hilly dome, some [ifty acres
in area, are the marshes of Bayou Choupique: The dome is simply an open, dry
clearing in the midst of tLhese marshes; a subtropical jungle of cypress and
pine, festooned with -panish moss., This conspiclious mark attracted early
attention, In 1884, thirty-five years before it was named Sulphur Mine,
0il seepages were cobserved trickling, off the domed structure, into the
marshes,

In 1860, one year after oil was discovered in Femnsylvania, an
attempt to drill a test well on the knoll, was made by use of the Canadian
pole. This method consisted of a long, strong tree trunk mounted on a
swivel, [Engaged in the enterprise were Lli and #illiam Ferkins with the aid
of Dr. diriman, the local physican, The Perkins', a prominent family of
Calcasieu Parish, owned part of the knoll, it being located in the Parish,

The Doctor was interested, since petroleum was widely advertised as "rock oil",

26 laynes, op. gik., p. 113.
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a oure for several ehronic ailments.2’ The Civil War interrupted this drill-
ing attempt, however a showing of oil was made.

Organization of the Louisiana Petroleum & Coal 0il Company, was in 1867
by General Jules Brady of New Urleans, and with a driller named Mudd a boring
| was made at the knoll or sulphur Aine as it was later ngm.za Penetration
was 1230 feet, OStrata of clay and gravel were encountered before entering
quicksand, where a heavy flow of sulphurous water was struck. Beneath the
quicksand a thick bed 6f limestone was struck, and under that about 100
feet, a porous limestone impregnated with pure sulphur. Below the sulphur-
bearing deposit, gypsum was found and after drilling over 600 feet without
leaving the gypsum and not finding oil, drilling was halted.

Discouraged at not finding oil and perplexed by geological formations
unlike those accustomed to elsewhere, the company invited Professor Lugene
Hilgard, of the University of Mississippi, to examine its findings. Professor
Hilgard at that time (May 1869) was making an oil and mineral reconnaissance
of Louisiana. Carefully this trained geologist and trained driller checked
corings and drilling logs. Appraisal, by Hilgard, was unfavorable for oil
bub sulphur possibilities were favorable..’ Professor Hilgard pointed out,
in his written report to General rady, that oil bearing strata about 340
feet below the surface, was unlikely to furnish a large, or at least, a last-
ing supply of petroleum. Regarding sulphur he wrote, "The sulphur-bearing
formation consists of superior stratum of friable, crystalline, semi-transparent

native sulphur."

27 dalter W. Jennings, iistory of the Zconomic and Social Progress of the
American People, pp. 482-483.

28 y,5,6.5. Annual Report, Volume 3, (1883), p. 509.

29 Eugene W. nim "The Petroleum and Sulphur of Calcasieu,"
Engineering and Mining Jourpal, Volume 8, (September 28, 1869), pp. 196-197.
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Hilgard's report concluded with the suggestion that a shaft be sunk
450 feet below the swrface to the upper portion of the sulphur bed. He
noted probabilities of encountering difficulties and recommended adequate
financial support, should the endeavour be undertaken, He believed a
competent engineer with sufficient means, could make the project practical.
Upon reaching the sulphur deposit he believed that, "the working of the
mine would be easy and im the highest degree rcmunerative = capable,
in view of the difficulty under which the production of Sicilian
sulphur labors, of contreling the sulphur market of the world, and
adding to the prosperity of the whole country by cheapening the
production and improving the quality of that great fundamental agent,
sulphuric acid', the preparation of which from impure pyritesis so
often a source of annoyance and loss to all kindsof manufacturers.” 30
Hilgard's report described with accuracy the various strata under-
lying the Calcasieu dome., It recognized the great sulphur potentialities
of the property, when Sicily was the world's only commercial source of
sulphur, Furthermore, the report forecast breaking the sulphur monoply main-
tained by Sicily., The Calecasieu Sulphur and Hining Company was organized,
replacing the Louisiana Petroleum and Coal Uil Company, as a result of the
report being unfavorable to oil and favorable to sulphur produection,
Organization of this corporation was in New Orleans, in 1870, where
close commercial and social connections were maintained with France, Belief
, ' 31
is held that considerable French capital was behind the enterprise,
Several directors of the organization wers recomsended by the French
Government.,
An exploratory well was made, Careful examination of the quicksands

and limestone overlying the sulphur deposits, caused a conclusion to be

30 Ibid., p. 197.
31 Williams Haynes, The Stone ‘hat Burms, (1942), p. 9.
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reached that the limestone strata, twenty-five feet in thickness, lying
directly over the sulphur, protects it from the contact of sulphurocus water,

This conclusion was the basis of the methods proposed to reach the
sulphur deposit by a shaft. Herman Frasch's process was based on this
assumption, Furthermore it identified the caprock that overlies all Gulf
Coast salt domes,

Boilers from France and cast-iron rings from Belgium were purchased,
and a shaft was sunk to the quicksand. The cast-iron rings, ten feet in
diameter and five feet high, were used to case the shaft. There seems to be
no record of the time spent at this operation, but it was abandoned and all
equipment was sold in 1879, to the newly organized louisiana Sulphur ’o'.‘tmn]:um;y'..32

During the next t.unlyoarl several attempts were made to reach the
sulphur bed, but all falled. Frasch wrote, "The deposit seemed to bring

misfortune to everyone connected with it, and I have heard many stories

and met many people who have told me of having lost money in the various
schemes that marked the progress of the sulphwr mine, Irogress there
seemed to mean failure., An Austrian company, a French company and

mmerous American companies, failed and not a ton of sulphur was
produced,” 33

In 1890 five men working in a shaft, in which the same Belgian rings
were being used again, were overcome by a burst of water and hydrogen

sulphide. This tragic happening marked the end of the shaft method, the use

of the iron rings and thirty years of successive sulphur mining failures.
Herman Frasch drilled four exploratory wells within two miles of Sulphur

HMine, in 1891. OSulphur, limestone, gypsum and petroleum showings were negative,

Frasch, therefore, concluded that all the sulphur in that region must lie

beneath the fifty-acre dome owned, at the time, by the American Sulphur Company.

32 Minera) Hesources, 1883-1884, p. 26i.
3 Frasen, op. gite, p. 79
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To secure rights to drill on the dome was Fraseh's next probles. After
several monthe of nmegiobiating, Frasch's patent rights and the property
rights of the fmeriean “ulphur Uompany wers pooled, Torming the Undon Sulphur

Company. Undon was the first company to use wmodern sulpbur mining methods.



CHAPTER III
SULPHUR PRODUCTION IN THE UNITED STATES (1894 - 1919)

Frasch secured patent rights on his process for sulphur extraction in
1891, but not until 1894, in late December, did he produce any sulphur,
Enduring difficuliies were ever present., Fuel for firing the boilers had
consisted of slabs of lumber Irom nearby sawnills, and when depleted, ceal
was imported from Alabama, at a cost of §4.05 per ton., The enormous amount
of heat required for one well consumed about fifty tons of coal per day and
at that time the operation was still in the laboratory or experimental
stage.

An adequate supply of water, free of minerals, is necessary to allow
operation of the Frasch Process of sulphur mining, Water for the early
operations was taken from creeks, marshes, bayous and drain ditches, without
removing impurities. As pointed out the first operations were experimental
and it was not until later that it was found practical to remcve mineral
matter from the water used, because pipes through which water passes becomes
coated with foreign matter,

The first two wells pumped ylelded 912 toms of sulphur.® A third well
yielded about 50 tons before the ten inch casing broke in the quicksand
formation which necessitated Lhe abandoning of operations.

Discovered during these early operations that an excessive waste of hot
water occurred, Frasch pumped mud and cut rice straw to seal the fissures of
the limestone formation to remedy the problem. These methods gave the desired

results,

1 Union Sulphwr Compey vs Freeport Texas Company, lecord on Appeal,

United States, Circuit Court of Appeals for the Third Circuit. Flaintiffs'
Exhibit No, 54, I1II, p. 378.
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Frogredss was bolng pade bub an examinagtion of She f;mamwmi gondibion of

the Union Sulphur Vonpany, in Jeptezber 3897, revealed total lnvestmwate and

. g

indebtedness of (313,305.90, while the soupany recelived from ibs sulphur

38,906, 59.2 E’&caﬁ with = {isanecis 3. erisiz Upion Sulphue (,a,:mmg

shub dows ensratisus in loulsiana and stbegbed minlay sulphur in Sioily in

Falluope to veach sulpbwr in Bwo bordugs t i endesvour toe was
abarvionad.

Fraogeh drew oritleisn from mea of propabe, due Lo the abandomusnt of

ward ¥. Varker, of the United Habtes Usologiesl survey,
wrote thab the Frasch Frocess sesmed of no ¢ *.:cfmcial vaiuﬁ.g mﬁhwll,
editor of Zngineering and Sinisng Journal, wrote in wis ste m..zmm @uggl@w
ment, Hineral industery 1898, that Fraseh's sethod soncsded complete

coamereial iaié,hra.i'

shed in the

Un danuser 23, 1996 the bnion Sulsbur Yogpany was incurps

State of Hew Jersey, Lo sseure land title and mimeral rigtts ab Sulphur

Hine amd glso to sesurs the Prasch pabents, Uapibel stock was 800,
shoreholders inciunded, i sddition to the Anerican SWphur wompany, Frasch,
iockefelier, and sevaral obher financlers. Allhough heretofore fallure resuli-
ed to some degre; these von deberuined tb snivage Liw logs, if possible, of

suen sn investoent. fter lopg zmd csubious studies and deliberations on

thae possibilities of Ifulare produstion, the mamgement of §

company desided (o reswme aperabien of ibs shub-down mine,

slphue ugmgmmr ve, Ureeport Teaw lonpany,; 9o. git.,
;ﬁszifmy af U, he Snider, I, pe 339,
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Accordingly one well was steamed, in 1899-1900 and yielded only %hirty—
six tons of Sﬁlghur,s while during 1201 production from two additional
wells ancunted tu 3,078 Ldﬁﬁmﬁ

A discovery ahally mrelated to sulphur sining solved the ;TESuh
prablemab On Jannary’¢0, 1901 an oil wmil was "brought in" at 5pinﬂl@tﬁp,
Texas, near Eean&aat.7 This “gusher” began bto floy at ”u,uﬂu barrels per
day, one of bhs grestest in petroleum history, Thus only sixty miles from
Sulphur Hine, this ﬁmple ﬂﬁéply of chesp fuel became available for the Unien
Sulpnuwre Company's operations.

Spindlebop's gusher nob only solved the problem of fuel supply bul had
far reaching effocts on fuprbher sulphur operations, IOwvery duse-shaped form-

ation on the Gulf Coast has been drilled or corsd for oil as a result of the
fousher ' Ope hundred siz true salt dowmes bave been found by these expi@rat*ons.
Forty-seven of thesc dones bore no traces of sulphur; foriy-seven had show

5 of aporeciable amounts, one of which was stoamed bub wever produced
commerciaily. “leven demes have produced sulphur in large quantities, {ive
qfvwhich operate at present. Unlon Sulphur Sompany, tna gioneer in saiphur
mining, no loager oporates.

in leeating s deposibt. drilliog

Sulphur mining entails mech driliing
and eoring is necessary tu srrive at satisfactory estimates of sulphur
‘sontained in the depesit. Conbours of sulpbuy besring strate, generally

irregular, lie at varylng depbhs lo the dome. Ulean cul cores sre necessary

Hoynes, op. zit., p. 47.
Haynes, loc. git.y p. 4%

7 wineral sesources of the United States,” U,u Be5. L1904), p. TIR.
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for a tomplete cross-section of strats undevlying the caprock, [Uest of
~exploration and ggsrw:mt’ ¢ o sulphur deposit run upusually bigh, &

Sryamuound and Freeport Sulphur Somo

%

Hear the moubh of the Ur

-‘fcvs, tm largest of Amm::s rivers, lles a

54

eonspicisus historie landmark, covering ssveral hundred scres in zrea. The
ancient Spanish city of Guintans had stood botween tha Gull of iiezried and
the mound, west of the river.? This once flourishing pori was wiped out by
a hurricane and t,n,da.l wavs in 1900, tihe sase being so destructive to the city
of Galveston., Oz the east bank of the Lrazos, a@ai},&‘z from its mouth, stood
the town of Yslesco, nased it is said for a Spunish Uount, The first free
port of enbry in Texas was established nd this site and here in 1423 Stephen
F, Austin made Lis {irst besdouarters. For services rendered as an impresario,
tue*mcan Government gracted Austin a trach of 177 acves within the doxe

10 |
ared.

~Austin no doubt sclacted this mound ae is chodce of ild, beczuss it
rises boldly aboul Lsavy fest abovwe the lsvel, %:realesé wlain, pwctared
with great anthiils, streaked wilh wmarshy swanps, the habitant of encrmous
grey herons, and the wild range of the famed longhorned '"“e:mu cabtble., ‘This
vise of land in such a landscape; like the swlphur mound in Galcasieu swaup,
wWas i oasis,

Due bo keen interest in odl, seunt atbention was pald to awy indications

of sulphur in earlier tests of the mound., True and typical during oil

4. F. Zemanek, Personal Interview, Sewgulf, Texas, (Jeptesmber 8, 1947J.
7 Hayﬁea, op. git.; p. 118.
gg stract prepared by Bragoria Sounby ibstract Gomps {ﬂertified

uept,emaer 16, 1920}, in the Uspletien File of rreeport —ulphur Company's
Eryanmound ugpa;nt
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speculation in o given locality land Litles change often, the mourd had
seversl owners, rinally the fryan {snily acguired title to the groaber part,
hence it was named Dryanmound.

¥

Loegl tradition credits an oll exploratory well drilled in 1504, by

a Doctor leed, ay thes first indieation of sulphur, After 1904, oil
prospeciting, lound that twenby-seven tests wells bore suiphur in greater op
lesser quantities.

“he Uryamaound formation provided am Impressive demonsiyation of the

>

satiofactory sulphur cores., Its limestone horiszon

te

difficuliy in obtaining
was 5o {issured and cleaved thab usually in previous drilling no cubbing at
all had been obbained, although sometizes an artesian {low carried out

renuants contzining sulphur. BDevelopnent of a reverse {low system enabled
tie prospectors bto determine bhe culphur content of Lhe mound fairly

accurataly.il In 1910 and 1911, eleven such test wells were drilled on
Sryanmound, and the repert bore the fact thalt the deposilt was fairly good
bub spotiy.

The Freeport Julphur Coampany was incorporated in Texas, on July 12,
1912, At the samne Liase, the Freeport Townsite Company, acguired title Lo nost
of the land of the doase area. 4ccordingly the clity of Yreeport was establish-
ed on the west bank of bthe Hrazos fiver.
grestest probleus ot bryapsound included labor and transpertation.
Avery piece of consbrueciion materisl had to be brought to bhe sbonme-born
hie east bank of the Drazos. This was acconmplished

a

railrozd or bthe old berge canal froa Gulveston,

This is 2 methoed of rsmoving the water and cuttings froa the drill
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which had been used in early days for traasporting rice and sugsr. Ascribable
te poor Lransportation, shipwents of material were irresular snd much delay-
ed. It was necessary then to ferry every bit of material o the west bank

of the river, and finslly mules hauled snd dragged materizl to the nine site,
throush the stickyr gusbo aud,

Good construction men, after vast expenditures of eapital and hardships
of drilling, hsuling, building and all olher necessary work, produced the
first m}hzhur, at Brranmound, on Hovember 12, 1912. 4o a monusent to the
achievements of ten years work at Jryanmeund, a dump eart load of the first
Texas sulphur produced, placed in front of the Tarpon Inn, at Freeport, Texas,
remainsd thore for seversl months.

Bryanmound 4id not produce eopious gquantibies smoobhly. Numercus adjust-
ments becane necessary, including a second power plant, additicnal beilers
and an amle supply of mineral~fres water, The following production fizurves
evidence changes in operstion mebhods: 1912, 636 tons; 1913, 10,50k tons;

- 12
1914, 41,872 tons.
Sulphur's Position in Hordd Mar I

Hodern war profoundly affects all che:nieél asetivity., Generaily, usuwal
sources of raw seterial are not availesble, Inbernstional chemical trade
channels are disrupted. Uar necessibates and densnds enormous quantities
of chemicals, frequently those for which only a moderate peace tlne market
exists, Hescarch —— especially research for substitutes and processes ————

is sbnormally stimulated, Certain chemical progress always evelves from

&

12 Statistical Department, Files Freeport Sulphur Uompany, p. 61.
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wartime activities. From chesmienl researeh during world lar I the United

Stater iecured giant coal-tar, plastics, lacquer and other industries

During this period the American sulphuric acid industry switched from

pyrites to noblive sulphur as its principal souree of raw mwberial, This

hange, romainiog after the war, revolubloniszed the American sulphur industry,
American sulphuric acid menwlasturers reliecd ehilelly won imporied

2

rites, prior to World Haor 1. Uuring she first twe years of war,

s suffered Little inconwenience for vaw waberisl. In 1917,
nports dropped from 1,200,000 tons for the yoear previous, Lo agboub

The Following reay saw a further drop Sto about 270,000 tons,

(IS

During the same verioed, desestie production of pyrites axpanded from 439,132

bo 404,494 ¢ ens.u“ The offieial tomnage Tigures whiech follow; reveal the

sulphur situation.

. Sariketed o Total
Tear Production Imports Bxports Consuapt Lon

1914 341,993 26,135 985153 369,947
1915 293,803 2, i 37,271 281,179
1316 766,835 21,287 128,755 653,369
1917 1,120,374 713 152,763 568,588
1918 1,266,709 o] 131,002 1,135,672
1919 575,257 77 224,712 453,622

From the above figures, ome obssrves a situation appearing nopelessly
confused., Ib was clear that a shortaze of sulphur~bearing raw materisls was

impending. Solution of this problem was nobt szh cll clear.

Wells and L. H. Fogg, "The sanufacture of b‘uigim:ie deid in the
Undted dtutes : U dines, Sullebin 184, (1918}, po. Al-k2.

14 41 fipures from amnual statistics of tineral sdescurces,
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Ubvicusly enough, little relief was expected from muﬂr‘t.e syrites,
Pressure upon mrailab;?.e shipping was certain to incresse, Horeover greater
demands for sulphuric -ae;fid,- vitally essential in im’.’i_’ustry and m:plesives,
came from war industriss. Fossibilities of increasing fmerican pyrites
production were mlw gubes Accordingly the Duresa of Mines nade s survey of
the supply of all sulphur-bearing mstarials ond bhe cotnbry's acid pl:g
cag}aﬂi“&y.l

In order %Yo insure thal nc sulphur~bearing ssbterials were washed and
in order to facilitabe sulphurie acid oubpubs the LUouncil of Hatiomal Defense
also instruchbed cheaical ilndustiries to use all available stocks of pyrites
before changing to raw sulphur., The result of =1l necessary changes, was
much crosshauling among various planks, at a tlse whea there was a serious
shortage of rail cars. To alleviate this cemiition srrangencnts were made
with the Amgy wd Havy to ship acid from the nearest sanufzcturing point, with
élea.mnce settlensuts from tiue do time. Tids siupls plan provided a better
regional distribution of acid sud an incressed tank car efficiency.

Arrangenenbs were made with sulphur producers in Louislana and Texas,
in 1912, te ship sulplur in solid trainleads to distributing %@iﬁt‘a in the
Horth and Bast. Fres these points the cars were distribubed to individual
Lcnaumnm planks, thersby saving much imvaluable time.

Gurlng Oetober, 1917, a cemsities of enginesrs detailed by the Jureau
of Hines, surveyed tlie »ﬁulgaimf situalion. Froperties of the Fresport and
wly of

sulphur and possibilities of inmcreasing production. Sboeks of both compa nz.ea

Union Cowpanies were closely exaxined to delemalne Lhe avallable si

15 uells and Fogg, pp. Sib.s pe &

16 Bernard M, Baruch, Report of the War Industries Board, (1921}, pp. 1é62-
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were Gobe neg

next five vas

2,000,000 fron Fre

—-,g‘}s{ UQL t‘,g'\‘ 18 u)\i

iz oubpub Loy 1919-1320 by inerssse

900,000 tons by Unlon, also incran

ing the size and nuaber of sbeaning pleats, Such am ! bend fo
gt bhe deposils S g 3 sarked decrease in the two
sufficiently to ethaust

nsballation of additional enuipwent was not recommended,

M

The engineers reaport pointed oub that cach swlphur company use

o

approxianately 4,000 barrels of fusl oil per day 's supply came fron

Hexico by boat, while Union's supply came from Hewxico and the fislds of
Loulsiana and Twnas.

- dmporbant role of sulpimr in national

Sush a report showed |

defense. Hesopndiuing the vital characber of the sulphur deposits, he

B

L2

iged, in ey 1917, wilitary

indomitable, Ueanersd Jomm J. Ferohir
probection for the Fresport plunt situated on the Cull of Hexice ab the
mouth of the Bragos Hivery z sibe exposed to adtack from the

lncreased absadily beglinning in 1514, and lasted

L
!
5
5
:
3
‘e
g
f
=
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throush the war perlod. Uperaling bechnigue greduslly overcame extraction

diffienlties from this pecullariy porous formmtion. Applied expsrience,

wells, incressed the average outpub per

accumulsted in drilling asnd stew

- of the eutire sperstion fellowed,

well., iporessed sfficlensy nnd
Lhe war a railwsr sour bhres and one~halfl miles in lsngth

AT

SRE. ey
FRAS S

g

laid Trom the city of Freeport, to the nine site.
R

southern Faciffie Hailwny Uoapany inecreased leading facilitlies of Freenord

sulphur Sompany.
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Sufificient distance from thaAﬁaa, of the Union mine in Loulsisna
realuaeﬁ dangers of attack froa Gerssn ralders, bub the operation offered

¥

othor difficulties. Iin l?ll.the sulphur flow sﬁ@ppeé# the staff vorked upon
the ?rablam for gbeut six menths without success and fineldly o2lled upon

doetor Fraseh, s seriously 111 man, te holp sclve the problem. Frasch deteraine

ed uhe ilfficulty arose from excessive quantities of celd ground woler in the

sulphur herizon. Installation of bleed pumps, capable of withdrawing in

excess of 9,006,63@ gallons of cold waber per day, succeeded in removing

gnough of uﬁ¢& e perait pumping of bot wster down to do its desired work.

Thus overcoming anobier obstacle in sulphur mining; operators practice this

- abbain paximun production efficiency.

s¢ in the Union wmine became quite serisus, In 1914, wony
places wibhin h wines ares bad sunk a8 much as bweaty fest, and periodie
lowering of Lhe ground, necessitated filling to sustain the foundations of
17

the boiierhouses,

Gubsband

¢ among events et Sulphur Hine, leowisiana during the war
peviod inciuded the cyclone thab struck the aren in August 1918, 18 Jestruction
and davage n&aes&iﬁaﬁaﬁ susypension of operstiens, Zemporary shboppaps of
production fortunately preceeded two months of exbremsly heavy produckion so
that auple stoekpiles permitied the shipping of sulphur regularly from this
supply.

The strategic role of sulphur during the war preampbed prejects Lo mine

E

sulpppar from known deposits in Western United States. Mines loecated in

17 A+ B, Wells, "Report on Supply of Haw HMaterials for Manufacturers of
Sulphurie Acid," ¥ duskrigs Board, {(Harch 14, 1918},

18 Times-Pleayene, Hew Crleans, boulsiana, (Augnst 12, 1918), p. L.
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Colorado, Nevada, Utah, Idaho, Wyoming and one in the gypsum beds in Western
Texas reached production status, All were worked by the white steam process,
but produced comparatively little sulphur, Transportation difficulties,
inaccessible location and lack of machinery discouraged continued production,
following a few months venture by enterprising miners at these points., Efforts
were concentrated on the mines of the Gulf Coast salt domes., As a result of
such concentration the organization of the Gulf Sulphur Company developed a
new dome called Big Hill in Matagorda County, Texas. Ho sulphwr was produced
during the war, at Big Hill, but it was destined to furnish vast quantitiss
of sulphur soon, therefore erased all fears of a sulphur shortage, in the
United States,

Developments of new techniques in mining, efficiency in transportation
and marketing, sdequate supplies of fuel oil and plain hard work were each
equally responsible for supplying all war and domestic demands for sulphur
during the war., Emerging from this peried in a respectable position as an
essential industry to a war-time as well as a domestic econamy, sulphur
mining and the sulphur industry continued w._
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During 1920 and 1921, inevibable exhoustion of Union Sulphur Company's
opersbion at Sulphur Bine, Louisiana became plainly evident. Union's manage-
z:ze?xt began prespecting for additionnl deposits, Four doses prospected
indicated inadeguate amounts of sulphur i"@r econonie production, prier to
the suumer of 1%22 when the Tekas mplamtmn apasy optioned to Union the
sulphur rights at Daon Hound, fere they checked the considerable sulphur -
testing which the kxploration Company previcusly carried on in 1918 and 191941

Damon Hound is located in Horthwestern Brazoris Couniy, Texas, near
the Ford Bend County line, It is thir{y-eight miles soubhwest of Housbon,
nine niles south of g Greek and ten miles northwest of the West Columbia
oil field,

This nound was a famous camp site snd stronghold of the laranawa
Indisns. They recognized the strabegic defensive advantages afforded by this
natural elevation and established z sebblement on its higher porticos.
Arrowheads, burisl grounds, pottery snd stone lmplesents evidence this early
village‘z Un the west side of the mound the _Iﬁ&ians found a bluish~black
substance within and around a depression or crater-like formation, Unlike
the surrounding soil the substanece, possessed a sour, aeid bauste, being
aluays moist. The Indians discovered curative propsriies in bhis substance,

by drinking water that eolliected in the crater. The substancs referred

g George ¥, Sevier, "The Damon lound 0il Field, Texas,” in Haywond .
vzcore, editor, "Geology of Balt Dome 04l Flelds,% American Agsoclation of
jewn Deolopists, Houston, Texas (1926), pp. 633-6i3.

2 Ibid., p. 615.
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to is commenly knoewn as "sour dirt”, currently sold as nmedicine, and its
presence in seil is an indieation of a salt dome formstion. |

ligmon Hound named afber Samuel Bamaa,'a biacksuith who sebtled there
in 1830, bore erystals of pure sulphur exposed along the sides of gullies
on the northern part of the hill. This sulphur is of secomdary origin,
having been deposited in the erevieces and porous fargaﬁi@ns by ascending
vapors or solubions.

The sour dirt was reporbed by tests,; to indicate smnll amounts of
radicactive material; however tests by the Hadium ﬁﬁamﬂeal Company of
Fittsburgh produced & negabive reasction. A general analysis by br., E. 4, 3,
Bailey, of the University of Hansas; showed the Followingz components:

D148 % 4 » 2 « 0 s 2 2 v o s ow = o o4 2 s s 5933 percent
?erric oxide, , . . o aw e e e e 40U percent
Sulphur anhiydrid. o . 4 4 o o v o s s s o . 7 percent

>

')
ie - ) . 3
Bﬁlﬁhuf L L N A R AV P P IR 160i3 pércenx
Waber l.85 pe?centB

»

-

R A A B R R
Union Sulphur Gompany drilled 52 test wells at Eaﬁan tound ard set
up a swall plant in 1923, bub it was never operated. Exploration crews
moved to Big Cresk, for further prospecting. This ares hsd‘alsa been
prospected for oil, with sulphur appeariag in several wells, During 1925 and
1926 Union steamed and preduced 1070 tons of sulphur from six #@lls, and
aﬁﬁxnsively explored seversl additional wells, Uperatione at Sulphur Hine,
Louisiana ceased in 1924 aﬁd with no satisfaaﬁéry:hgldings Union Sulphur
Company dissoclved,
The plight of UYnlon Sulphur Company set forth the need for adequate
reserves, ¢his fact prompted detalled explorations of every sail dome known

during the sarly 1920's.

3 Ibid., pp. Gle~015
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sxploration debhods

lrdroduction of zeophysic:l methods of exsloration in the Gull Svast

d successful practice of this webhod in 1924, enabled

locating domes which gave no zurfsce indieation of their presence, Furiher

benefiting the sulphur miner, geophysical szploration accurab
the dopth of the dowe, This fen
and economiv lisntations of the Vrasch Froeess of extrasciion prohibit wining

sulphur at great depths,
veophysical explovalion methods epabled definibe Joecstion of vast

in 1927, do mound gave surfzce evidence of

.

h proved to be the

e

larpost sulpiwy deposit

Location
The locabion of iewguld has been zn jmportant factor in its develop-
ment, Lying vear producing oil and gas flelds, adecuste sheap {uwel cupplies

assure its cconoaical operation,., tater, rexcved {row the nearby Jap Bernard

River, supplemcnted with shallow wells, insures the operation agzinst

construchion of extensive waber supply lines, Transporbabion faeilities,

A

furnished br rall snd the Gulf of «oxleo, are esxcellent and expediend.
Low cost wuater transportation frow bthe Galveston ship-loading dock compensates

in somo degrse for overcoming distance o recsivers of ‘*uli, hur along Lhe

nard and cround the Grest Lakes. doreover, nearby petroleun
refiperies consume large shipments of sulphure,

Payslosraphie and Slimatic Jeatures

dewgulld lies about Sthree miles frow bhe Jen Bernard wiver, forby-seve

“,\

oiles gouthwest of Housbon and {uerby siles fron the Gulf texieo. Ko
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outstanding topographic features exist locally. The surface presents an
unbroken pattern, except for small streams and bayous., Elevations range
from fifty to seventy feet above sea level, with drainage trending seaward
and into the San Bernard River.

Average summer temperatures range from 80 to 95 degrees, while in
winter temperatures range from 50 to 60 dcgroea." Such a mild climate enhances
working conditions and economic housing facilities., First frosts appear
about November 21, with the last frost occuring about March 1.° This allows
an average growing season of approximately 300 days, during which time,
cotton, corn, grain sorghums, vegetables and fruits are prqiuced in the
surrounding area., The Southern Prairie soils, although highly alkaline,
support natural vegetation consisting of short and tall grasses, scrub oak,

6

native elm, willow, scrub pine, and other sub-tropical plants.,” This area

was formerly a semi-tropical jungle except for scattered small clearings.
Poor dirt roads, insects, snakes, and other pests hampered early operalions.
Early Prospecting at Newgulf
Several years before the salt dome was actually located, seepage of
hydrogen sulphide gas on the banks of the San Bernard River, a few miles

distant, gave hint of mineral in the aru.7

% United States Department of Agriculture, Atlas of American Agriculture,
(1935), Part II, Section I, Plate 2 and pp. 7-8.

% United States Department of Agriculture, Atlas of American Agriculture,
(1936), pp. 30-31 and 34-35.

® United States Department of Agriculture, Atlas of imerican Agriculture,
(19210-)’ Part I' PP« L=5.

7 James W. Schwab, M3, "History of Texas Sulphur Company's Mining
Operations", (January 27, 1941), Campany Files, Texas Gulf Sulphur Company,
Hewgulf, Texas,
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Shertly after the hydrogen sulphide gas seepage discovery, Gulf Froduction

sompany sceured a bleck of oil leases in the avea, Texas, Hunble and other

oll ecompanies beesme inberected. The firet well drilled im Sugust, 1923
produced oil snd during the following three yeurs the ares was an ackive
producer. tocassional signs of sulphur appeared while the oil-~driiling
activity progressed, Completicn of Gulf Froduotisn's wells, Chose Aumbers
thrres and four, in doreh sud Appil of 1UE7, revealud outstandingz quentitiss
of sulphbwr, Immediasbely sulpbur cumpanizs sought whal asppeared to be an
exceedingly pranising wise loecation., The Tewas Gull “ulphur sompany acquired
the sulphur rigﬁté for 3,000,000 cash plus half the grofibs with codts éf
equipment, iocluwding prospecting, reservoirs and towasite being deducted. In
this agreewent sn opbion went to Texas Gulf Sulphur UVompany on all sulphur
deposits discovered uznd conbrolled by the Gulf Freduction Compuny.

sulphur Fr

Pragtically 2ll the sulphur deposits at Hewgull lie beasath land

ospecting

»
L4

granted to Stephen . dustin. Oofore oil drilling in the area, thic sawe

grant was subdivided by the Hissouri land Company which scld
tracts Lo varicus individuals,

Sulphur rights, acouired by the Texas Gulf Sulphur Company, called for
drilling within a five-year period begimning im 1922, otherwise the leases
would exglire., Twenby-{lve rigs driiled in excess of Lwo hundred development

wells during the early part of the five-year lease pericd. This actien wain-

&5
£

_ P . g NP dier P an] N = S
tained the leases in foree and enagbled a detailed stuly of each coring.  DHach

wger, Texas Gulf Salphur

& Statement by H. A. Swenm, Assistant General i
Company, Hewgulf, Texas, {‘ugust 27, 1947).
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core was cavelfully assayed for sulphur snd inspected lor grade and porosity.
This careful survey isdicaled a sulphur formabiocs uynar éi iy

acres lying in bhe shape of o srosceat afouﬁﬁ bLize sast and souih slopes
of the dome. ~ulphur grades of the [orimation weraias high as 50 perceat

P

amd thickness varied frem a few iuches o over twe hundred Leet. Sulphur

gstigates of Lho deposit tolaled sver ferty-six allliion long bons.

Fning sulphur under leases involves mors expenditures of eapital

by which the compeny owns. Ideal wining conditicns

than opsrating a2 prog
cannot be atiained by foresd, scatiered @peratiémﬁ. bipst efficient epsration
of the Fraseh FProcess requires slose grouping of wells with drilling emerations
starting at the highest polint of the @hlyhUP~d€&FLﬂC ares. From this point
vork proceeds down the side i the dome Loward its periphery. This allows
even subaidence Lo close in tbe space from which the ﬁﬁlphur has been reuoved,
Such operational methods reuuirs land ownersbhip, or the ullﬁ& of leases

4 ylace o

govering the entire sulphur~bearing ares. Uperations tzki

individual leases enbalils the additional cost of construceting pipe lines for

ot
Fud
s
ot
fuds

het water, sulphur stations, sulphur swaps, and other necesgsary facd
Beonomie efficiency booonmes less when operating from imdividusl leases,
ifforts to secure large units of area on which to operate resulbed in

e *

abeut half the leases being pooled, The royalties paid on the leases were

5

. . . - . ; . 7 . .
agreed to by both parties on estimates by lmpartial enginsers,  The rengine
ing ungooled leases recuired simulbaneccus operations throughout the area

K2

forcing the company to mire on an individuzl basis on each unpooled leaae.

7 Statesent by A. ¥. Zemanek, Field fanager, Texas Gulf Sulphur Sompany,
Hewgull, Te wxas, {Septesber 3, 19&?}.
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Operating Dquipeend ab Hewpulf,

dimultaneous opsrations at Newgull, recuired enormous quaﬁtiéiaﬁ»of
superheabed waber. vYlans sdopbed required the use‘of eight million gallons
every twenty-Lour hours. .ost of this water cuass from the San Bernard
River, supplesenbed by water obtained from shallow wells. 4 roservolr
eontaining two hﬁnﬂreﬁ aimty*tﬁn acres with g water capacity of one billion
gallons a@nﬁﬁruated some alstance from the sulphur area insures adequale
uster supplies,

Fups, with a forty bhousend gallon per mimute capacity, installed ab
the don Jerazrd diver raiso ibs wabere Lo the resspvolr, uater taken fpom
the river during flood time or at high llow contains less mineral, there-
fore it recuires lesc sofbening amd is nmest desirable. taber from such
scureas io seldew suitable for wse in bollers and wiue witer heaters bzcause

the presence of matural salbts in solution. If not softened cerbain salts,
witen heated, preeipitabe fros solubion and coal the uailer tubes znd obher
ping with o hard scals, This seale hanmpers produetion by belng difficuli

Aﬂit:wrg

is pland efficlency and eag

to remove and
Bewgull almost all of the seale~forming amd corrosive substances are renoved
Froa the watsr before going t@’th@ poilers ar-hea%ers, The Cochrane hot
process lime~sods softening plunt ab Sewgull, being Lhe larpest of its kind
in the world, suecessiully treats thirby thauﬁand tons of water ia twenty-
four hours.

The power plant at FNewgull consisis of ten water-tube boilers. They at

grosent operate on nabural gas oblalned frowm 2 producing field abuut ten miles

2

0 Syatenent by C. L, Crr, Power House Honager, Texas Gulf Sulphur
Company, Newgull, Texas, {(September 2, 1947).

't [~
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distant Irom the plant. Zguipment stands in resdiness to pormit operation
with fuel oil if for any reason gas supplies sre interrupbed. Thizs change

- of & few aimdes, Seononizers aske offastive

power plantb will
allow, should gas or fusl oil nolt be available, the instaliment of necessary

equipsent for burning powdered ligalte, The ma

L5
toss

for vorbion of the stean is
aing; the romalinder being used for operation of

the sulphur in a molten condilivn when being

machinary

transuorted to storave vabs.
Pipe varying in diameber from one and one-guarhber inch to sixtesn
inehes, traverses the subire area. Pipes condust superheated wader frosm

e

ihe powerhouse to Lhe mining sone smi into esch well that is steamed, Uther

pipes rebturn m@ltenbsulphur to storage vats, where it c@als,l

Other opsrational esnizment inciudes several largs air compressors,
electric generators, recwrdi@g‘thermématers, pressurs gauszes, mebers and
varicus other units for regulating operations of machinery, o

Waste water, cslled "bleedwaber”, from the mines is purifled before
returning it %o the San Bernard ﬂiver; at a point below tidewater. This
practice eliminates dangefa of poisoning wild life, humar 1ife snd donestic
animals olong with destroying foul odors,

A power plant sufficiently large and cspable of producing tremendous
amounts of work is sbsolutely sssential in modern sulphur mining, Yhe hot

water, furnished by the power plant, enables contimucus operation, thus

11 4, ¥, Zemanek, "personal interview,” op. git.



Figure 2,

Sulphur Pipe Lines
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(Courtesy, Texas Gulf Sulphur
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preventing the molten sulpbur from conjealing in wells snd pipes. 4 shut

down of operations for le@s than one hour, would require monbhs of tedious,

painstaiking labor to ressve the solid sulphur from wells and conduits,

s N
Field Uperations

All sulphur deposits mined by the Frasch Frocess cccur in the caprock
] ) 13 . . .
of the salt domes, In horizental section, the doumes are cireular to
ellipbical in shape. Surrounding and overlying the dowes are clav, "guwbo®,
and sand, 7The upper portion of the dome consicts of a porous caprock couposed
lergely of limestong and calcite, wilth an occasional trace of ¢arbonates and
sulphates of other alkaline earths., The sulphur occurs in the porous lime-
stone in erystalline foram, delow the limestone lies a stratum of heavy
anhydrite which in turn overlies the rocli-salt core of the dome. General
agreemsnt prevalils thal these salb-sulphur domss are the result of intrusion
1
during the Crebaceous dpoch, 'ells drilled with a madern rotary oil drill-
ing rig penetrate the formabion exbending some distance into the anhydrite
Hot water 15 intrsduced and wolteon sulphur is removed from the sane well.
Fumping stations are erected at careiully chosen 10u“n¢ums within the
sulphur ares. Cfrom each statlon a group of wells operate. The station
equipaent consists of steam heated collecting sumps, control valves, meters
and gauzes which permit proper operation of the wells., FPipes {rom the power
house lead to Lhese stations and provide for distribution of water, steanm

and air Lo the individual wells,

2. . . . . .
G. L. Ory, “personal ianterview’, op._git,

-5 s - » o .

13 To the geologist and oil man Ycaprock” means all formations {rom
tihe top to the bottom of the anhydrite immedlately avove the salt, waile to
the sulphwr miner, “eaprock™, rofers to only the limestone strabum,

3

4 Haymond . Hoore, editor, Bulletin imerican Associabion of Yeircleunm
Geolozis t B. BeGoyler, "Urigin of North American salt Uomes," pp. 1~44 and .

Hans 3% &11e #The Upthrust of Sall Hasces of Jermany,” pp. 142-104, Houston,
Texas, (1346).
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Well loestion is infliuenced by existing locval characberisties at any

& ¥

point considered. Underground ;

%)

shysical features of the sulphur deposit and
the effective reach of the bol water subward from the well in bhorizonbtal and

-

vertical dirsetions deberaine wall loeabion,

eontinuousiy over long pericds, ingly iaversibten
age sdvane®s. owe wells last o jyear or more, seasiises producing as auch 25

one hundred bthousand long tons, Ubhers ceass to produes in g {ew weeks, due
to destruction of the well equipment by ground movesent, or Lo density of

the “prnnpgue™, which prevenbts circulation of hob waber znd wolben sulphur. 48

o

sulphur oxtraction mroceeds Lhe inbegriby of the rock sbirucbure is weakened,

resulling in n genersl dowaward oreep of the overlying formations. This

inequality of movesment in whieh different strata are involved brings about

bending or breaking of the well pipe thereby forcing the well oubt of servize,
Abandoned wslls are imeedlately sealed Yo prevent wsier ffom.escaping.ls
Jubsidence is a disadvanbage in mining In so far a5 it causes the loss
of preducing wells and eguipment fyilure. Sometimes this disadvanboge i more
than offzet by the relatively Impervious charaeler of the erushed exbhausted
sulphur formation. <ince wster cireulzbes through this eaved formation with
diffienlty, the inecomivg hobl wabter is edﬂfine& to the porous unexhausted parts
of the deposit. The conditions of subuidence as & factor in the actual aining
operation does not prevail ab all sulphur depésita. In some cases the barren
rock zhove the sulphur bearing stratus may be so Lthick and of such characler as

to preclude subsidence, Iroduction costs in miniang such deposits are greater

than in vhose were subsidence readily ogcurs,

15 4, ¥, Zeusnek, persenal interview®, op. cit.
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In the most successful type of deposit, the "zumbe" and shals, which
ovsriies and surrownds the duse are relabively impervious o water., dince
no natural oullel exists for the considerable volume of water which is pump~
ed inbe the dsposilt, the witer is removed at zractically the sase rate at
which it enters, by means of "bleed” wells: 3uch wells located sowme distance

from the aciive stewming Zone tap the depesit ai lower levels than the

preducing wells, This method remsves the wabter which cools in its douwnward
progress through the porous rock forsation, The incuming hot wuter displaces
the water from which the useful beat has been resoved, the laotiter being
progressively discharged o waste through the bleed wells. In this PrOCesS
a certgin degree of dilubtion cecurs with the eriginzl ground water.

The permanent equipment of = sulphur well consists of the undergrownd
piping and the necessary surface conncolions. These include hot water and
sulphur lines, both iesulated, :nd compressed air lines with the necessary
control valves. & one and one-guarber inch steanm line placed inside the

line prevents the sulpmar from solidifying. All lines

@

sulphur discharge
conveying sulphur are equipped with the ssnller steam lines, Jedinary

piping is used in the transmission of sulphwr since that material is not
corrogive unless water is prevaieﬂt. Pipe movements dua to bemperature changes
are offseb by expansion joints.

The drilling rig utilized abt Yewgnlf jis the modern oil drilling rotary
rig. All drilling ecuipment operated ab Hewgulf todsy is owned cutright by
the Texas (ulf Sulphur Sempany. <rior to this practice the soupany contracted
with other drilling concerns for all wells sunk. The cost of sinking 2 well

totals approximstely %lﬁ,ﬁ&@ilé

16 H, 4. Swem, "nsersonal interview", op. git.
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Upon completior a preducing well, the drilling equipment is rouoved,

<

leaving the steel derrick amd equipment to raise pipe as part of the pevmanent

surface egquipment. This practice enables ramoval of porbions of the pipe
for repsirs op replucement. khen wells are discontinued equipment is
salvaged ii possible.

The collecting sump dimensions depend upon operating conditions and

tne nusber of wells supplying sulphur, The suaps, lined with cast iron,
reguire steam heat by coils at the sides and on the bottom, to maintain the
sulphur in a liquid state.

then the sumps become reasonably full, mobor driven ecentrifugal pumps

orce the liguid sulphur throush sulphur pipe lines bo the s

The puups are eapecially designed, with all moving parts either submerged in
liquid sulphur or eguipped with steam jackels, Ideal operabing conditious

are determined in all instances by euperimens, emabling gasy control by &

R 1
single attendant at each stziion,. 7

Production at dewgulf
Initial preduction at ewgulf began farch 20, 1929. During vhe
remainder of the vear, efforis for improving operabtion technigues, install-

ing equipaent, and extending construction took nz recedence over actual

ing of the other principsal source of sopply

spurred plans for concentration on the dewsull operation.
The siovw bub consistent increase of oroduciion at Newgulf indieates

the exercising of comsideravple care in locabtion of wells, installiation of

equizgnent, and the aarketing of the product,

oo
o

R F ¥y ot I - .
I Zewmanei, Ypersonal interview," op. cit.
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The following yearly production figures of the Hewgulf deposit, lend

P

an ides of the magnitude of the operation.

Year Yroduciion
{in long tons)
1929 337,625
1930 705,806
1931 663,092
1932 . L1h,515
1933 597,236
1934 ' : T, 674
1935 879,695
1936 ' 1,181,229
1937 1,698,807
1938 1,204 ,5»8
1939 ' 818,322
1940 , 1,428,206
1941 1,839,391
1942 2,173,381
1943 , 1,186,881
1944 1,842,107
1945 2,203,416
1946 2,090,974
1947 247374255
Urand Total 27,853,541

This azmpunt of sulphur extracbed from the d&@pz;si'%. regpresenhs agproxi-
mately GO percent of the world's smaual outpubt, Since operations began,
tazes colleeted on selpbur resoved from the Sewgulf deposit, total
i31,373,997.07. This figure is Yar greater than the Lotal tax collected on
oll, gas and relabed enterprises within Wharton cownty. 7The gross tax derived
from oil and relsted industries in the entire State of Texas gemerally
ascunts to approdimately eighteen bimes that derived {rom sulphur aining.

The oil industry spreads over the entire stale, while sulphur mining is

18"Official Pigures.” 0ffice of Compbreller, Stabe of Texps, Austin,
Texas, (February 18, 1949).
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limited to Prazoria, Fort Send, and tharton counties. According to 4
law, sulphur severanee tax is 14.2 percent of value while oil tax is & 1/8
1y

percent of valus,

dtorage and Shipment

&

Sulphur {rom the pumping stations reaches the $;araﬁc vats through
insulated pipe 1inea,-eaéh carpying internally a small pipe in #hich live
steam eonstantly flows. This constant flow of live steam maintains the
sulphur in a liquid state, allows an avantflaw; and reduces friction, These
lines éisékarge direetliy %n thﬁvvats, Sulphur vaﬁs are- formed by the 801 id-
ificéticn of liguid sulphur in a sheet metol Bbin, Tﬁa sulpbur discharges
into ihe bin at a rate which incrsases the height a fow inches each day.
Uradualiy o large solid block of sulphur accumulates as the liguid sulphur
solidiiles. The sheet mebal val-walls are fastoned to the sulphur Ly neans
of woodeti spikes, snd the walls are kept only o few inches higher than the
surface of the sulphur., Under tihis practice two four foot cirips of sheet
metal suffice as s vat wall. Upon c@mpletianvaf the vat, bthe walls are
reaoved leavinmg only the solid bleck of sulphur, which is then ready for ship-
ment. This block of sulphuwr will stond indefinibtely without support.,

Spacing sud location of sulphur vats present a problem, It is important
when seleeting the site to consider areas of possible subsidence, ince the
vubs are generally 1200 feet long, 160 to 200 feel wide und 50 feethigh, the
tonngge contained in a single vab reschbes sboul Tive bundred thousand long
tons. under ordinary conditions, this wass would be susceptible to some

degree of settling., The Hewgulf operation’s vats are located some distance

G s o - $ Y T e ‘
19 Gross Heceipts Tax Laws, Jbabe of Texas, Article 7047 Section AOb —~—
Sulphur Producers, Austin, Tewas, {(May 1943).
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from the sulphur-bearing underling strabs, which reduces the probability of
severe setbling. ipsce bebween each vab allows the building of reil SOUPS
for loading »urposes. in‘relatien to the power plant, vabs at ?eﬁgvlf lie
about one nile distant, bebween Lhe power plant and wsber reservoir, where

«

the sub-gtrata offers the greatest resistance in the alne ares. Allbheougd

£

sore subsidenee Ias ccourred, the anount offers no sericus g@abiem,

The double track, five mile rail svur ownaed by the Texas Gulf sulphur
LomDany, &ﬁabl@% direct »ail shipment to the Jouthern Pacific m iﬂ line,
over which the léadeﬁ sulphur cars enter various trade channsls, Locomotive

cranes equipped with two~y.rd clamshell buckets, load ihe sulphur into rail

tars, ihese loaders are seb on railwey vunning

o

gnabling rapid hendliing.
Sulphur for shipuent is blasted frowm the face of ithe vats as regulred.
Vertical blocks twelve te twenty feet thick are removed at a tiue. Light

éxplsﬁive charges generslly spring the desired blocks of sulphur from the
vat, anawling rapid znd efficient bandiing. At Néwgull, permanently pisced
vats sre bullt uwp and broken down in rotabien, OCurrent shipwents of sulphur
lias prebably been in storspe for one to twa‘yearé.  The msnagemsnt believes
it wise Lo maintain large stockpiles Lo aveld curtalling shipnents should g
tenporary shut-down Lecome nscessary.

Gonneémeﬁ with bhe nining operations ab ﬁewgulf'is the Galveston ship
loading plant, Julphur for waber shipment reaches bhe docks by rail, where
it may be unloaded Por storage or be transferred diresctly %o ships from rail-
way cars., The sulphur loadling élanﬁ ab Gulveston, provides storage space for
thirty-five thousand long tons. Bguipsent at iuls plant resoves sulphar
from the storage piles or direclly from railway cars to the vescel's hold at

the rate of five hundred long tons per hewr, Granss with three-ton capacity



Figure 3.

View of Newgulf, showing sulphur storage vats, water supply sump,
city, power house, railroads and motor roads,
(Courtesy, Texas Gulf

Sulphur Company)

LS



Sy T Y Tigeiemd oo D IR B, MO, S FLire 8 g AN SR T
clamsiizll buckels ranove the sulphue fron cars or bins Lo hoopers waleh
wnd et S an) e P 5 % o7 P risy g ol .\,,“ 2 &% LA P, 0, D XN
aubamatically feed a converor i wad to the ship's held., waile being

conveysd 6o bhe vessel the sulphur is welphed whan In wotian. In addition

to b5y greast cuantities of sulphar move by wabter transpord
to numercus poiuts un bhe Atlantic and Pacifie Joasts, Sulphurie acid slants

in Harylang, Few Yorx and the Ureat lakes ares ecguse nunercus shipaeats to

reaci. faltimore and dew York alty, in eddivics Lo ovher peints. San Fadro,
Loa Angeles, and tsn Francises are bhe leading Worth fwerican FPaeific forbs
rocelving large oruers of sulphurQ

Ixported sulphur finds a ready mariet in hurope. ingland, Frauce,
ge. DTV 5 harwav; sweden and the LQW'Cuunﬁrieﬂ receive post of the Juropean
shipments. Ibaly, although producing some sulphur at present resceives
American sulphur, coming through the furopean sll program.

Laber felations

The peraannel at the Hewgulf eperation c cnprises for the greater part

iézlv skilled engince and tachnicia.s. Hexicans ecompose most of the labor-

ing group, althouzh this force rewmains very small in vunber. Horaslly some

785 emplovees at Hewgulf produce over two and one b don long tons of
salphur amnuslly, compared wikh the 200,000 Italian workers, who produceione
hundred forty-five thsuSand long tons in 1947.

Lﬂglﬁvef and emplovee rolationships sre such thabt no labor unions exist.

iown of operabtions, resuli-

[

no shut <

=3

This is extresely important ivssmuch as

E’}

ing from laver relabions, has curtailed production.

&

khile Hewgulfl was being sguipped and opsrated sore and more efficiemtly,

ot

bringing to the surfaee for industrisl use the vast sulphur reserves buried

L2
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CHAPTER V

WELOPHENT:  GRANDE BLATLLE, LOUISIANA

Incireased petroleum explofatians in the.Gulf CéastaliPlain du?iﬁg 1925~
1929 aided the sulphur mining industry, Undergrourkd physiecal characteristics
of the area provide petroleum pools in several distincet strata. Salb-
sulpbur domes generally contain oil reserves, o fact which prompis extensive

orospecting., Spurred by oil explorations, geophysical mebbods emsbled

&

e

discovery of the Grande fcaille deposit, lying beneath the east fringes of
Lake Grande Zeaille in the Hississippi lella area,
ioo Deposit |

Detailed surveys revealed the caprock lying beneath the swrface at a
general depth of 1250 feet, with the caproek averaging aboub 250 feet in
thickness, OUverlying the caprock is sand, zravel, gumba; sandy shale, and
scattered boulders. ' The anhydrite, beneath the sulphuwr bearing caprock and
overlying the salt plug, is fairly impervicus, which allows the molten
sulphur ﬁa 5ettle in a sump ab the ﬁell*s bottom, below e sulphur bearing
horizan.v Located beneath an oily marsh the Grande Ecaille‘depssit presentéd
the usual problems enceuntefed in modern sulphur mining, plus that of over-
coming adverse working conditions.

Topograshic Features

Characteristic of the delta region, the terrain comprises a low,

2 ¥
monctonous uninngbited ares of marsh land contsining numercus shallow lagoons
ardd bayous. Salt grasses supply the only vegetation and presents, in all

exd

direetions an unobstructed path to the errgtic winds. The general character

of this district can be easily visualized from the process of its formation,
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Johnson points out that coffshore bars formed enclosing long narrow lagoons
between the bar and the shorelines.® The lagoons maintained an outlet to
the sea by means of tidal inlets. The quiet waters of the lagoons favored
the deposition of fine debris composed of sand brought into the lagoons by
wave action, tides and river sediments, from the interior, The finer
material carried in by tidal currents was widely distributed over the shallow
bottom, while the coarser materials were added to the bar or dropped uear
the inlet to form the tidal delta.

HRivers, bringing in sediments from the land surface, deposited heavier
materials near the inner shorcli-ne forming deltas, while the current
delivered lighter materials 1n the lagoon, covering a wider are of distri-
bution,

Onshore winds blew sands off the beach and sand dunes of the bar
receded into the lagoon. Generally heavier materials dropped into the
water near the lagoon shore while lighter materials blew over the water
surface dropping and coming to rest on the submarine floor.

As the material accumulated, the bottom of the lagoon rose toward the
surface. lventually marsh grass began to grow. Deposition was sped up
by these grasses because the current was checked. Increased deposition
gave rise to increased grass growth and decay which isond the present
day expanse of soft slippery mire existing in the area.

Salt and Sulphur Dome Characteristics

Numerous studies made of practically all salt domes within the Gulf

Coastal Plain agree that the domes have been formed by intrusion of salt

1 Douglas W. Johnson, Shore Frocesses and Shoreline Development, (1919),
pPP. 374~383,
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overlying the salt plug, is fairly impervious. This allows the molten sulphur
to settle in a sump at the well's bottom, below the sulphur bearing horizon.
dnitisl Frospecting

0il possibilities prompted prospecting of the Grande Ecaille Dome in
July, 1939.3 These operations gave rise to sulphur indications. Humble
011 Company, Gulf Refining Company and the Shell Petroleum Corporation held
mineral rights, jointly, in the area. Frospecting, delegated to the Humble
0il Company, proceeded accordingly. All accessory equipment to oil prospect-
ing came to the dome from Harvey, louisiana by means of barges. The
eircuitous route followed by the barges, through canals and across lakes,
covered a distance of approximately 70 miles, This being the only practicable
means of communication between the dome and the Hississippi River, expenditures
for transportation were great and the task proved hazardous,

Large wooden mats placed on the marsh, with drilling rigs mounted on
them rt-:mmd a support for the Humble Uil Company's first two exploratory wells,
Hesults from this arrangement proved unsatisfactory, because the mats settled
unevenly. Drilling became difficult even for shaliow wells. OSubsequent
operations found dmicka set on piling with operalbing power derived from a
diesel electric plant, installed on a barge of special design, measuring
28 by 90 feet.

Hosquitoes added greatly to the diaconflorf. of the employees operating
the rigs. To remedy this menace, blowers, consisting of airplane propellers
attached with Hodel T. Ford motors, drove the pests away,

3 Wilson T. Lundy., "Development of the Grande Ecaille Sulphur Deposit",
mmmam% Ingineers, Iectnical
Publication, Number 533, (February g
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At this point, to facilitate the handling of material barges, enlargement of
the canal became necessary. Generally, widening to 70 feet for a distance
of about 175 feet allowed adequate space around the loecation, Completion

of the canal provided the means for towing the drilling rig inte position,
after anchoring the rig, by using the spuds, drilling commenced immediately,
This procedure, carried out with two like barges particularly well adapted
to the peculiar terrain at Crande Ecaille, enabled successful prospecting
at a great saving of time and expense,

The prospecting drills penetrated sedimentary formations consisting
of gumbo, sand, sandy shale and a few boulders, offering little resistance,’
The eaprock about 250 feet thick and usually encountered at a depih of
about 1250 feet at Grande Ecaille consists of sulphur, limestone, gypsum,
calcite, anyhrite, barite, pyrite and celestite,

The Flant Equipment

The chief problem in construeting and equipping a mine existing in
such a terrain as described above lay in the selection and type of foundaticns,
After exhaustive tests, it was ascertained that heavy reinforced concrete
mats, supported by piling for building foundations and piling for supporting
the sulphur vats, would solve the problem. Fills made by hydraulic means,
gave additional support to the mine area.

Varying differences occur in the formations of the alluvial Mississippi
valley, campared to the adjacent areas. OUriginally, extending from Cairo,

Illinois seaward, the present Mississippi valley was an eat.ua.ry.é Upon

3 K, T. Price, General Manager, PNOfort Sulphur Company, FPort Sulphur,
Louisiana, Correspondence to the kriter, (December 11, 1948).

6 Jﬂm. mo S&P’ De 379.




Figure 4,

Port Sulphur Loading Docks

{Courtesy, Freeport Sulphur Company)
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Loll cond sressures vy Lo 1260 pounds ser sguare

f»?,‘

worbing

foob exdst - places, whdle st obthers sueh burdens would resuit in
wnrestricted setileuent., ascive struchures must, for this resson, be
constructed on piling. In the lobate deltz of the Jississippi, ecpecially

2 &

sone distanse from bho river, o foundation comg imperative

- iitble suoposting powsr,

in o groun,

tuserous tests ravesled Bhat V5 foob »niling placed fowr

g oluster of cixtoen would support the welgbb oF necessary maberials

waed ia conisbruction of $he planb. During the driviag opersiions, Lhe
soil in its upper pordions offered practically no resistanse. The plles
ponebrebed, slnosh wnifovnly to o depth of forty=-Cive fowt, wunder Lhoir own
weizht and Lhe waight of the hamaer before a blow was sbruck. Selow the
forty-rive {oot depth, beavier solls ensounbered required geaslderabls
driving of ail piling.

Heser concrebe nsts distribube the lond uniforaly and give adeguate
ghranasth for veristions occurring in the inddvidual swpporting powse of

the tobal *zﬁ.:u“ recuiresants, ab Grande feaillie, amount &

the pi

over 20,000, varring in lengbb from forty to eighly feel. In addition to
the piling, approxiuately 10,000 cubic yards of comerele provide adeguabe

foundations for buildings.



The daber Supply

All water in the lakes, lagoons and bayous around the Crande Scaille
depositi contain large quantities of salts, Well water that can be obtained
in the area is brackish and it became imperative to develop some other source,
Investigation disclosed that water comparatively low in salt content could
be obtained from the Mississippi River.! A reservoir, with a capacity of
fifty million gallons, constructed near the Mississippi River assures an
adequate water supply. Water is delivered to the reservoir from.the river
by pumps, then passes through a pipe line, approximately nine miles in
length, to the plant, The power required for pumping is derived from an
electric transmission line of the same length. Storage space for 2,000,000
gallons of water at the plant provides additicnmal assurance for maintaining
continuous operation should it become necessary to make repairs or adjust-
ments to the main reservoir, pumping equipment, or pipe lines,

The Mississippl River water, though very low in salt content, requires
treatment to prevent objectionable deposits in boilers, heaters and pipe
lines. The method used includes hot lime-soda treatment for boiler water
and lime treatment for the water used in mining operations.

The Fuel Supply

Fuel oil utilized at Grande Leallle is received by three storage tanks,
with a 55,000 barrel capacity, from regularly scheduled tankorn.a These
tanks, located about 1500 feet from the Mississippi River, are buili on an
earth £ill, covered with sand. Oil barges operating through the dredged
canal deliver the oil te the wine site, where two 15,000 barrel firing tanks

7 George W, Leppert, General Manager, Freeport Sulphur Company, Hew
Orleans, Louisiana, Correspondence to the iriter, (December 14, 1948).

8 K. T. Price, Correspondence to the kriter, op. cit.



recoive it. Vhese Lanks, as well as the wber storspe banks, rest on piling
Foundstions sovered wilh concrebe mmbs. Uravily ensbles the fuel ¢il to

flow frem the bonks bo the mumps whore 46 s hestes ang vumped o bhe burners

with pressure,

shouid oil wupplies be inverrupbed,
Pual EGﬂSuﬂ.bﬂfv@a ong of Loe sajor itess of sest In siadng slphur.

2 N

}\1% efficieney is, bherelore, of grest inporlanes,

The neteasiby for hi

A

ol e . FrmEm g e e T Y
sanly-sowea jopsont over-sil

>

Wty percent woller sflicieney apu 3
Over eighiy percend ler effliciency ard

eificiency adcrues abt drunde scaills.
Lonsbruchion of the laat

The power plant amd all persanent buildings are soas amvt i of sbeel

[

which have corrugated ashesbos roofing snd siding,” Adusdous Belis asd olips

serve as fastenings. saberials used sae thiose uovd rusisiand

which is inoreazed by the nearness bo bthe ses. orackich sator o

gorrosive agents not oresent is fresh waler, tnerelcrs care emepols

seleeting construetiosn

terials, resuld in less regsir. Uslvanizes

window gashes, alumimez gatbers, snd downspout asize corrosive allacis,

Hurricanes, provalent in the ares, ¢ause severe dasage o bulidios,

- ot thes steel frases of ald

derpicks smd obher emqdppent.

ry

bo withsband 125 miles oo nows wiixis.

AL

&
L

buildings ars de
The floor of the planb, elovabted twolve feel above mean @ull Lide, provides

ample protection to Lhe plant during storms ang high tides. By  ewdling off

J? ey 3 Burns, *‘f*uuur‘g
:;jv}, ‘\r;Uz}«, i’f’ J)XA«G 4 ,u‘i}r
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the pilims aboubt one feol sbove the mﬁrﬁh, capping it with a thick concrote
wat and constructing piers to support the plant floor and couipment, space
for witer stborage bebween bhe floor and mab is :;avxue&.

?ou&dztiua cusby for the awrillary buildings averaged 2,11 per sguare
foot of floor space and the plant bulldings U2.20 per square foot, UConerete
costs mmounted o $17.30 por cuble yard. The complete eost of lustalling
| all necsssary operabing equipment ran high before production began. Haterial
cost includes 2,500,000 board feet of lusber used; 2700 tonms of steel and
meial piping, and the noving of over 5,500,000 cubie yards of earth, Furbher
costs cover dredging, field equipment, plant equipmeﬂi, docks and loading
facilities, and numerous niscellaneous necessary work snd maberlals. The
initial sver-all expenditure exceeded L4,000,000,00

Production
Initial production begsn, abt this operation, Jecesbsr &, l§33, aboub

ten months following the begloning of plont constructien. from the outset

workaen encounbered trunble.lﬁ It beecuzme necessary to pump mud inbo the
nines in order to attain therwsl efficlency gre:st conough for substantial
production. Until substantial progress in ismporving this pr@aeﬁure was later
made, production conbinued relatively low and costs remained high.

While sulphwr from the Gramde Cocallle depoesilt conbalins very little
ash and is commercially free of arsenic, selenium, and ﬁeiluriumga dig-
colaration sxists, imparting a dark color to the sulphur., Jaused by traces
of erude oil, this impurity, removed by distillation methods, provides sulphwr

with a pucity of 99.5 to 99.% percent,

10 jomn N udrrzngten, Assistant to the Preszucnh Freeport dulphur
Company, New York City, Correspondence Lo ihe iriter, t;ecm@har 20, 1948).
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The following production statistics show sheady increases but indicate

recessions,
Year
1933 17,705
1934 153,362
1935 ‘ 348,810
1936 279,660
1937 ' k2,230
1938 . 328,405
1940 535,910 ‘
1941 502,010
1942 i '55’7;?89
1943 643,670
1544 543,985
1945 112,425
1946 790,220
1947 , ' 519,380
1948 1,034,799

Aside from winor operatiomal difficulties, a heaﬁy sulphur tax imposed
by the State of louisisna, contributed shmeaLy to low oubuubs in 1936,
1937 and 1936, Taxes increased {rom sixby eenﬁs per long ton to two
dollave in July 1936, Ab the same bise the sulphur tax in Yexas resmsined
at one dollar three cents per lomg ton, where production 1n‘reasel Lalvby-
olght percent,

Althongh highly locnlized the sulpbur industry camannds no wide
politicsl influence, its product passes through every chammel of trads, epter-
ing ionuwaerabls industries, thersfore the loulsiama sulphur bax boeame hnown

£29%

in 2ll industrial wﬁter' sesg, ihe sulphur tax of 15 1/2 percent of value

%_mt

conbrasted with an oil bLax of abowt 2 3/4 percent of walue was not conducive

to production. Flnally in 1938, after much political wraongling, a soverance

u “uevart“ nb of fevenue”, Jtate of leoulgians, Lebon fouge, Louisiana.




tax levy of omoe dollar threc cents per long ton betsae the practice.
measure induced greater production; which sbeadily inereased.’
Supplying part of the sulplhur demand for national defense during World
war 1f, becsme important at the Urande Beaille operation. During this
period the price of sulphur remained steady. Tha‘Faﬁerai,ﬂava?nmenﬁ allowed
the sulphur producing companies in bouisiana and Yexas to sstablilish their

own price. These prices, of $18.00 per long ton f.o.b. smine and $22.00 per

£

long ton £,0.b. ship remnined unchanged, alihbe

L

s sulpive seld on the black

market as hizh as 545.00 per long ton, JSulphur reguirenents during the war
greatly exceeded poate btine newds, and the Urande fecaille operstion furalspe
ed approximately twenty percent of bhe adequate supply available ab sl1
times.

A aite on the west bank of the sidssiscsippi diver, gccessible by hoth

ighway, serves the Grande soaille operation with loading and

siipping facilitiss. Around these docks grew a asdel eommniity.

Tne loecation, on a uabural levee, required extemsive land fills but no
piling for %ﬁe*fﬁﬁnﬂahiaﬁ. imnd ab this point sslis by the front fool along
the river bank, instead of by the acre. Freeport Sulphur Cempany secured
2800 front Deet along the river bank smd ﬂ&tandiég 7600 feetl in depth.
Inciuded in the transaction was an eascment on a 1000 fool strip, leading to
the mine site. Through this sasenent passes toe cqnal bo the mine.

A major consideration in plamning fort Julphur included the elimination

i

. A ' iz, . . i o .
of hipghway beaffic from the tewn proper, A plot sixty-iive foeb wide,

3 5

2 snnotetion. “Hodel Comsunity of Fort dulphur,” Shemi al znd
Hetallurpieal ZEnginesring, Volume 4G, (Decenmber 1939), ppe 762-763.
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extending the full length of the residential svea zad parslleling the state
highuay cerves as 5 sereen. Immediate readways conmect, al inbervals, with
the bighway.

The town plan, vased on garden city grinciples, has houses facing the

gardens, and sebt eighty fect apart. Valks provide sceess Yo bhe houses.

asar entrance drives c¢liainate dust, tralfic, snd ucise and }.{meu the fronts

of the houses on gordens or porks instead of sirveets. Lo arrangenent

EF R

serving also as a saftey means, halps eldminabe traflic hazards to children,

Hotorways, comenboed with § it*v foot sbreets, conwtitute the main traflic

arteries. Guea spaces provide sreas for porks sad squares, which serve

53

as plargrounds,

Houses grovide three, our and five roon dwellings for employees
. i ’ >

and thedr fasilies, Climatic cornditions amd censbruction ms ber dictated
the eclenial-type aprchitecbure, which ubtilized twenty-seven distinet designs

to obtain wariety., Various reef lines, {ypes and color schewes provide a
cageriul living atmosphere.
Port vulphur provides community facilities usually found only in larger

cities. Among these facililties are a comsmmnity housey o cenbral beoarding

hougse for single exployees, theater, librovy, lighted Lennls cowrts, bagse-

ball snd 50ftball fields, o wotern hoopital and & school, second to nope in

'y

Lowisians,
The eommnity is clossly tied through social, educstion and welfare

= e
Iy

orgeninations,

fa

senl noint of compsunity 1ife costers ino the compuanlly house

39

wherein sszsesbles the parent-teachers asseclation, 4~8 Sluby athletic club,

theater guild ana obher mectlugs.

13

* H. 7. Price, Personsl Interview, Fovt Sulphur, Loulsians, (August 9,
1347).



Port Sulphur Housing Facilities

- - (Courtesy, Freeport Sulphur Company )
Figure 5, ’ $ : S



aplo C the sh enjoy these aaaautag&s

1

ab Fort Sulphwe, Frecport’

aaeourages Durthering

&

comnunity and Parish projects,

+ ]

Port Sulpharts stores, operabed separabely fros the Frosport Company,
ke available Lo the conmunity all neeessibies and Luturics desired.

T

iniamn on 211 hones in Fort Sulphur. Insursnce,

ee and his Lamily.

~atly toward the solubien

~
¥

of meny euployee subiie relsbicns problems, offering pobentisl obstacles to
& 3 Fd

the natien's econciic life,

Hmplovees coazube to work in conpanyy cwned mobor launches, The canal
connecting the aine with the fiscissippd Hiver provides means of trevel
and reecresblon as well as supplying o metbed of shipping sulphur,

ihe loading dnu‘“hlgﬁlﬂﬁ docks ceeupy 3 front over 1,000 feet in
length along the lississipni. The dochks accommodats veszels having a draflt
as wueh as thirby~five feet. A railroad alse links Yort Sulphur with New
Urleans and by means of rall &nd.water {ranspertation, sulpher fron the

Grande Zeaills Binme lesves for dosmestic and foreisn use.
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CHAPTER VI
ECONCHIC CONSIDBRATIONS OF SULPHUR IN IHpyst ax
Sulphur has always been referred to as g vory suﬁtle'ma%ﬁer." it
venstrates many industries, It possesses gqualities desirable and satisiying

Fy

for a variety of uses, foremost asong bthese include the 2bility to asswue

«

wany forms and adaptability to varying eonditions and circusstances, Uirth
of new industries generally {inds sulphur kla'¢n@ » role, This deoes not
necessarily lmply that sulplur always reinains as a leader, for new techniques
and changes in procedure may dinindish uses of sulphur in its importance in

i

the manufacture of a given « ummodzvy. foually probable, with its vitalivy
and versatility, it will adapt itsell to the situation; sumetimes even help-
ing disnlace the product which it heliped crsate, Ubvisusly it is impossible

to trace sulphur through all its branches of use in industry, or list its

multifarious uses in history, but an attempt wlll be made briefly to trace

%

sone of the influences that sulphur and particularly sulphurie aeid has had
on the development of Awmerican industry. As about 90 percent of all sulphur

“ u

used is burned to sulnhur dioxide, many sources of raow waterial are available

to sulphur consuming indusiries. Accordingly no atbaspt will be made to

&

differentiate betwesn the various materials.

T

The vulphur Cvele and Sulphur in o

The transfopmation of prirary sulphur and its campounds found in soils,
23

inko sulphates, its sbsorption snd assinmilition inbo proteins, and its

release by coabustion or pubtrefaction snd return to the earth are referred to

43

as the sulphur cyele. The first stage in Lhis cyele begins with a primary
sulphide of a metal such as lead, zinc or jrun and copper pyrites., Oxidation

of these to the second sbtage resulis in the formation of sulphates, The



sulphates when in solulion and loniced are obsorbed from soils by plants,
where they enter into the third sbage in living proteins and other complex
consbituents of the livimg plants. Uiea a plant aeaseé to geow or is
harvested, the Jourth stage, putrefaction, may seb it, azino aecld formed

o z

during hunifieation, releasing the sulphur as hydrogen sulphide, or the

>

sulphar may be released by eoubustion as sulphur dioxide. oulphur dioxide

®

is soluable in water, furaing suiphurous acid, which agsin is readily further
oxidized, Forming sulphuric zcid. When any of these sulpbur produecits are
present in the atwosphere, they are likely to be absorbed in rain and return~
ed to the earth.l Bearing in mind that nmatber cannot be destroyed, but its
form con oe changed, the'sulphur eycle is easily understood.

buring the sulphur cyecle, sulphur brought to the earth in rain or dew,
added to the soil in irrigation water, and reburned in manures is frequently
insufficient Lo balance the loss in drainage water and crop removal.
Fertiliszer helps compensate the loss of sulphur in seils ducing the sulphur
cycle., Sulphur is important In the fertilizer industry becausc it is used
in the form of sulphuriec acid in preparation of phosphate fertilizers.
Sulphur is also used as a dust, in funyicides aud insecticideé. Furtheraore

it is a valusble ¢nﬁredlent of ferbtilizer itsell, alihough untll recently more

e

attenbion was given to nitrogen, potash and phosphates. Teday thers is a

general vecognition of the fact that sulphur is 2 necessury building materizl

1y, ¥, felley, "The zeclamatxon of Alkali Soils." Lalifornia fAprd. Ixph.
Sta. Bulletin bo. 455, (1928}, pp. 2=3.
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5
for various plant substances and produces important formative effects,

It seems to play & part in chlorophyll developuent, as plants are usually
light green in color if there 1s a sulphur deficiency. oSulphur gives strong

roct growth, greatly lnereases nodule development in alfalfa and clowvsr,

&

timulstes seed production aud generally encourages more vigorous plant
. _

d@V@l@pﬁﬁﬁt.J This combina%ipn of factors causes agriculbturists to give
inereasing attestion to sulpbur as a plont nubrient.

“Ztacugh there was no direct effort to introduce sulpﬁur into fertilizer
through supsrphosphate, the Lrestaent of phesphate rock with sulphurie acid
ms dune 20. As the Zouth conbtains the greatest deposits of phcéphate
r&ek, this ares becawe Lhe largest consumer of fertilizer and the mebhod
of fertilizer wanufaciure accounts for the development of the acid industry
in that ares. In 1584 the fertilizer industry used about forty-five percent
of the botal sulphuric acid pr@dueed,b but with the development of genera
industry io the United Jtabes this proportion graduslly decreased until
anoub 5ne—third ef the sulpburic zeid produced finds ids way inbo the fertilizer
inﬁustry.s

Although few outstanding chonges have gecurred in the industiry,
technicians have devobed much time and thousht Lo im@rgving'ﬁethfvs and

processes of acid manufacture. Numercus efforts and experiments have been

made Lo replace sulpburie aeid, Basic slag for fertilizer nurposes was made,

2 i o, PS4 . o oy s, e ety e Y o
G, H, Codfrey and Herbert &ich, Texss lxapb. Stg. Progress Apt. Ho. &75.
v, b, Worsten and . L. Powers, "Aeclamation of Virgin Black Alkali Soils”,
Journal of imerican Soclety of igromomy, Volume 26, (1934), pp. 752-762.

34, L.VWalker, #oulphur and fgriculbtuce”, Fertilizer Heview, { Septenbar—
Uctober 1947}, p. 3.

Ly, W, Duecker and . ¥, #ddy, “Sulphur's Bole in Industry", Heprinted
ey ® - . » R Y -
from Chenleal Industries, (February 1942/, p. 5.

5 hal‘}{er, B S&!.’ Pe 1.;,,
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in 1692, ia a blaot fuecpace from dron ers contalndng phosghorus,  Obher
means have come inbe procbice, bubl swiphwr still retaine 1bs position in the

imdustry. Yhls s due to ibs ease of applicstion, chesgmess; supply, adapt-

abiliby asni

prise of fertilizser mwamfacturaers.

Pfuring the years Imuediztely prior o dorkd War I sboub 1,500,000

E

tons of aeld, 100 ;er@eﬁt basis, wers used Tow Zertilizer, Greatly stimulated
by the wapr Lhis demsnd has incressed following the cessabion of hostilities.
Dozestic requiremenbs and foreign shipuents have resulted in fertilizer
production reaching sll-time highs. The year 1946, saw 3,020,000 tons of
sulphuric acid, 10D percent busis, used for fertilizer. These fiszures were
increased substantlally in 1947, when foreign shipments and the farsaall

]

Plan beewne responsible for a large percent of Lthe ancund produced and

consuned.,

&

L1

fhe important effects of sulshur on soils and crops include:

1. Improvewent in soil structure or physieal conditien,
2. Hodification of soll reaction with improvesert of arid soils.
3. increase in moisture holding capacity of the sedld.
" L. Gorrection of alksli soils. '
5. Improvement in the supply of sulphate, which is an essential
plant nutrient,
6. Liboration of basic nutrients, such az caled
potassiu. S
7. Hibergbion of phosphatos. .
. oStimulation of bepeficial micro-organisas concerned with
amonification or nitevilicabion znd sulphar wddation,

gresivg and

9. Increase in chlorophyll and perobably Vitamin A. content of plants,
1. Inerease in root and root nodule development,

11; Increase of sulphur and protein contents of the plant.

2, Incrsase leafiness with less shattering of legunme hay.

Duscker and Bddy, op. cit., p. 5.

ngineering, (February 1947}, pp. 108-109.

X

&p, L. Puley, "the Relation of Julphur to Spil Freductivity®, Journal
Americsn Sociely of Agronowy, Volume 8, (191&) pp. 154~1860, W. F. Relley,
“leplaceable Deses in ~oils", University of Califernia iApgri. fxupb. sta. fech.
Paper No. 15, (1924). G, H, Shedd, "fhe Helation of vulphur to Soil
- Pertility“, Kenbucky xpb. Ita. Hul. 188, (1914, pp. 595-0630. K, Stewart,
“sulphur in Helation to Soil Fertility®, Illinods Aegri. ibxpt. Ota. Hul. 227,
(1920},




Sulphur has long been known as an sssential plant nutelent, but the
anounts needed by plants relative Lo the supply in soils were until recently

undeterained.  Lumerous sl varied experinents have been conducted wit

g..a.

gthersvéaing surrent ly carried out Lo debsreine needs of various soils,
order Lo achieve wmaxiusum productivity at sdnlwua inputs of eapital, The
previcusly nobed facts are reached by careful experiuenis,

vrude sulphur sufficisntiy fine for use ag svil s liundf 18 available
at a satisfuctory price to meet soil needs or plant requireucris. Sulphur
. suitable for soil use osddizes in o pericd of five wontlis.. Farmers follow
tiie general practice of applying sulphur on g ealm day hecompsnied by
immediate harrowing. Harrowing zids di atrlhuﬁiun and converts théasulphur
to an effective sulphate'fsrm, alwn with ﬁruvozt ne 1ts blowing or washing
away. +fhe landplaster serves as a desirable tool for mprhﬂalnﬁ. é&lphur

should not be mixed with fertilizers containing nitrates, as such mixtures

Sulyhuring the soll bocomes the permanent practies of many farmers and
results in increased returns for erops. Black slkaline soils respond besh
to sulphur treatment. sany localibies wikb acid soils find a treatment of
limes and sulphur hizhly peacticable.

Srop Inssct Dentrol

Faruers in the cobbon, peanut and fruil producing aress for the past

o

two deecades nave relied apon the conbrel of insechs by sclphur dusting. Uur

tf!

goblon crops ranks as cne of our great agriculburezl rescurces. Hillions of

people throughout the South depend uon cotton for their liveliheod. Uulphur
¢

plays & great part in lowering the production costs and increasing the yields.

G . . e
¢ Uuley, op. cib., D159,
iy

L=ty

vursten and Powers, kee. git., p. 757.
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Contrel of the Sotion Flea Hopper

The cotton fles happer, a small insecl aboub one-eighih inch long,

greatly heugpers cobion produciion. Fleas hoppers i Lie most serious

Gamage to sumll cobbon bepadinal buds and scqusres,

to the suall size of the insect, meny farmers attribute such losses to un~

favorabls weabher coadibicas,

Trhe Pureaw of Pabtomology awd Flant Yusrentine has comducted experliuenis
at Port lLavsea, Texas for bLhe control of the cotton fles hopper. Exbending
over a period of years, experiments showed an incregse of a yearly average
prolit of ¥ha75 per acre, whers largs—scals sulpbuwr dusting was conducted.

Twelve pounds of sulphur per aere, applied at five day inbervals when

the air is calm and the cotton is damp, until infestalbicn is under comirol,

‘.‘ﬁﬁ
£
tﬁiﬁ
pus
o
5]
£
=
’;s
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&

2
usually gives satisfaectory results. lHarly application inm sc

«

cotton root rot is prevaleat, ars advisable In order to cotablish an early

crop before rool rot proves fatal. Uhere such conditions prevail, appli-

te square.

cations should sta
of V%TIOda dusting nachines used fer control purpesss, the airplane
proves the most effective and effici@nﬁ, and itz use has booome widespread.

14

th erop devastating insects.

rnl

in areas infeosted v

1y P, $w1ng and He L, mcua?f, "Sulphur as an doonoaical Gentrol for
the Cotton Flea Hopper®, uldea Cir. =348, bur, of zot. and Plant Suar.,
Uaited States Uépartuent of fgricliure, ihgril 193)), Pe 1.

12

Ewing and ﬁcﬂarr, s Cibay me 5.
1-3 g;v F .
Hoppert, iimeo Cir., Apxas szrd.

Bibby and F, L. Thomas, "Fleld Tests in Controlling dotton Flea
zt,‘&ta', College station, (1933~1935), p. 1=2.

et

Ls ¥. Fo Bibby and J, <, Ga;nes, Texa% Apri. Bxot. Sta, 47bh Aonual
Zeoork, Goliege Station, 41)5&1, P b5.
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The Zoll keevil sng ded Soider

Busting cotlon with finely ground sulphur at the rate of ten pounds per
acre controls the red spider. Very destructive to ecsbbon, bthis mite

devasbates large areas in tne southwest.

For conmbrol as a counbined boll weevil and red spider application, eight

X

pounds of sulphur mixed with four pownds of ealeium arsenate {or each acre,
18

3

is recommended by the United States bepartuent of agriculture,

A5

Farmers also reccomeng sulphur ausbing for controliing the cotion plant

f-

bug, the ternliched plount bug, and cotbon dauber, as well as for the fles
hopper.lé

uQﬁanﬂdo and admizxtures of sulphur successiully combab insects and
fungi harmlul to iruwit culbure, trees, btuber crops, tobacco, onions and other
fraits and ve genablea‘l7

From the forsgoeing facts, sulpbur as an essenbial to soils zpd asgriculture
cannolb be aver—‘"phaaized; Yractically no plant life exists without sulphur,
and in soils deficient in the element, sulphur treatmmnt gives an optimum
return frow creps;

The sulphur industry supplies the major portion of the necessary raw
material for the manufacturs of sulphurie acid used in the productlion of

fertilizer ang [or soil use., In 1947 the mines of louisiana and Texas

produced bL,364,693.54 tons of sulphur, thereby furnishing ample supplies not

Folsom, Farmer's Bullebin, Number 1658, U, Z. Departusent

15 ﬁr;-J; ' !
of Agriculture, (July 11, 1%43), p. 15.

16 Folsom, op. cit., pp. 18-19.
l? Tt [ TN } + < ¥ T S ey a3 I ety
we T. delieorge, “oome Aspects of (itrus Tree Decline as Revealed by
S0il and Plant stuwdies,” srisons sgrd. Zxpb. sta. rech. Bul, do. 60. (1936).

He O, Hartin, "The ielatlon of Zulphur to Z0il feidity and to the Lonirel
of Potatﬁﬂ‘&cah. doli Seience, Voluae 9, (1920), pp. 393-408.
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only for domestic use but for foreign consmption.ls Fertilizer manufacturers
now face the responsible problem of increasing tonnage output to meet the
requirements of the entire world. Long range planning by sulphur producers,
makes available sufficient supplies of sulphur to make possible the production
of greater quantities of fertilizer required and also supplies the farmer
with the much needed sulphur for i.nsect.icides.

Chemicals and M_&

Restrictions placed on eritical material for defense and war purposes
limit data and statisties for sulphur used in chemicals and acids, Chemicals
for defense purposes have consumed approximately 27 percent of the total
amount of sulphuric acid preoduced since 19&0.20 Therefore chemical manufacturers
use about 1,400,000 long tons of sulphur annually.

Sulphates, miphides and Qulphitoa conbain sulphur in varying quantities.
" Initially the production of bromine and chlorine involved i‘.he use of sulphuric
acid, although chlorine was subsequently made by an electoytic process.

Since 1832 bromine has continued to be made with sulphuric acid, however
there was a decline shortly after 1870 because of thegdavalopnent of a new
process of making phot.ographs.zl Suddenly, in the early 1870's, a new demand
for bromine appeared. The petroleum industry began to demand inereasing
quantities of bromine for manufacturing lead tetra ethyl gasoline. JSulphuric

acid and sulphur dioxide were applied in a process of recovering bromine

18 George H. Sheppard, "Official Figures", Collector of Internal Revenuo

t (June 17, 1948). « A, Coo T Figures",
MQM une __1: (g:rm 1%_%

19 Combined to avoid disclosing estimates of direet war application.
~ 20 Ghemical ingineering, Volume 54, Mumber 2, (February 1947), p. 109.
21l puecker and Eddy, op. cit., p. 7.
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from sea water which resulted in the consumption of considerable quantities
of sulphur in producing a chemical which formerly had only limited use in
medicine and photography.

Although the major portion of chlorine is made by electolytic processes,
sulphur compounds are again being considered for its production. Chlorine
shortages have caused the contemplating of replacing millions of cubic feet
of chlorine per day with hydrochloric acid made by reacting salt with sulphuric
acid, Attention is also given to a process of producing chlorine by react-
ing salt with sulphur trioxide.

The greater portion of sulphur consumed by chemical manufacturers goes
to sulphuric acid plants where it is turned into sulphuric acid. In this

form it enters other chemical manufacturers, oil refineries, fertilizer

plants, and other essential industries,.

Major industrial consumers of sulphuric acid include the iron and

steel industry, tanning industry, bakelite, rayon, explosive and petroleum
industries. COther chemical concerns consume lesser quantities, but remain

signifiecant in owr ecommy.m

The petroleum industry, iron and steel and chemical industry accounts
for approximately two-thirds of the annual consumption of sulphur classified
" in the chemical and defense category.

Comparison of the distribution of sulphwuric zecid plants with oil
refineries and iron and steel mille indicates the close relationship of the
industries, The Great Lakes area ranks second in sulphuric acid plants and

a ready market awaits the product at the nearby steel mills,

22_3‘“’ es Pe 7
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In the petroleum industry numerous refineries in the Gulf Coastal
area secure necessary sulphuric acid supplies from acid plants located nearby.

Plastics consume large quantities of sulphur, however defense measures
prohibit revealing detailed statistics on chemicals used in the industry,
Available statistics provided by Chemical Engineering in 1939 indicated
the industry is gradually increasing the use of sulphur. The total amount
of sulphur consumed by the industry each year ranges over 350,000 tons,

Fulp and Paper Industry

I;x the early days wood pulp paper was made by mechanical processes or
with aid of caustic soda. OSulphur entered the industry in 1866 when it was
found that wood pulp could be made by cooking wood in water containing
ekleim or magnesium bisulfite.> Commercial oparaticn of this process
evolved about 1884, and since then the industry continued to consume sulphur
in quantity. That it is a consumer cannot be doubted when today approxi-
mately two hundred fifty pounds is consumed in producing one ton of sulfite
pulp. Sulfite pulp is a standard raw material for paper manufacturing and
the sulfite pulp prepared for paper manufacture is also successfully used in
synthetic fibers,

Soon after the sulfite paper industry became well established a
competitive pulp appeared. The sulfate pulp process produced in 1907 again
brought sulphur into the pulp industry, but in the form of sodium sulfate,

In the wood pulp industry two competitive pulping processes utilize
sulphur and the active pulping agent is a sulphur compound. OSulphur dioxide
is also used as a bleaching agent, while in the form of alum compounds and

certain pigments in it imparts special properities to paper.

23 B, A, Maddox, "Common Commodities and Industries, Paper", London,
(1909), p. 6k
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In the wood pulp industry sulphur again reaches many sections of the
world., Horway, weden, Uanada, United states and other lorthern Zuropean
Countries conoume sulphur in quantity, in the wod pulp industry.

The ixplosives dndustry

Our {irst explosive was gunpowder which In curcent practice consists
of a mixture of seventy~five parts salipeter, thirteen parts of charcoal,
and twelve parts sulpbur. In 1845 Jchombein prepared Pguneotton”™ by ireat-
24

ing cotbon with a mixbure of stromg nitric and sulphuric scid, oeveral

severe explosiocns resulted in 1847 - 1848 while conducting experiments for

25

the manufacture of guncobton, This lead to discontinuance of ithe praectice,

Later the United States Torpedo factory at Trenton, New Jersey and the
uPont Lompany began ibs manufacture for service use,

The discovery of preparing guncction led to the development of smoke~
less powder, gelatin dynamite, Wlastiog gelatin, T.N.T. and pieric acid,
all of wnich require compounds of sulphur in thelr preparution. Sulphurie
aeid, the most used agent, is vestricled Lo dehydrating ﬁurpaség. It
requires 0.2 pound of sulphur to prepare one pound of smokeless powder and
0.035 pound of sulphur for one pound of T.H.T., a faet exbreneliy imporbtant
to Hational Defense. It is forbtunate that the roguairements of sﬁlphuric acid
are luss today bhan during the 1914-191i8 period, because the supply could
not be furnished. It is necesvary im all practice o rscover all unuscd

amownts of the acid required as cabalysts or rosgenis, in order %o insure a

supply,

>

~ Y g F O n
walke, hilloughby, Lt., "Lectures on ixplosives,” (Pregared for Unibted

States Artillery School), Wew York: John Wiley & Jons, (1897), p. 208,

25 Ibid., p. 210,
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rohibit publication of amounts of sulphur

v;_z

Havional Defonse neasures i

entering into bhe explosives Indusbtey aud for that reason a certain percent

e
i
o
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der chemicals. Dzplesives, aside froz those directly utilized

in Nalional Defense, consuzme approximately 90,000 tons of sulphur annually.

ihe Pye and Textile Indusbiy
soon after the eolonies established their independence, woolen and
linen goods were produced for dcmgﬁtic and fersign ssles. A sulphur demand
for bleaching was thus developed. Sulphwric acid replaced sour milk for
bucking and souring of textiles, Im 1797 a sulphuric acid plant established
at Philadeshis supplied thes entire textile 1nuuau*” with the needed acid.
iater the sane plant began the manulacture of alum, copperas and olher

>

chemicals used by the.iextile iddustry. Thus the esitablishaeal of enc of

-

the first industries in the United 3bates colncides with the first industrial
use of sulphur in this cowbry. Ixpansion of tne textile industry increased

the demand for sulphur coapounds. Chlorine, “radaceu by the aid of sulphuric

o a

aclu, 5erves as & wasacn for covbon w@udb snd obher texbiles., UHitpie,
tpdrochloric and acetic acid, cach used im the textile industry and requir-
ing sulphuric scid for their production, fwther inereased Lhe demsnd for
sulphur,

When rayon production began in the United States in 1911, the itextile

acid along with carbon

appearansa of cellulese acebabts on the market in the second decade

[
i
s

&
5’-7

S

of the twentieth conbury, followsd by otheor speelnl sulfonsbed chemdcals used

36 Hinerals Yearbook, (1946), p. 1186.
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by the textile industries gave further impetus to uses of sulplwr, Discoveries
each year stimulate the sulphur demand in the textile industry. OCurrsnily
the industry annually consumes aboub 80,000 long tons of sulphur,

Hiscellanecus Industries

The rubber, food processing and palnt wenufacturing indusiries normally
require approximately 175,000 long tons of sulphur sach year. Wubber is
useless unless vuleanized., OSulphur ensbles vulcanization of rubber by
giving hurdness and strength.

The paint andvlacqner manufacturing indusiry draws upon sulphur siock-
‘piles for various sulphur compounds., The element enters the paint industry
indirectly, as compounda éy mixtures, and usually aboub 100,000 long tonz are
consumed yearly by paint manufacturers,

%iseellaneous uses include medicines, processing of ores, coke and
steel, processing of food, liguor distilling, sugar refining and others too

MEIeTous Lo mention.
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CHAPTER VII
SULPHUR: TODAY AND TOMORROW
Coupetition and Substitutes
Curves of sulphur sales correspond to and parallel with accuracy years
of prosperity and years of recession. Sulphuric acid statistics — production
consumption, and stocks —— indicate the pattern for the general indexes,
which shows the most accurate picture of trade, OSince most of our sulphur
tonnage is converted into sulphuric acid, a glance at sulphuric acid
statistics generally reveal sulphur trends,
Sulphur enters largely into the production of fertiligzers, newsprint
and wrapping papers, rayons, steel, paint pigments and insecticides. In the
manufacture of hundred fifty important industrial chemicals the number
of times different basic raw materials are regularly employed has been
carefully calculated as follow:l

Index number indicating the frequency of use of raw materials,

1o WakioPioosssenesed? 6. Limestone ...eeceses63
3. c“l.-..........gl s‘ m.....‘......'m
Le Sulpmlr.nuuu” 9. Petroleum,scecesneeeld
S. su—t.....‘......?s 10. htum a’......".’m

No article of commerce reaches the ultimate consumer without having
sulphur used at some stage in its manufacture. The average automobile, for
example, has been estimated to use, including tires, thirty-five pounds of
sulphur, Sulphur gaies maintained growth during the 1930's when the repeated
cycle of depression, recovery and recession upset the normal course of

1 R, N, Keller and T. T. Quirke, "Mineral Hesources of the Chemical
Industries", Lconomic Geology, Volume 34, (May 1939), pp. 287-296.
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business. during this same peried, nolable changes cecurred in the sulphur
markel, especially in consumption and ceampetition.
Since the Ameriean sulpher indestry cecuples a eomsunding position in

world trade, iV sas been directly affected by developusnts abroad; netably,

.

a process Lor recovery ol elen enta.l sulphur from pyrites in Norwgy, and a

growing output of brimstone im Chile and Japan,

Thoe years follewing vorld WHar I show sulphur gaining in the long and

*

competitive batnlc s»i i pyrites as a souwrce of material {or sulphupis acid

i

cnulacturers perforned few

mamufaciure. From 1520 to 1929, sulphueic acid
experiments for raw aaterial scarces or with plagt progesses. These busy
:-,reérs: cummai;eq with 8 »491,114 shorh tons of o sl phur i'*’ actid; & reegmﬁ
production at thet time. Lwsediubely follewlng 133U conditions ephasized
costa to the manufacturer, Teclmical developuent led to less conswiption
of sulphuric acid in the pebrolews zad obther industries. The trend towsrd
reclaining acid from residusl products of aeld consuming industries and from

vaste products of oil reficery slwdge, sulphates and solutions, somewhal

curtailed 521@}:1::4{, acid produetion, The later

-

mobor fuel necessibtates roweving sulphur fron gsses used in ceracking processes,

5

22y
w2 56

]

1760 the use of acid has increased due largely te World lar II,

4

Lxplosives demanded vast guantities of the compound and also sther chemical
produckicn shortoges existed,
during both Horld wars, Germany endeavonred to meet her sulphuric acid

>

needs br introducing obher chemicals, Ho daposits of native sulphur exist in

2 1. P. Appleby, "Heecent Develomments la the Chemistry of JSuiphur”,
dournal of the Socieby of Chewical Industry, Volume 53, (Uecesher 28, .19:'1‘&),
131{“ 1097"11910 ’
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Germany and she relied largely upon imported pyrites from Spain, lorway,
Cyprus and both pyrives and sulphur freom Italy, Increased wartiue require-
wents foreced her bo derive sulphuris seid from bariun sulphote and caleium
sulphate. FProcesses developed by the 1. . Parbenindustrie plant at

Wolfen snabled Lerwmany to meet demands until her industry was destroyed,
She has demonstrated thal substitutes for both sulphur oo ﬁyrltEQ can
sustain a large diversified, national 1n4uatr141 *sta&iishmanﬁ, it remains
extrenely unlikely that countries posssssing either sulphur or pyrites will

n

resort to substitutes, except duriny the most dire emergency.

- Brimstone is the most favored sulphur a&té”lﬁl. Cheapnesa, availability,
the ease of converting to oxides or acid and its purily coupled with other
properties support its practability. &aﬁuranturers of wvarious @ulphur
compounds must consider the initial plant investment, dep r5013t1@n, lsbor,
pover, maintenance and newv yields from bwo raw maberlals. In terms of these
items of capital and operating expenses elemental sulphur oubweighs the
sulphur from pyrites. From plants of identical sisze twenty-Tive to thirty
percent more acid produetion results when using notive sulphur. Haintenance
remsins considerably greater when using pyrites with depreeiation charges
highaf than when using sulphur. Personnel necded when using priites doubles
that of sulphur consuming plants.B The acid maker majintains s nmore {lexible
installation if he uses brizstone than can be maintained by a pyrites
constning plant. This brings forth the conclus 13n that sanwfacturers ean
actually pay more per pound for elemental sulphur as coapared to a pound of

sulphur fyrom pyritas.h

3 T, H. Pough, Fresident uﬁutherﬂ Aeid and Chemical Company, st. iouis,
'éﬁssouri. ‘”orrcsmsndewce to the liriter," (December 13, 1948},

=

B A4, B. Wells and U, E. Pogg., "The Hanuifseture of Julphuric Acid in the
United States”, United Utales Sureau of jinss, Bulletin 184, {1520}, 37.
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Sulphur is a basic mineral and increased activity in the mamnufacture
of automobiles, textiles, fertilizers, paints, petroleum products, iren
and steel, explosives, war materials, drugs, pulp and paper stimulates the
sulphur industry. Wartime demands are greater than peacetime demands but
are unstable therefore less desirable. Normal demands require and give
rise to experimentation in prieing, providing competition among producers
with each company seeking steady buyers of large shipments. The American
sulphur mining industry is highly localized but commands wide attention
among industrial circles, The industry, favored with raw material, power,
transportation and water supplies employs directly comparatively few people
but indirectly maintains an influence on every American citigen.,

Sulphur Heserves

Conservative estimates place United States sulphur reserves sufficient
to last twenty-five years under present mining and pricing praetim.s The
Frasch Process of extraction allows mining at depths of twenty-five hundred
feet providing ideal underground conditions prevail. FPossibly a partial
solution lies with the price. No doubt the supply can be extended several
yvears by raising the price considerably, since known deposiis have been
abandoned because of uneconomical operations. Developing other mining and
recovery methods may alleviate the situation. FProspecied vut undeveloped
deposits exist in Alaska, New Mexico and Iwo Jima, with other possibilities
in Colorado, Nevada, Utah and Wyoming, where lesser deposiis have been
spasmodically operated but capital expenditure requirements uould mount,
rapidly if fully developed. Equipment being currently installed at a

L Norton, President Mexican Gulf Sulphur Company, Correspondence
to the Writer, August 26, 1948.
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deposit in the Vera Cruz Province of Mexico promises a daily output of
fifteen hundred tons, however reserve estimates have not yet been made
available, Hining practices in the United States permits conservation and
provides complete recovery of the mineral from each well steamed until
exhausted,

Modern sulphur mining methods will enable the United States to maintain
its world position in industry, agriclture, science and warfare until
exhaustion of the deposits, Reliable infomtion indicates the American
sulphur resources will supply domestic and, partially supply, foreign
requirements for many years before depletion of the reserves, During this
period the United States faces the problem of developing a substantial
substitute for the element or relying on imports when the reserves become
exhausted, The problem remains an important concern of engineers at

present and Americans may well be aware that the future of our country's

industry will partially depend on our sulphur supply.
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Synonys:  Srinshone

Chenjeal symbol:s

Color: Brizitt, el
&rawn, greenish, re

busters idesinous, sirealk, 1l

Clesavage: Imporfect.

Fracbure: uOﬂChOldul to unoven, rather britile Lo inmerfectly

Hardness: 1,5 to 2.5 (Yoh's scale).

Sﬂ‘“ﬂifi“ i;«’f‘?ﬁ"itﬁfﬁ &..b_{) to ﬁ‘:.g;.

Angle of Heposse: 35 degress,

Density: Cr r%t«1.~—- l}u 1La. per cti, £hay liguid, 113 ibs. per ¢
115 degrees G, { es ¥.) bulk, 85 to 95 1bs. por cu. [L.

Stomic Veligd nuaber 16,

ey-yollow, yellowlsh

[
Valence: 2, 4y
lelting Folut: 0, 114,28 degrees G. (235 degrees .} moncelinic
Lorm, 118.9 Y {246 degrees ¥.,.
Boiling Pointt 444.0 degrees C. (832,23 degrees ¥
ignition f’i’eé:*‘:zu LSRN n the air, approximately 26 (501,58

degrees . j.
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APPENDIX B

SULPHUR PRODUCTION IN THE UNITED STATES: 183049&6)1

(Long Tons)
Production

536

536

536

893

L6

648

2,232
2’679
Lo2

679

1,071
2,400
1,071

L46

1,607
4,696
2,031
1,071
4y313
3,147
64,866
Tsh43
7,382
85,000
295,123
188,878
36k,
273,983
247,060
205,066
787,735
491,080
417,690
520,582
649,683
1,134,412
1,353,525
1,190,575
1,255,249

Imports

88,119
105,266
97,721
O, 734
105,416
97,074
117,867
975245
98,406
135,958
162,789
117,187
105,823
125,459
122,096
139,280
141,905
164,504
141,533
167,712
175,243
174,939
191,033
129,532
84,339
Thy2hL
22,523
21,136
30,589
30,833
29,144
29,927
22,605
26,135
26,367
22,235
973

82

101

136

Exports

sesane
evssws
esswns
sssesw
ssavse
sssewse
ssocece
esssse
essves
escase
sessew
sesswe e
csveasn
sessee
cessens
seesvee
sssnes
LEE RN
sesesesae
sswase
eeses e
LEE N N
essscse

Sesees

3,000
11,522
1,437
35,925
27,89
37,142
30,742
28,103
57,736
89,221
98,163
37,312

128,757
158,736
131,092

98.
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SULPHUR PRODUCTION TN THE UNITED STATES: 1880-1946) - (Continved)

{Long Tons)

Year Production Imports lixports
1921 1,879,150 50 285,762
1922 1,830,942 269 485,604
i923 2,036,097 465 472,525
1924, 1,220,561 , 1,505 482,114
1925 1,409,262 100 629,401
1526 1,850,027 hS 576,566
1527 2,111,618 3,060 789,274
1928 1,981,373 I 685,051
1929 2,362,389 1,163 855,183
1930 2,558,981 8 593,312
1931 2.!]23’93@ ERE TN R LI-G?’ 535
1932 890,440 srvewsss - 352,610
1933 14406,063 Ly T3 522,515
1934 1,421,473 5,839 507,115
1935 1,832,590 1,978 402,383
1936 2,016,338 729 57 4200
1937 2, Th1,970 629 6754297
1938 2,393,408 2,003 597,107
1939 2,090,979 13,976 627,819
1550 2,752,088 2748L5 746,468
1942 3,460,686 25,632 585,279
I9L3 2,538,786 16,658 682,472
1944 3,218,158 33 675,232
1945 3,753,188 33 Gh2, 662
1.

-~ Data from *Hineral Hesources of the United utates,” 1835 theough
19313 1932 through 194¢ from YHinerals Yearbook®,



UWITED STATES SULPHUZ PUODUCTION BY H

Deposit

Sulphur Hine, La.
Bryanmound, Tex.

Big Hill, Yex,

Big Hill, Tex,
Hoskins Hound, Tex.
Big Cresk, Tex.
Palangana, Tex.
Boling, Texas
Boling, Fexas {Wewgulf)
Boling, Tex. '
Boling, Tex,

long Foint, Tex.
Jefferson Island, ia.,
Grande Icaille, Lu,
Clemens, Tex.
Urehard, Tex,

Company

Union
freeport
Texas Gulf
Texas Gulf
Freeport
Union

Duval.

Union
Texas Gulfl
Luval~Texan

Bakepr-iiilliansg

Yexas Sulf

defferson leland

Freeport

defferson Lake

Duval~Texas

(45, TILOUGH 1948

Froduction Lates

12/29/95-12/23 /24

11/12/13- 9/30/35
3/19/19- $/19/32

1/ 1/36~ 8/10/36 _
3/31/23~0operating 1949
3/ 6/2c~ 2f2i/26
10/27/28~ 3/10/35

11/14 /28~ 8/30/29 ,
3/20/29~operating 1949
3/23/35~ bf25/h0

&/ 2/35-12/ /35
3/19/30-10/19/38
10/20/32- 2/ /36
12/ 8/33-operabing 1949
5/’3/37*0peratiﬁg.l9h§
1/29/38~operating 1949

~ Long Tons

Produced
{in round
figures)

5,000,600

12,350,000

2,000
- 240,000
8,000

27,853,541

570,000
2,000
| 400,000

. 425,000

8,098,951
2,321, 545%
2,043,596%

‘E‘Qtal.q-mi:«q AR FAFI RN IR AN EL O DY 80,1;69,877

% 1947 and 1948 production figures are carefully compubed estlaates)

conplete statisties not

avallable,
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