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struction of those dams and through the dams above the mouth of the
Snake when river traffic justifics the cost of locks,

(2) Additional dams, with locks, for navigation only, at points 14
and 40 miles above the mouth of the Snake. These will be contingent
on the development of a commerce justifying through canalization
above the mouth of the Snake to the vicinity of Wenatchee, Wasgh.

249. Tt is recommended that the above-stated plan be adopted by
the United States as its guide in controlling and supervising develop-
ment of the Columbia River above tidewater, navigation being con-
sidered chargeable with the cost of locks through dams below the
mouth of Snake River and subject to contribution of not over
$5,000,000 toward the cost of those dams; and that the plan for the
tidal section of the river remain as at present, viz: Improvement as
needed to meet the requirements of seagoing and river traffic.

G. R. LukgsH,
Colonel, Corps of Engineers, Division Engineer,
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RESUME OF ESSENTIAL FACTS CONCERNINGEL ECTRO-
CHEMICAL AND OTHER MAJOR POWER CONSUMING
INDUSTRIES

1. Electrochemistry was first applied commercially to the manu-
facture of products which required temperatures too high to be
achieved successfully with fuels or which could be dissociated from
other materials only by eclectric current. The products which were
rendered commercially available by electrochemical processes at the
close of the nineteenth and at the beginning of the twentieth century,
namely, aluminum, fused aluminous abrasives, calelum, calcium ear-
bide, calcium eyanide, artificial graphite, silicon, silicon earbide,
ferro-silicon, sodium, phosphorus, and refined copper are still manu-
factured solely by such processes. To their ranks have been added
.other ferro-alloys, metallic magnesium, fused quartz, fused mullite,
tungsten, cadmium, bismuth, and a number of other substances,
all requiring electrochemical treatment but for which there is still
limited demand. In the last 15 years, electrochemical processes
have also been extended to the manufacture of products long made
by other processes, either because greater purity of product could
be achieved by clectrical methods or because such methods proved
more economile under specific conditions. Today, caustic soda,
phosphoric acid, potassium hydroxide, carbon bisulphide, the chlorates
and hypochlorites, as well as the gases hydrogen and oxygen, are



86 COLUMBIA RIVER AND MINOR TRIBUTARIES

produced electrochemically as well as by other methods. Today,
zinc from complex ores and copper from mixed ores are precipitated
electrochemically. There is a steadily mounting tonnage of steel
ingots and castings, of iron castings, of copper alloy ingots and cast-
ings, that is cither melted or heat-treated elc(‘tu(‘ally

2. The trend toward wider use of clectricity has gone so far that
it would be difficult to determine what industries should be classed as
clectrochemieal industrics.  On the other hand, electrochemical pro-
cesses remain sharply defined. Therefore, this study deals with the
position of electrochemieal processes and produets in industry as
organized and operating in 1929 and 1930, without attempting to
draw lines of demarkation between electrochemical and other
industries,

RELATIVE IMPORTANCH OF ELECTROCHEMICAL PRODUCTS IN FOWEHER
CONBUMPTION

3. Electrochemical processes consumed more than a tenth of the
total electricity generated for industrial purposes in 1929,  In excess
of seven billion kilowatt-hours (7,000,000,000 kilowatt-hours) were con-
sumed in the clectrochemical processes required to produce 50 sub-
stances. As the total number of produets manulactured in the
United States runs into many hundreds, the importance to power
markets of products requiring electrochemical processes is obvious.

4. But the significance of individual electrochemical products in
power development varies greatlyv. Industries whose products can
be manufactured solely by electricity necessarily carry a stable
current load and require a reliable current supply. But at least 22
electrochemical products out of the 50 covered by this report are
manulactured in such small quantities today, that, individually,
they have little present power market value save as they may add to
a specific power load by being manufactured along with other elec-
trochemical products. Each represents a potential power load, how-
ever. As a contrast, ideal products from the vlewpomt of power
development such as aluminum and ferro- alloys, require large amounts
of current per ton so that a cheap and abundant source ot power is a.
manufacturing essential; they are produced in large manufacturing
establishments, have developed markets, and give promise of expand-
ing markets.

While only aluminum and ferro-alloys can be said to meetall these
con(htlom following the year of general business depression, 1930,
other products meet the first three specifications—large unit con-
sumption, large productive capacity, established markets- -while a
question mark would be placed as to the date when markets may
expand beyond present plant capacities. The electrolytic precipita-
tion of zinc¢ from complex ores with the recovery of cadmium and
other metals, the precipitation of copper from oxide and mixed ores,
the manufacture of calcium carbide, silicon carbide and fused alumina,
necessarily require heavy unit and heavy total current loads. The
electrochemical manufacture of caustic soda and phosphoric acid must
compete with other methods of manufacture, but such clectrical
production already consumes large amounts of electricity. Growth
will depend upon the success with which electrochemical processes
meet competition {rom fuel and chemical processes. On the other
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hand, the electrolytic production of oxygen and hydrogen has not
vet asswmed large proportions although future conditions may
make such production feagible in competition with other methods.

6. The electrolytic refining of copper, the electric melting and
heat-treatment of copper alloyvs, the electric melting and heat-treat-
ment of steel ingots and iron and steel castings require a much
smaller number of kilowatts of electricity per ton handled than do
other electrochemical processes, but the tonnage of these industries
18 so great, the operating units so large, that total current require-
ments are heavy. All copper, except pure Lake copper, is already
electrolytically refined; only an expansion in amount of copper pro-
duced will materially increase the market for current in copper refiner-
ies. In copper alloy mills, in steel works and rolling mills, however,
the electric furnace is replacing coal, oil, or gas fired equipment;
replacements in themselves will add greatly to the electric load
carried by such mills in the future.

7. Consideration of electrochemiecal processes in steel works and
rolling mills draws attention to industries whose installed horsepower
is very large even though no manuflacturing processes are electro-
chemieal.  First among such industries is paper and wood pulp
manufacture, which 1s exceeded only by steel works and rolling mills in
total installed horsepower as well as in total installed electric horse-
power. Power 1s required for steam and for mechanical purposes
only. lts cost forms about 7 percent of the market price of manu-
factured paper as compared with power costs of 8 percent to 14 per-
cent for electrochemical products which are dependent upon electric
heat or electric deposition. As power forms but 3 percent of the
market value-of products in all manufacturing establishments, power
costs are almost as important in the production of some types of paper
and wood pulp as they arc in some electrochemical products. Total
electricity consumed in pulp and paper mills is also greater than in
many clectrochemical factories. Paper consumption is Increasing.
It scems advisable, therefore, to include pulp and paper along with
electrochemical products when considering probable future industrial
power needs of the country.

8. Other industries whose total installed horsepower is large but
which congume electricity chiefly for mechanical purposes, suech as
cotton goods manufacture, lumber and lumber products, foundry and
machine shops, railroad car and general shop construction and repair
arc organized in many units so that the power requirements per plant
are small. ~ Power costs form 2 percent or less of the value of marketed
products. Obviously, location near a large power supply is not a
consideration in these industries.

SPECIFIC POWER REQUIREMENTS OF ELECTROCHEMICAL PRODUCTS
AND PULF AND FATER

9. Power requirements of clectrochemical processes employed in
the United States orin Canada and Kurope are listed on pages 93 and 94.
The arc process securing nitrogen from air for use in the manufacture of
nitric acid and nitrate fertilizers requires by far the largest number of
kilowatt hours per short ton of any electrochemical process.  Since the
original arc process plants were built in Norway, however, less costly
methods of nitrogen fixation have been developed; nitric acid is made



88 COLUMBIA RIVELR AND MINOR TRIBUTARIES

by the oxidation of ammonia in the United States. The arc process
is now regarded as uncconomical and new arc plants will probably
not be built,

10. Aluminum.—DBut even in Kurope, as in the United States, the
largest total power load in electrochemical indusiries is carried by
aluminum. In 1929 in this country, over 2,500,000,000 kilowatt-
hours were consumed in the electrolytic reduction of aluminum from
its oxide, alumina. This reduction also requires more power per ton
than any other product manufactured in the United States, or from
19,000 to 25,200 kiJowatt-hours per short ton. Latest developments
in aluminum plants, here and abroad, indicate that power require-
ments of aluminum plants will be increased. Whereas the oxide of
aluminum has been extracted from the ore bauxite by chemical
methods until a year or two ago, new plants are extracting the oxide
by clectrothermal processes requiring 4,000 kilowatt-hours of current
and more. Furnace electrodes and furnace linings are also being
produced electrothermally at newly constructed aluminum plants.
‘Mechanical operations are all electrified. Wherever it is feasible to
install rolling mills at aluminum reduction works, the power load is
further increased by electrically heated melting furnaces and heat
treatment ovens as well as by the additional mechanical load.

11. Ferro-alloys.—The ferro-alloys rank second in importance
among electrochemical products in total energy demands. Ferro-
silicon containing 12 percent or more silicon, forro-tungsten, ferro-
chromium, ferro-molybdenum, and other alloys of these substances
required by the steel industry are smelted only electrothermally.
Ferro-vanadium is produced in the electric furnace and also by the
thermit process. Ferro-manganese, alone of all the alloys which
serve as scavengers in removing undesirable elements from steel or
which improve the properties of steel, is not produced electrother-
mally in this country although it is so manufactured in Canada and
Norway by American capital. The total energy consumed in ferro-
alloy furnace smelting in 1929 was in excess of 1,260,000,000 kilowatt-
hours. Almost 1,000,000,000 kilowatt-hours were consumed in
ferro-silicon smelting, cach ton requiring about 5,000 kilowatt-hours
of current. Power forms from 13 to 14 percent of the market price
of this alloy. Other ferro-alloys consume from 6,000 to 10,000
kilowatt-hours of electricity per ton but production is small; it is
increasing, however.

12. Newsprint paper.—The newsprint paper industry in the United
States including therein the mechanical and sulphite pulp manu-
factured at such paper mills, consumed almost 2,000,000,000 kilowatt-
hours of electrical energy in 1929. Largest consumption oceurs in
the manufacture of mechanical pulp, approximately, 1,280 kilowatt-
hours of current being essential to reduce pulp wood to 1 ton mechan-
ical pulp. When considered in terms of newsprint paper, the electric
requirements for mechanical operations per ton of newsprint averages
1,340 Kkilowatt-hours. Such paper also requires {from 8,000 to 14,000
pounds of low steam pressure per ton which is still sccured by fuels
except in plants where hydraulic turbines drive the main electric
generator. But electrical costs alone form over 11 percent of the
cost of manufacturing newsprint paper, and 10 percent of the price at
which newsprint paper is marketed. While the unit electric require-
ments per ton of newsprint paper are much lower than the unit current
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requirements of many electrochemical products, the larger tonnage
of newsprint paper, the regular daily demand for paper, the long con-
tracts entered into between newsprint paper mills and newspaper
publishers, make a modern newsprint mill manufacturing its mechan-
ical pulp almost as constant a power load as are the major electro-
chemical factortes.

13. Caustic soda and chlorine—In spite of the fact that less than a
third of caustic soda consumed in the United States is manufactured
by the clectrolysis of brines, approximately 660,000,000 kilowatt-
hours of cnergy were consumed in such production in 1929. The
passage of 2,328 kilowatt-hours or more current through purified
brine solutions produces simultaneously 1 ton caustic soda, approxi-
mately nine-tenths ton chlorine, and approximately 8,100 cubic feet
hydrogen. If power costs are charged against caustic soda alone,
they form 14 percent or more of the market price of soda; but if they
are divided proportionately with chlorine, power costs are reduced to
8§ percent of the combined marketable yield.

14. Other brine products—I1n 1930, all metallic magnesium manu-
factured in the United States was secured from the magnesium chlo-
ride extracted from well brines before such brines were electrolyzed
into caustic soda and chlorine. Metallic magnesiumn is exceeded only
by aluminum in the amount of current required per ton produced.
1t is still manufactured in pounds, however, rather than in tons, so
that total power consumption in 1929 was but approximately
11,000,000 kilowatt-hours. Metallic sodium, also produced at elec-
trochemical caustic soda plants, requires 13,000 kilowatt-hours of
cnergy per ton. This, together with such sodium hypochlorite and
such sodium chlorate as may be produced by electrolysis at electro-
chemical caustic soda and chlorine plants increases the power con-
sumption of these plants. Separate industries have not been devel-
oped in the United States for the electrolytic manufacture of these
three sodium products.

15. Caleium carbide —The production of calcium carbide, the basic
material for acetylene and for calcium cyanamide, required almost
750,000,000 kilowatt-hours of electricity in 1929. Unit consumption
varies from 2,600 kilowatt-hours to 3,200 kilowatt-hours in different
furnaces. All ealeium carbide manufactured in the United States is
for acctylene, the acetylenc being used for welding and cutting, for
lichting, and as a basic chemical for acetic acid and other synthetic
oreanic chemicals, Caleium carbide for caleium cyanide, used in fer-
tilizer and other chemical production, is manufactured in Canada and
in Furope. Had the cyanamide shipped to the United States been
manufactured here, an additional 85,000,000 kilowatt-hours of energy
would have been required for its production in this country.

16. Zinc and cadmium.—7Zinc 1s the principal metal secured from
its ores by electrolysis. Although 70 percent of marketed zine is still
extracted by retort distillation, the zinc content of complex oresin the
Northwest has been made available only through flotation and elec-
trolytic processing. Zinc precipitation already ranks fifth among
electrochemical processes in total amount of current consumed. In
1929, more than 507,000,000 kilowatt-hours were consumed in zine
electrolytic precipitation, from 2,206 to 3,200 kilowatt-hours being
required per ton at clectrolytic tanks.

B52—33——7
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17. The power load at zinc plants is being increased by a recent
demand for cadmium as a protective coating for other metals, Cad-
mium must be removed from zine concentrates belore zine can be
secured. Consequently, its electrolysis from zine concentrate residue
adds a valuable byproduct to electrolytic zine production. Cadminm
production required almost 3,000,000 kilowatt-hours of current in 1929,

18. Copper—-The electrolytic refining of copper dates from 1885,
Such refinement was essential for the recovery of valuable metals such
as gold and silver and for the removal of objeetionable metals such as
bismuth and antimony from western copper. Today, all copper, save
a small tonnage from the Lake Superior peninsula in Michigan, is
refined electrolytically. As such refinement requires only from 141
kilowatt-hours to 233 kilowatt-hours of electricity per ton, power is
not a large itern in the unit cost of copper reflining. However, copper
tonnage is sufficiently large to give copper refinement sixth place in
total power consumption among clectrolytic and electrothermal
ProCcesses.

19. A more promising power load is being developed in the South-
west by leaching and electrolytic precipitation of copper from oxide
and mixed copper ores. Such precipitation requires from 1,700 to
2,625 kilowatt-hours per ton. In 1929, two American plants that
have adopted this method consumed almost 63,000,000 kilowatt-hours
of electricity.

20. Lead, gold, and silver.—L.ead clectrolytic refining required over
6,000,000 kilowatt-hours. Such refining competes with pyrometal-
lurgical and chemical refining processes but has the advantage of
removing bismuth which may be electrolytically refined for pharma-
ceutical purposes.

21. Four fifths of all silver and one fourth of all gold is secured
through the refining of copper, lead, or zine ores. The precious
metals are cast into anodes to be clectrolytically refined chiefly at a
fow large copper or lead refineries, and at United States mints.
While the refining of silver and gold requires more kilowatt-hours per
ton than the relining of copper or lead, gold and silver are produced
by the fine ounce. As far as it is possible to determine, together,
their refinement required but a million and a third kilowatt-hours of
energy in 1929,

22. Copper ulloy rolling mills and foundries.—The power consump-
tion in brass, bronze, and other copper alloy rolling mills has approxi-
mated that required in copper refineries and is increasing. Until
1917, all melting and heat-treatment of copper and copper alloys was
done in fuel-fired furnaces or ovens. Today, almost all brass and
bronze melting in rolling mills and much in foundries is done in elec-
tric furnaces, the energy required varying with the alloy made from
195 kilowatt-hours to 300 kilowatt-hours per ton alloy melted. Such
melting operations required in excess of 220,000,000 kilowatt-hours
of electricity per ycar. Pure copper ingot is only meclted in electric
furnaces to a limited extent as present clectric furnace lining life is
short with metal containing more than 90 percent copper.

23. In the process of drawing, rolling, or piercing copper and copper
alloys into wire, tubes, and sheets, the semi-finished product must be
softened by annealing. In products such as hard-drawn wire and
tubing, careful temperature control is essential and electric annealing
furnaces arc displacing wood-fired muffles. Such annealing furnaces
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consume from 50 to 100 kilowatt-hours per ton of copper-alloy
handled.  While data concerning the actual number of installations
of clectric anncaling ovens is not available, it is obvious that any
general adoption of clectric annealing furnaces would bring about a
heavy increase in the power load of copper alloy rolling mills.

24, Steel - Blast furnaces, steel works, and rolling mills outrank
all other industries in installed horsepower, only three fourths of
which is electric horsepower. This ranking position is due to the
fact that iron and steel tonnage exceeds all other metal, chemical, or
paper tonnage by many millions, rather than to unit power require-
ments of iron and steel products. But clectrification of steel works
and rolling mills is proceeding rapidly not only for mechanical opera-
tions but for heating processes. In 1929, 1 percent of steel ingots
were refined in electrically heated furnaces requiring approximately
210 kilowatt-hours per ton molten charge. Such clectric refine-
ment consumed 125,000,000 kilowatt-hours of energy. Twenty-six
pereent of steel castings wore melted in clectric furnaces, consuming
trom 500 to 760 kilowatt-hours per ton cold charge. An increasing
number of clectric furnaces are employed in the heat-treatment of
alloy steels and carbon steels, specific operation requiring from 50 to
500 kilowatt-hours of current. Electro-galvanizing, electrozineing,
and electroplating are also increasing. Probably the hestmeasure-
ment of the part all power, regardless of source, plays in steel works
and rolling mills today and the part which electrical power and heat
may play in the future is gained by a comparison of the present cost
of fuels and electricity in steel works and rolling mills and the market
value of all manufactures. Electricity and fuels form 6.6 percent of
the total market value of products today.

25. Artificial abrasives and refractories.—Closely associated with the
development of hard alloy steels is the manufacture in electric
furnaces of fused alumina and of silicon carbide, the latter heing
second only to the diamond in hardness. Both serve to grind metals
and other substances and as refractories where high temperatures and
dufficult heating conditions must be met by furnace linings and equip-
ment. Silicon carbide requires from 6,666 to 8,333 kilowatt-hours of
encrgy per ton and fused alumina from 2,000 to 2,540 kilowatt-hours.
American firms manufacture both abrasives in plants located in the
United States and in Canada. While the crude materials are con-
verted into marketable abrasives in this country, electrothermal
processcs are carried on more extensively in Canada than in the
United States. Crude silicon carbide and fused alumina produced in
electric furnaces in the United States in 1929 required less than
70,000,000 kilowatt-hours of energy whereas erude abrasives produced
in both countries and consumed largely in the United States required
380,000,000 kilowatt-hours. Silicon, requiring approximately 12,000
kilowatt-hours per ton, is produced in small quantities at silicon
carbide plants.

26. Graphite—Crystalline graphite in powdered and electrode form
requires approximately 7,600 kilowatt-hours of eleetricity per ton.
Although manufactured by one firm only until recently, firms engaged
in the manufacture of other electric furnace products are now offering
it for sale, while firms requiring graphite clectrodes in quantity for
electrochemieal production are manufacturing their own electrodes
where petroleum coke is easily available.
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27. Phosphoric acid and phosphorus.—Although phosphoric acid
hag been manufactured eleetrothermally for only 10 years chiefly for
food and chemical industries, it already ranks eleventh among elec-
trochemical industries in the total amount of eleetricity consumed.
Current consumption totaled approximately 81,000,000 kilowatt-
hours in 1929, while unit consumption averaged 5,400 kilowatt-hours.
Electrothermal phosphorie acid production will have to compete with
blast furnace phosphoric acid in markets requiring a pure acid, while
chemical phosphoric acid still controls the fertilizer market. TPhos-
phorus has been made in an electric furnace for many vears. While
power consumplion ig heavy, quantities produced are small.

28, Industrial gases and synthetic ammonia.—The electrolysis of
water produces approximately 2 parts of hydrogen and 1 part oxygen,
1,000 cubie feet of hydrogen requiring 140 kilowatt-hours and 1,000
cubic feel of oxygen about 250 kilowatt-hours of electricity. These
gages may each be manufactured by other methods. As manufac-
turing plants requiring large amounts of either gas produce their own
gases, such production is not recorded and any cleetricity consumed
18 reported along with total power consumption of the specific prod-
uet manufactured,. We know only that about a sixth of the oxygen
offered for sale was produced electrolytlically and that such produc-
tion consumed more than 50,000,000 kilowatt-hours of electricity,
and that synthetic ammonia made from electrolytic hydrogen at
ammonia plants in the United States consumed over 13,000,000
kilowatt-hours ol cnergy.

29. Potassium compounds.—TPotlassium hydroxide used in the man-
ufacture of goft soaps, dyes, and other potassium compounds required
over 2,000 kilowatt-hours of clectricity to produce by eclectrolysis.
Total power consumption in its manufacture exceeded 15,000,000
kilowatt-hours. Potassium chlorate requires approximately 1,350
kilowatt-hours per ton. Potassium permanganate and potassium
persulphate are also produced electrolytically in this country but in
small guantities.

30. Carbon bisulphide.—Carbon bisulphide manufacture consumed
approximately 36,000,000 kilowatt-hours of current in 1929, This
chemical 1s used as an insccticide, as a solvent of caoutchoue and
fats and also in the extraction of essential oils.

31. Rare or minor electrochemical products.—Fused quartz is finding
extended application not only in equipment that must resist acids
and sudden heat, but also in the manufacture of telescope and photo-
graph lenses and in window glass which transmits ultra-violet and
infra-red rays.  Its production required from 10,000 to 16,000 kilo-
watt-hours per ton. Production is still on a poundage basis, how-
ever.

32. Demand for materials reduced only at high temperatures and
cmplovment ol high pressures in chemical mdustries have brought
into the market several new electric furnace refractories. Mullite,
electrically sintercd magnesite, and other electrically combined
substances, are being tried out in industry.

33. Pure tungsten, for electric lamp filaments and for ignition con-
tact points, also requires large amounts of power per unit and hydro-
gen atmosphere {urnaces, but production is still in small quantitics.
Molybdenum, tantalum, and barium, are finding application in radio-
tube manufacture. Cobalt is being alloyed with other metals to
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produce machine tools and acid-resistant equipment.
cerium, and lithium are also alloyed with other metals.

93

Beryllium,
Each prod-

uct is manufactured electrochemlcally with high unit-current con-

sumption.

But cach product is manufactumd in small quantities

today and has only potential significance in the development of the

Nation’s water

power.

Power requirements of electrochemical processes and consumpiion of electricity by
such processes tn the Uniled States in 19291

Total kilo-

Kilowatt- | watt-hours P .
. " Y ’ Principal competing proe-
Material Process ql:f'ilrlég l;?er ‘;‘:‘nl%lzglfg esses in United Slales
short ton United or olher countries
Btatea
1. Nitrie acid. .. .o._| Are . ___ 61, 000 None| Oxidation of ammonia,
2, Aluminum. . ______ Electrothermal reduction 4, 082-7 None| Alkali reduction of bauxite

4. Metalli¢
siumm,

mygne-

5. Metallic sodiom___

6. Bynthetic ammao-
i,

7. Fused quartz_, ..

4. Rilicon

9. Phosphorus.___.__

10. Crystalline
graphite.

11. Ferro-tungsten. -

12, 8ilicon carbide. _.

13. Ferro-molybde-
num 70 percent,.

14. Ferro-uranium___

15, Ferro-chrominm
60 percent.

16, Ferro-vanadium
30 percent-35 per-
cent.

17. Phosphorie acid_ |

50

18. Ferro-silicon
percent.

19, Ferro-mangancse
50 pereent.
20. Cualejum carbide_.

21, Qalelum  cyana-
taide.

22, Zinc.______ ... __

23, Copper___________

24, Canstie soda....__

)

Chlorine..
25. Cadmiym
26. Fused alumina_..
27. Polassium  hy-
droxide.

of bauxite to alumina.
Elecirolytic reduction of

alumina_ to aluminum.
Electrolysis  of magne-

sium ehloride in brine.

Electrolysis of fused caus-
tic soda.

Elecirolytic hydrogen;
pressure synihesis.

Electrothermal fusion
Electrothermal reduetion..

smelting

Electrothermal
and refining.
Eleetrothermal reduetion..
Klectrothermal smelting___

EKlectrothermal reduetion...

Electrothermal smelting __

Electrolhermal reduclion. .

Electrolytic precipitation..

Copper precipitation from
oxide and mixed ore.

Electrolytic reduction of
brine.

Electrolytic precipitation
of zine residue.

Electrothermal fusion

Elevirolysis of potassium
chloride.

19, 000-25, 200
16, 000

13, 000

12, 055

10, 000-16, (00
12, 000

9, 00

7, 600

7, 600]

fi, 666-8, 833
&, 000-9, 000

6, 000-10, GO0
6, 000

6, 800

4, 400
5, 000

4, 400

2, 600-3, 200
2, 830

2, 206-3, 2004
1, 700-2, 625

9 2,328-2,984
2, 000-2, 500

2, 000-2, 540
2, 100-2, 300,

2, 519, 375, 000
10, 640, 000

®
13, 140, 000

(®
£l

41, 250, D00
¢ 91, 200, 000

26, 393, 000
6 23, 655, 000

1228, 258, 000

4 13, 035, 800

81, 000, H00)
994, 011, 000

None

720, 000, 000
7 None

8 507,115, 192
62, 848, 806

£6it), 000, 000
2, 730, 2004

10 43, 318, 000
15, 831, 000

10 aluming.
None.

Electrolysis of magnesium
chloride from mineral
maghnesite plus chlorine
requiring 17,000 kilowatt-
hours.

Electrolysis of fused so-
dinm chloride.

Water-gas hydrogen; coke-
oven gas hydrogen; by-
prodizet hydrogen.

None.

Do.
Dao.
Do.

Do.
Dao.

Do.

Thermit reduction.

Sunlphuric  acid  process,
Blast-furnace rednetion.

Byprodnet fused alnming
production; less than 12
percent silicon blast-fur-
naee reduction.

Blast-furnace reduction.

None.
Do.

Retort distillation.

Flotation and reverbera-
tory stnelting.

Lime-soda ash proecss.

Nomne.

Do,
Chemiecal process.

1 Does not include 15 rure metals or chemicals, the production of which is still on a very small scale.

? United Stales production not officlally recorded,

facture of metallic sodium in 1927 was 375,000,000 Kilowatt-hours.
¥ United States production too small to be officially recorded.

4 Estimated.

Estimated world clectricity consumption in manu-

5 Cangdian and United States consumption in 1929 was 227,000,000 kilowatt-hours.

0 Includes minor quuantitics of other ferro-alloys,
7 The amount shipped to the United States in 1929 required 84,800,000 kilowatt-hours.

# Tneludes power reguired in operalioos immediately essential to electrulyhc precipitation.

¥ Per ton caustic soda.

1 Canadian and United States consumption in 1929 was 152,489,000 kilowatt-hours.



04 COLUMBIA RIVER AND MINOR TRIBUTARIES

Power requirements of electrochemical processes and consumpiion of eleclricily by

such processes in the United Slates in 1829—Continued
il " '1‘0;c?llkilo—
Cilowalt- | walt-hoitrs P :
. M, Y ) Frincipal competing proe-
Material Process (ho.l_lfsi Le- comsumed esses in United  Slules
Juired per | in 1929 in el M
short ton United ot oLher couniries
Htates
28, IrOm eaaaaias Magnetile ore reductionin | 2, 000-2, 500) None| Blast furnace. Eleelro=
are furnace. deposition.
29, Potassium ehlor- | Bleetrolysis of potassium 1,350 O] Chernical process.
ule. chloride.
30, JTOM cammcvvmmmnnen Elecirodeposition from ore. 900) None | Blast furnace. Electrie
furnace reduction.
31, Carbon Lisul- | Elevtrothermal fusion 8501 30,179, 2500 None.
Phide.
32. Sponge iron_ . ... Electrothermal low tem- 400] O] Oil or gag low temperature
perature ore reductiorn. reduction.
33, Steel castings. ... Elecirie  melting  solid F00-760] 4 281, 594, 000] Open-hearth furnace. Des-
charge. semer furnace. Crucible
furnace.
34. Steel ingot________ FElectrie meliing or refin- 210( 125, 218, 590 Do.
ing or superrefining of
molten charge.
ah. Steel.___.___.____ Llectric annealing or FR2-2RG! e Fuel-fired furnace.
hardening,
86, o ____ Electric  galvanizing or 101-280_____________ Fuel hot process.
eleclrozineing,
37. lron castings_ ____ Electric melting:
Tuplex syslem_ .o ______ 115 (O] Fuel-fred ¢upola melting,
Continaous ... 580
38. Copperaceaeoccoa- Eleetrolytic refining ______ 141-234 309, 351, 000] N onfgs—- %ake copper is not
refined.
30. Copper ingot Melting_ . b3 [0 P, Fuel-fired ovens.
40. Copper alloy__ Filectrie furnace meliing.__ 200300111 220, 000, 000| Fuel-fired pil. furnaces.
. Annealing. o ______ ST e e Fuel-fired ovens.
_ Islectrolytie refining. .. 316-714 1, 283, 460| Sulphurie acid process.
cdoo .. 266 45, 300 Do,
_____ Ao e 95111 6, 180, 000)
45, Oxvgen, com- w250 560, 575, 000) Tdquefaction process.
pressed. klectrolytic reduction of
46, Hydrogen_ ..., wiler, 12 140 18 Water-gas.  Iron contact
PTogesses.

¥ United States production too small to be officially recorded,

¢ Fstimaied.

1t Kieares are for 1927,

12 Kilowatt-hours per 1,000 cubic feet.

13 Provess employed chisfly in plants where hydrogen is consumed in major manufacturing processes.

PRESENT LOCATION AND STATITS OF MAJOR POWER CONSUMING
INDUSTRIES

34. The most favorable location for any large power-consuming
industry is one in which power site is within easy access of essential
raw malberials and in cloge proximity to consuming markets. As all
new plants in power-consuming industrics control mechanical opera-
tions electrically, such industries are no longer dependent upon a
labor supply trained through years of actual experience for specilic
processes.  The general lovelling of wage rates in the industrial 1oast
and West has narrowed the differences in labor cost in all sections
of the United States save in the South.

35. In the past, power supply, sources of raw materials, and available
Iabor have determined plant locations in Eastern and Central States.
In a period such as the present, when manulacturing capacity in
many industries exceeds market demands, markets stand out as one of
the most important factors in determining locations of new or branch
plants. The advantages to be obtained through easy contact with
customer industries, the lessened risk involved where companies are
not entirely dependent upon conditions in one locality, and the
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wisdom of distributed investments is tending more and more to
the cstablishment of branch factories in consuming arcas. The
heaviest markets for eleetrochemical and paper products are in East
Central and Lake States. The general movement of population
westward brings with 1t an increase in service industries. But the
development of basie industries in a given locality due to a dependence
on bulky low-cost raw materials has tended to bring related industries
to specific sections. Xven so, production costs of manufactured prod-
ucts are seldom sufliciently Tow to offset heavy freight charges from
western raw-material sources to eastern markets. Manufacturing
costs are being lowered, however, by the integration of a number of
related industries so that present waste is eliminated and overhecad
costs greatly reduced.

36. In the {ollowing pages are outlined briefly, factors entering
into the establishment of existing major electrochemical and paper
plants, present sources of raw materials, possible fulure sources, as well
as conditions affecting prevailing markets and industrial control.

THE ALUMINUM INDUSTRY

37. Plant location.—Aluminum manufacture as practiced in the
United States involves two processes, the chemical extraction of
aluminum oxide from the ore bauxite and the electrolytic reduction
of the oxides to metallic aluminum. When hydroelectric service
was first available at Niagara Falls, aluminum-reduction works were
put inlo operation at the Falls. The chemical-extraction plant was
placed at Kast St. Louis, IIL, near coal ficlds and where bauxite could
be shipped via water from Arkansas bauxite mines to it, As markets
for aluminum expanded, additional reduction works were con-
structed at Massena, N.Y., where power is secured from waters of
the St. Lawrence River; at Shawinigan Falls, Quebee, on the St.
Maurice River; at Badin, N.C., where power is gotten from the
Yadkin River; at Alcoa, Tenn., which is served by power from a num-
ber of developments in the G Sreat Smokey Mountains of Tennessee;
and in 1926 consiruction was started at Arvida, Quebec, on the
Saguenay River. The Massena reduction works is the largest plant
in the United States, Plans for developments at Arvida, Canada,
contemplate a capacity almost equal to present total production in
the United States.

38, Until 1928, aluminum oxide for all North American reduction
works was supplied by the East St. Louis factory. By 1929, the
Arvida plant had succeeded in meeting almost all its own needs by
the clectrochemical extraction of aluminum oxide from bauxite
shipped to it from the British and Dutch Guianas. Should clectro-
thermal reduction of bauxite be able to compete with the long-estab-
lished chemical reduction which resulted in locating one unit of
aluminum production near coal fields, all processes in the manufacture
of aluminwm from its ores can be carried on at power sites.

39. While present power developments along the Saguenay River
will provide 500,000 horsepower at Arvida, completed construction
will make available 1,000,000 horsepower, The Aluminum Company
of America, sole producer of virgin aluminum in the United States
and in Canada since 1886, holds riparian rights near Long Sault
Rapids in the St. Lawrence Rlver which it has not been able to dcvelop
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due to lack of coordinate legislation on the part of the United States
and Canada, the State of New Yorlk, and the I’rovince of Ontario.
It also has undeveloped power sites in the Great Smoky Mountains
of Tennessee. :

40. Lepanding markets—Continuous research has brought about
an expanding market for aluminum. Not only has it held well estab-
lished markets in cooking utensil and electrical conductor industries,
but strong aluminum alloys have found large markets in transporta-
tion industries and in electrical apparatus manufacture while begin-
nings have been made in structural fields. With the exception of
post war years, aluminum production has increased steadily in the
United States. The very rapid expansion since 1923 is shown on
Graph 17

41. Control of production—World aluminum production is also
increasing. Such produection is controlled by two groups, the Alumi-
num Company of American with Canadian and other foreign holdings
operated by Aluminum Limited and the International Aluminum
Cartel made up of four principal producing companies in Irance,
Germany, Great Britain, and Switzerland. In 1929, the Aluminum
Company of America produced 51 percent of the world’s supply of
aluminum, 38 percent being manufactured in the United States.
Germany produced 13 percent of the world’s supply, France 11
percent.

42. Sources of raw materials—Bauxite, a hydrated oxide of alumi-
num containing 50 percent to 60 percent aluminum oxide, is the source
of all commercial aluminum today. 1t is mined principally in south-
eastern United States, in British Guiana and Duteh Guiana, in France,
Hungary, Italy, and Yugoslavia. Ixtensive deposits are believed
to exist in Africa and India. As the large world aluminum manufac~
turers control extensive bauxite deposits, it is not believed that the
very abundant aluminous clays containing lesger amounts of alumi-
num oxide will be used in sluminum production for many years,

43, However, Italy is experimenting with the commercial produc-
tion of aluminum oxide and potash from leucite ores containing hoth
minerals. This experiment is of importance to Wyoming wherc
geologists estimate 2,000,000,000 tons of leucite ore containing 200,-
000,000 tons of aluminum oxide and a like amount of potash are
available.

PHOSPHORIC ACID, NITROGEN, AND POTASH PRODUCTION

44. Sources of potash and phosphates.—The undeveloped potash re-
sources of Wyoming call sharply to attention the research that is being
carried on by two Federal departments to develop methods of making
available to agriculture and industry the potash resources of the coun-
try. The American farmer applies approximately 343,000 tons of
pure potash to farm lands each vear along with 345,000 tons of nitro-
gen and 808,000 tons of phosphoric acid. The phosphoric acid was
produced in the United States from native phosphate rock; 53 percent
of available nitrogen was manulactured in the United States; while
but 16 percent of available potash was American production.

45. The Wyoming potash in leucite rock is not water soluble as is
German and French potash and, therefore, must be chemically

7 Not printed,
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treated belore it is available as plant food. As yet, no process has
been developed which will permit potash so treated to meet foreign
fertilizer prices unless the aluminum contained in the ore is also mar-
keted. Development of this potash along with nearby phosphate
deposits for baking powder and chemical industries has just begun.
Experiments are also under way using this potash silicate as a flux
in electrothermal phosphorie acid manufacture. Government geolo-
ists and metallurgists, however, arc working at present with potash
from well deposits in Texas and New Mexico. As the Wyoming de-
posits of potash are-believed to be the largest in the United States and
as the largest known world deposits of high grade phosphato rock are
located in Idaho, Wyoming, Utah and Montana, the Nation will
eventually depend upon these States to supply much of its phosphate
and potash requircments.

46. At present, Florida supplies the largest amount of phosphate
rock; Tennessee ranks second in production, while but a small amount
is mined in Idaho, Wyoming, and Montana.

47. The fertilizer market—More than 90 percent of phosphate rock
sold enters the fertilizer trade. 'This rock is manufactured into
phosphatic fertilizer, not at the mines, but in fertilizer consuming
centers. 'The reason is obvious. The prevailing phosphatic fertilizer,
superphosphate, is made by mixing one part of phosphate rock with
one part of sulphuric acid producing a product containing 16 to 18
percent phosphoric acid and a large quantity of gypsum. The original
phosphate rock from which this fertilizer was produced contained 30
10 34 percent phosphoric acid. As value is based on phosphoric acid
content rather than on bulk, it is cheaper to ship rock containing over
30 percent phosphorie acid to fertilizer consuming districts than to
manufacture the fertilizer at the mine and ship the finished product
containing only 16 to 18 percent phosphoric acid.

48, Fertilizer manufacturing located in the South, as cotton fields
consume 31 pereent of all fertilizer, and also near corn, potato, wheat,
and tobacco vegions. Such manufacturing involved the production
of superphosphate and mixing it with foreign potash and, until recent
years, with foreign nitrogen materials. 1In this mixed fertilizer the
farmer paid not only for 17 percent available plant food but the cost
of bagging, handling, and hauling the other 83 percent almost value-
less filler. Obviously, Rocky Mountain phosphate rock or Rocky
Mountain superphosphate could not be shipped profitably to southern
and central fertilizer markets.

49. Transitional period.—The costliness of such practices, as well
as the waste involved in diluting phosphate rock with sulphuric acid
and the danger of permitting the country’s agricultural development
to be largely dependent upon foreign sources of nitrogen and potash
is nationally recognized. Fertilizer manufacture and the production
of the three chemicals entering into such manufacture are passing
through a transitional period in the United States.

50. The percentage of plant food in fertilizer increased {rom 14 per-
cent in 1920 to 17.6 pereent in 1929. Some phosphate rock is being
treated with phosphoric acid in place of sulphuric acid in order that
both rock and reagent may furnish plant food. This product, known
as double superphosphate, contains from 45 to 50 percent plant food
as against 14 to 18 percent in regular superphosphate. Phosphoric
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acid is also used as the carrier of nitrate ammonia fertilizer, therchy
creating a 2-plant food fertilizer. Instead of forcing the producer of
ammonia to manufacture ammonium sulphate with its uselss sulphate
radical for the fertilizer market, this practice permits anhydrous or
aqua ammonia to be shipped to fertilizer plants to bo combined
directly with phosphoric acid fertilizer.

51. Compelition between phosphoric acid manyfacturing processes.—
But this phosphoric acid 1s still produced mainly by the sulphurie
acid process, Electrothermal phosphoric acid manufacture began in
1920, blast furnace phosphoric acid manufacture in 1929. As theso
methods produce a pure acid more easily than the sulphuric acid
process, pyrolytic phosphoric acid has served the baking powder,
pharmaceutical, and other industries in which a pure acid is ecssential
The pure acid required by these markets brings a price of $170 to $180
per ton whercas the phosphoric acid in superphosphate fertilizer is
worth only $50 a ton of acid. It is obvious why pyrolytic producers
of phosphoric acid have given first attention to markets other than
the fertilizer marlet.

52. But as the industrial market is small, normal growth will force
pyvolytic phosphoric acid into the fertilizer market. All furnace
processes have advantages over the sulphuric acid process. Tow-
grade ores may be treated along with high-prade ores making unneces-
sary the washing and screening of ores essential for the chemical
process. Much present waste of phosphate rock is avoided. Apain,
any degrec of concentration of phosphoric acid may be obtained
directly by furnace methods so that the expense involved in the
sulphuric-acid proeess of ovaporating weak solutions is eliminated.

53. In vegions where a market must be found for waste sulphur
fumes, as near sulphide ore smeltors, sulphuric acid may be a very
cheap reagent. More labor is required by this chemical process than
by other processes. Where coke is cheaply available, blast-lurnace
reduction may prove to be more economical, whereas an ahundance
of electrical power may make the electrothermal process more advan-
tageous,

5. Chemical nitrogen production.—Other technical developments
which may lead to the production of high-analysis fertilizers and
therchy permit a development of western phosphate and potash
deposits, are also of recent date in the United States. The dircet
synthetic ammonia process for nitrogen fixation was first put into
operation at Syracuse, N.Y ., in 1921, Tn 1929 a sixth of the available
nitrogen supply was secured from air nitrogen fixation plants, this
production representing a 350 percent increase in 2 years. Building of
additional plants during 1929 and 1930 will bring the direct synthetic
amunonia plant capacity of the United States close to 200,000 tons.

55. Ammonia plant location-—Largest present production takes
place at Llopewell, Va., and at Belle, W.Va., where water-gas is
employed as the hydrogen source. Near Seattle, Wash., clectrolytic
hydrogen is employed. Recently, an electrolytic plant has been
erected ab Trail, British Columbia, for the pressurc synthesis. A
plant building at Brose, Clalif., will secure its hydrogen Irom natural
gas. Four electrolytic caustic soda plants are manufacturing by-
product hydrogen into ammonia. In Europe, coke-oven hydrogén
has proved a cheap source of supply.
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56. As shown on graph I1,® by far the larger amount of domestic
nitrogen was secured as a by-product of coke production. As coke is
sold primarily to iron and steel mills, any production of ammonia
at coke ovens depends on the demands of iron and steel mills for coke
rather than upon the market demand for ammonia. Chilean nitrate,
until 1926 our prevailing nitrogen source, still ranks second as a
source of supply. Ten percent of our available nitrogen was imported
from Canada in the form of calcium cyanamide and cyanide. Much
of the eyanamide imported 1s manulactured into ammonia and
ammonium phogphate,

57. Competitive conditions.—Successful competition of the several
nitrogen compounds depends not only on the cost of differing manu-
facturing methods at particular plant locations, but upon the deriva-
tives obtainable from the initial nitrogen products and upon the
markets for by-products. In the electrolytic-hydrogen ammonia
process, power is the major operating cost. As 1 part of oxygen is
produced with every 2 parts of hydrogen, a profitable market for
this oxygen, such as the oxidation of ammonia to nitric acid, reduces
the cost of manulacture materially. Then, too, electrolytic hydrogen
costs would be reduced if such manufacture were carried on with
off-peak power as the electrolytic hydrogen cells operate efficiently
under great load variations. The cyanamide process requires large
amounts of power per ton of nitrogen fixed as well as coal, coke, and
limestone. The cyanamide is not only converted into ammonia and
all ammonia compounds, but into the fertilizer area containing 45
percent nitrogen, into caleium cyanide for metallurgical reductions,
mto hydrocyanic acid for plant fumigation, and into ferrocyanide
used in dye manufacture. Methanol used in the production of
formaldehyde, insolvents and in other chemicals is the principal by-
product of water-gas ammonia.

58, Industrial control.-~The two largest producers of direct syn-
thetic ammmonia are the Atmospherie Nitrogen Corporation, a subsidi-
ary of the Allied Chemical & Dye Corporation, and the I5. 1. du Pont
de Nemours & Co.  The latter company oxidizes mueh of its ammonia
to mitric acid for use in the explosives, nitrate plasties, and nitro-
cellulose lacquers it manufactures. The American Cyanamide Co.,
producing cyanamide at Niagara Falls, Canada, phosphoric acid at
Tampa, Fla., and ammonium phogphate and other chemicals in
New Jersey, owns controlling cyanamide patents.

59. All nitrate-producing countries save the United Statcs have
entered into an agreement concerning production quotas, export
quotas, and prices, such agreement becoming effective in August 1930,

FERRO-ALLOYSE AND THE IRON AND STHEL INDUSTRY

60. Ferro-alloy plant --Location.—Original plants for the electro-
thermal manufacture of ferrosilicon and ferrochromium were located
at Holcomb Rock, Va., and at Kanawha Falls, W.Va., during and
immediately after the Spanish American War. Ten years later
production began at Niagara Falls, But foreign competition hin-
dered extensive development of all ferro-alloy manufacture until the
outbrealk of the European war. The demand for alloy steels, the
employment of ferrosilicon to supply hydrogen for aircraft, caused

8 Not printed.
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the United States Government to encourage the building of ferro-alloy
plants in States where ¢ alloying minerals were available. Under this
stimulus, plants were built in Washington, Oregon, California, Mon-
tana, (/olomdo, Alabama, Tennessee, as well as in lowa, Pennsyl-
vania, Maryland, and New York. From 1915 to 1917, 1_)rc_)(]1.1('t10n
of ferro—alloys increased 184 percent. With the cessation of hostilitics,
all far-western plants were forced to close down., DBut the ferro-alloy
industry had been firmly established in this country. Ferrosilicon
production was 88 percent more in 1929 than in 1919. From 1928 to
1929 it increased 12 percent while production of the rarer alloys such
as ferrochromium, ferrovanadium, ferrotungsten, and ferromolyb-
denum mcreased 24 percent.

The largest manufacturer of electrothermal ferro-alloys in the
Umted States is the Klectro- Metallurgical Co., a unit of the Union
Carbide & Carbon Corporation. Thlb company has a large factory
at Niagara Falls where a number of ferro-alloys are manufactured.
1t produces ferrovanadium in Ohio and operates the original {erro-
silicon and ferrochromium plants in Virginia and West Virginia. 1t
is completing the construction of a hydroelectrlc power plant on the
New River, W.Va., which will furnish 80,000 horsepower to a new
unit of the compa ny erected at Boncar, W.Va. The Union Carbide
& Carbon Corporation manufactures ferromanganese electrothermally
in Norway

62. The Vanadium Corporation of America is especially interested
in the manufacture of ferrovanadium and the rarer alloys, although
it also manufactures ferrosilicon and ferrochromium at Niagara Falls,
Other electrothermal ferrosilicon plants are located at I\eokuls, Towa,
and near Chattanooga, Tenn. A small amount of this alloy is pro-
duced as a by-product of artificial abrasive manufacture, Several
smaller plants are making a specialty of specific rare ferro-alloys and
are located near consuming markets.

63. Sowrces of alloy materials.—Although the TUnited States has
achieved virtual independence in the manufacture of ferro- allqu
imports being chiefly of electrothermal ferromanganese from Canada
and Norwnv, it is still largely dependent on foreign countries for all
alloying minerals save silicon and molybdenum. Manganese ore is
imported principally from Soviet Russia, Drasil, India, and British
West Africa; chromite is shipped from Rhodesia and Cuba; tungsten
comes from China, vanadium from Peru, and uranium from the
Belgian Congo. Reserves of chromium, tungsten, uranmium, and
vanadium are loeated in Pacific Coast or Rocky Mountain States.
Reserves of high-grade manganese are not extensive in the United
Btates but JﬂIO'P reserves of ]nw—frl ade ores are found in these Western
States and in Minnesota. Efforts to concentrate these ores to the
purity demanded by steel manufacturers have reached the trial
commercial plant stage.

64. Ferro-alloy markets and location of iron and steel industry—At
present, largest markets for ferro-alloys are in Pennsylvania and Ohio
where almost 60 percent of all steel is produced. Indiana and HNlinois
manulacture about 20 percent of all steel.  Theiron and steel industry
is located in coking coal regions because 1t is legs costly Lo bring iren
ore to coal than coal to iron. Only in Alabama do eoking coals and
iron ore occur in adjacent fields.
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85. Iron ore supply—Seven eights of all iron ore consumed in the
United States comes from the Lake Superior region.  As the estimated
life of these deposits is drawing to a visible end at preseat consump-
tion rates, radical changes may occur in the iron and steel industry 1n
another quarter century. A large iron and steel firm has already
sccured control of some iron-ore deposits in South America. Some
experts believe China will export iron ore to this country. Others
believe that the exhaustion of hematite ores in the United States will
bring with it the abandonment of the blast furnace and the adoption
of low-temperature reduction furnaces operated by gas, oil, or elec-
tricity on magnetite iron ores of far Western and Kastern States. 1f
any one of these predictions prove correct, the iron and stecl wndustry
will tend to move to locations that can be reached by ocean shipment.
Under existing conditions, it is gradually moving westward.

66. Increased use of electricity in iron and steel —Electric-furnace
production of iron from its ores is carried on in N orway, Sweden, and
Ttaly. While iron and steel of high quality has also been produced
in this country, there is so small a market £or the product that manu-
facture has not been able to proceed on a commercially profitable
scale.

67. The increased production of alloy steel is, however, bringing
with it new installations of electric melting and refining furnaces as
well as expanding ferro-alloy manufacture. The re) ationship between
alloy-steel production and ferro-alloy production is clearly shown on
graph 111.  Although only 1 pereent of steel ingots produced in 1929
was melted or relined in the electrie furnace, this constituted a
17 percent increase in electric furnace ingots in 1 year. Electrie
furnace iron and steel castings formed 26 percent of castings produced.
Approximately seven tenths of all alloy steel is consumed by the
automobile industry.

68. Markets —The building and consiruction industry vies with
the automotive industry for first place in steel consumption. Rail-
roads afford the third largest outlet for rolled products. These three
industries absorb approximately 50 percent of all rolled stee]. 0il,
gas, and water companies are heaviest consumers of pipe and rank
second in the use of plates. Almost three fourths of all tin plate
is made into metal containers. Agriculture requires approximately
18 percent of all steel wire produced.

69. While major consuming markets are in the East and Middle
West, the purchase of Pacific coast iron and steel mills in 1929 by the
two largest stecl corporations is indicative of the mereasing demand
for stcel on the Pacific coast. Only a sixth of Pacific coast steel
market needs are mot by existing Pacific coast States. One fifth of
all tin plate produced in the United States is consumed by canning
industries on_ the Pacific coast, while but 10 percent of these needs.
are supplied by local mills. None of the pipe and seamless tubing,.
rail, and plate requirements of this region are met by Pacific coast.
plants.

70. Exports of iron and steel are chiefly in the form of finished
rolled products; tinplate, terncplate, and structural shapes exceed
all other forms. Tinplate and terneplate are shipped prinei-
pally to Japan and Canadsa, to Chiny, Argentina, Mexico, British
India, Siam, Cuba, and South American countries. Structural
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shapes go chiefly to Canada. Plates and sheets go in largest measure
to Canada, Japan, and the Philippine Islands.

71. Control.—More than 80 percent of the steel ingot capacity in
the United States is controlled by 11 steel companies. The United
States Steel Corporation produced 41.6 percent of the iron ore of the
country, 29 percent of the coke, and 39 percent of our steel ingots
and castings.

ZIN¢ AND CADMIUM REDUCTION

79, Plant location.—The location of zine reduction plants in the
United States has been determined by the character of ore trcated
and the specific reduction process employed. As fuel is essential to
zine distillation, zine retort plants are located in coal mining or in
natural gas regions. Zinc-lead ores of Oklahoma, Kansas, and
Missouri are smelted at natural gas fields in Oklahoma and Kansas
or arc shipped to Arkansas gas fields or to Illinois coal fields. One
electrolytic plant is located in Illinois near a large steam power plant.
Zinc oxide ores of New Jersey arce sent for distillation to Pennsylvania
coal fields. Southern States ship to either middlewestern or Penn-
sylvania smelters, although new construction js taking place in West
Virginia coal fields. Complex ores of the Rocky Mountain region are
reduced by flotation and electrolysis near zine mines as abundant
power is obtainable near largest zine mining regions.

73. Production and consumption.—In 1929 there were four clec-
trolytic zine plants, producing 23 percent of the zine, and 21 operating
retort smelters. Zine production in 1929 was the largest in the history
of the industry, although smelters were operating at less than 60
percent capacity. The apparent consumption in 1929 was approxi-
mately 15 percent less than production. In 1930 production fell
to its lowest lovel since 1922.

74. Forty-six percent of zinc consumed in the United States is
used in galvanizing sheets, tubes, and other iron and steel products.
Twenty-nine percent is mixed with copper to produce brass. Eleven
pereent is rolled into zine sheets or strips for roofings, boilerplate,
electrotype, and dry batteries, Pigments, paints, and rubber con-
sumed less than 10 percent.  Diecastings made of a zine-tin-aluminums-
copper alloy are finding a market in the automobile hardware industry.
Lfforts are being made to introduce this alloy into building hardware
manufacture and to find new markets for zine. Exports of zinc are
small.

75. Industrial control—The largest production of metallic zine
in 1929 occurred at the two electrolytic plants of the Anaconda Copper
Mining Co. in Montana. This company hag also operated since
1929 large zine properties in upper Silesia, ceded to Poland by the
Treaty of Versailles, Here zine is not only mined, smelted, and manu-
factured into finished products, but pig lead and lead products, sul-
phuric acid, superphosphate, and mixed fertilizers, as well as coal,
brick, lumber, porcelain, paper, and explosives are produced.

76. The New Jersey Zine Co. not only mines and distills zine, but
produces finished products and sulphuric acid. Subsidiaries of the
United States Steel Co. produce zne ore in the Tri-State District
and in Tennessee. The Grasselli Chemical Co., a subsidiary of
15. T. du Pont de Nemours & Co., operates two zine plants and is also
producing sulphuric acid from zin¢ fumes. A number of other com-
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panies operate in the Tri-State District. The only other western
zine electrolytic plant is located at Kellogg, Idaho, and is operated by
the Sullivan Mining Co.

77. Competitive processes.~—Supplies of zine in the United States
and in other countries are abundant. The existing plant capacities
in the United States and in Europe exceed demands. Sharp competi-
tion between zine companies has resulted.

78. The electrolytic process has marked advantages over the old
retort distillation methods. Not only is a zinc of higher quality
produced, and a higher extraction of zinc secured, but elements lost
in distillation operations are saved. Gold and silver are recovered
in a lead concentrate and are shipped to lead smelters and refineries;
residue copper is sent to copper refineries. Cadmium, used to
cleetroplate ferrous materials and as a primary wash for automobile
parts that are to be chromium or nickel plated, is necessarily pre-
cipitated before the electrolysis of zinc. It also is recovered by
electrolysis. Cobalt, now alloyed with tungsten carbide in high-
speed machine tools, and with chromium and tungsten for acid and
heat resistant equipment, is a recoverable byproduct. Cobalt is
secured for its oxide, electrothermally. Arsenic, thallium, and other
elements arc recoverable whenever a market is found for these sub-
stances. Sulphur dioxide fumes may be collected from either elec-
trolytic or distillaton processes wherever a market exists for sulphuric
acid. This acid is now consumed principally in fertilizer manufacture
and in petroleum refining (in which fields 3t is meeting competition
from other acids or by new production methods), in chemicals,
metallurgical reduction, paints, pigments, explosives, paper, rayon,
and textiles,

Tmprovements are being made in retort distillation methods, how-
cver, and several new processes are being tested.

CAUSTIC B80DA AND CHLORINE PRODUCTION

79. Plant location.—The cost involved in evaporating dilute solu-
tions ol caustic soda to concentrated form for shipment only to be
diluted again in actual application, the difficulty, only recently over-
come, of shipping corrosive chlorine, has caused caustic soda and
chlorine plants to be established close to consuming markets. In
fact, manufacturers requiring large amounts of chlorine have fre-
quently established their own electrolytic chlorine plants, while others
requiring caustic soda, only have installed equipment to manufac-
ture the caustic from sodium carbonate.

80. The clectrolytic branch of the industry has been fortunate in
finding its largest markets close to power supplies and to brine
sources, Five plants are located at Niagara Falls, near brine wells
and near New York pulp and paper plants and other consuming
industries. Michigan electrolytic plants are located above brine
wells and serve principally Michigan and Wisconsin pulp and paper
mdustries. West Virginia plants are near organic chemical factories,
the California plant sells to petroleum refineries and soap industries,
while Washington electrolytic plants were established to serve the
pulp and paper industry of the Pacific Northwest. While there are
19 electrolytic caustic soda and chlorine plants serving all markets,
17 other plants are operated at paper mills by paper companies.
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81, Consuming markets.—1t is estimated almost two thirds of all
chlorine produced enters the pulp and paper industry. Whether in
liquid or gaseous form, as a hypochlorite or in bleaching powder, some
form of chlorine is used in paper manufacture to remove impurities
left by all pulping processes, Twenty percent enters into textile
production.  Amounts of chlorine used for purifying drinking water
and bathing beaches, and for other sanitary purposes are increasing.
Aluminum chloride enters into oil refining, Chlorine is used to
detin tin-plate scrap. It is also the basic ingredient of almost every
one of modern chemical warfare agents, But the largest recent in-
creased demand for chlorine has come from the synthetic organic
chemical industry.

82, Electrolytic production of caustic soda has been hindered by
lack of market for chlorine. The extended use of chlorine in syn-
thetic organic and chemical production or expansion in industries
already served will increase the demand for chlorine and at the same
time increase the consumption of electrolytic caustic soda. TUnless
part of the cost of electrolytic production of caustic soda is borne by
the chlorine produced simultaneously, such caustic cannot compete
with caustic soda produced by the lime-soda process. The largest
markets for caustic soda are offered, at present, by the rayon, the
chemical, the petroleum, and the soap industries, each of which pur-
chases 15 percent or more of the total amount marketed. Soda pulp
for fine papers, rubber reclaiming and textiles are also products which
require caustic soda. KExporting markets are in Japan, the Philip-
pines, Mexico, Cuba, Canada, and South America, where our products
come in competition with those of (ireat Britain, which at present
supplies about three fourths of the market,.

83. Diversification of products—Manulacturers of electrolytic
caustic soda and chlorine do not confine themselves to the production
of these two chemicals.  As caustic soda and chlorine are raw mate-
rials for a number of other chemicals, each electrolytic producer for
the general market manufactures such sodium and chlorine compounds
as his market demands. Recently other constituents of brine than
sodium chloride have been utilized. Well brines containing magne-
sium chloride supply all metal magnesium now manulactured in the
United States. DBromine and caleium chloride may also be secured
by electrolytic methods. Such utilization of brine and the manulac-
ture of related chemicals so diversifies consuming markets and so
divides overhead expense as to fortify electrolytic caustic soda and
chlorine production against competition from lime-caustic soda.

PULF AND PAPER AND OTHER CELLULOSE INDUSTRIES

84. The pulp and paper industry not only affords chlorine its
largest market, but caustic soda, soda ash, sulphur, lime, sodium
sulphate, aluminum sulphate, casein, clays, and rosins find extensive
demand in the several types of pulp and many kinds of paper made.
Then, too, the quantity and quality of water supply is a matter of
vital importance to pulp and paper manufacture.

85. Location of industry.—From earliest times, pulp and paper mills
located on the banks of streams where a clear, abundant water supply
was available near forests supplying the pulpwood.  As such locations
were plentiful in New York, New England, and Pennsylvania, carly
paper mills were established fairly close to consuming centers. With
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the westward movement of population, spruce forests of Wisconsin,
Michigan, and Minnesota were cut for newsprint paper and the hard-
woods of Ohio and Indiana added to the book paper pulpwood
supply; paper mills were established ncar these sources of supply.
In 1909, three fifths of all pulp and paper was produced in New
England, New York, and Pennsylvania, and about one fourth in
Lake States.

86. This over-centralization, combined with the heedless felling of
trees, developed a shortage in the supply of spruce in these States.
Paper mills turned to Canadian forests for a part of their snpply. In
1910, the Government of Quebec prohibited the exportation of any
wood cut from crown lands. This policy was followed by other
provinees until pulpwood could only be shipped into the United States
from freehold lands comprising about one tenth of Canadian pulp-
wood lands. Since 1911, standard newsprint paper and pulp has
entered this country duty free.

87. Imports—The effect of these two policies is reflected on graph
VI.! While our imports of pulpwood have not changed, proportion-
ately, in 20 years, our imports of wood pulp and paper have increased
materially.  When all paper and wood pulp imported into this country
are reduced to their pulpwood content, about 60 percent of the forest
material for paper used in the United States comes from outside our
country. These imports are chiefly of newsprint paper or of pulp
and wood for such paper, and of pulp for wrapping paper.

88. Pulpwood reserves—One half the Nation’s spruce reserves are
in Wagshington and Oregon. One fourth of our pines, available for
wrapping paper, are on the Pacific coast. These States posscss the
same natural advantages for newsprint pulp and paper manufacture
as does eastern Canada; that is, extensive forests and cheap hydro-
electric power. These States have demonstrated that they can pro-
duce the chemicals necessary {for paper or rayon manufacture. Yet
Washington State produced but 8 percent of the Nation’s wood pulp
and 3 pereent of the Nation’s paper requirements, while Oregon and
California produced but 5 percent of the wood pulp and 8.7 percent
of the paper requirements.

89. By correlating the lumber industry with the pulp industry,
Northwestern States have been able to produce mechanical and sul-
phite pulp for newsprint paper more cheaply than can be done in
Eastern States, but not cheaply enough to meet competition in east-
ern markets of Canadian and Scandinavian pulp. Sweden has been
able to meet Canadian competition in American markets by so in-
tegrating her lumbering, sawmill, planing mill, and pulp-mill activi-
tics that almost all her pulp is manufactured from logging and saw-
mill waste. The extensive lumber industry of Washington and
Oregon make similar correlation possible in these States.

90. Consuming markets—Paper mills which purchase wood pulp
from distant sections are located principally in New York State,
Pennsylvania, Ohio, and Michigan. Massachusetts, Connecticut,
New Jersey, Maryland, Indiana, and Illinois also purchase some pulp
along with much waste paper and waste textiles.

91. The market for final paper product whether it be newsprint or
magazine paper, paper boxes or wrapping paper, building boards or
fine stationery, is dependent upon the size and character of specific

1 Not printed.
552—33-——8
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retail purchasing markets. The New York City metropolitan area
consumes far more paper than any other section. Illinois ranks
second in printing and publishing of all types; Pennsylvania third,
and Ohio fourth. Massachusetts and California follow.

92. Pacific coast paper mills supply paper needs of Pacific coast
and Rocky Mountain States. A British Columbia paper mill ships
newsprint paper via the Panama Canal to Texas, Louisiana, Okla-
homa, New Mexico, Arkansas, Nebraska, and Kansas. Gulf ports
and lower Mississippi ports can be reached more cheaply from Seattle
than from New York, but large middle western consuming cities are
served more cheaply by Lake State paper mills.

93. Paper and pulp exports are small. Export trade is chiefly
with the Philippines, China, and Mexico.

94. Newsprint paper purchasers—Four publishers in the United
States purchase about 30 percent of all newsprint paper available in
the United States. The Hearst papers require almost 15 percent,
the Seripps-Howard, the Patterson-McCormick, and the Ochs papers
purchasing the remaining 15 percent. Over three fourths the news-
print paper is purchased for large daily papers. These papers con-
tract for their paper supply from 1 to 10 years. The hundreds of
small daily papers and thousands of weekly papers buy through
jobbers or through cooperative associations in small lots.

95. Control of paper and pulp industry—Twenty-one firms operat-
ing mills in the United States and Canada have daily capacities of
500 tons or over finished paper. The largest of these, the Interna-
tional Paper Co., manufactures all kinds of wood pulp and many
kinds of paper. 1t produces the larger part of its newsprint paper in
Canada where it has timber rights to an extensive acreage and owns
hydroelectric power systems. The Canada Power & Paper Corpora-
tion has the second largest productive capacity. The Crown Zeller-
bach Corporation, of Washington, Oregon, and Canada, ranks third
in pulp and paper production. The next two largest companies are
Canadian companies. The largest producer of newsprint paper in
the United States is the Great Northern Paper Co. of Maine. The
largest book paper manufacturer is the West Virginia Pulp & Paper
Co. with mills in New York, Pennsylvania, Maryland, and Virginia.

96. All Canadian newsprint mills in the Provinces of Ontario and
Quebec are members of the Newsprint Institute of Canada, organized
through the efforts of the Prime Ministers of these provinces to bring
about & more even distribution of available business.

97. Rayon, cellulose plastics, and cellulose lacquers industries.—The
rayon, cellulose plastic, and cellulose lacquer industries are not large
consumers of power in themseclves although the rayon industry re-
quires a 24-hour supply. Only when they are considered as markets
for eloctrolytic chemicals do these ccllulose industries become of
interest in power development. Kach ton of viscose rayon requircs
2 tons of high-quality caustic soda. All rayon pulp and rayon skeins
are bleached with chlorine comapounds. The cellulose acetate rayon
and plastics require acetic anhydride in the manufacture of which
chlorine compounds arce cssential. The cellulose nitrate plastics and
lacquers require nitric acid now made by the oxidation of ammonia,
the hydrogen content of which may be obtained from the electrolytic
production of caustic soda and chlorine.

98. Sources of raw materials—About 80 percent of the world’s
rayon is manufactured from spruce pulp. American rayon mills do
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not buy the spruce but purchase sulphite pulp made {rom it. The
‘Canadian International Paper Co. at Temis-Kaning, Quebec, is the
largest manufacturer of bleached sulphite pulp for rayon. The only
large producer of such pulp in the United States is the Brown Co., of
Berlin, N.H. The Ranier Pulp & Paper Co., of Shelton, Wash., is
now manufacturing rayon pulp from hemlock.

99. Cotton linters, obtained from a second ginning of cotton after
the staple cotton has been removed in the first ginning, also serve as a
raw material for some rayon and for a number of the cellulose plastics.

100. Plant location.—Large American rayon factories not only
produce rayon skeins but they carry on such textile operations as
render the threads in condition for the knit goods manufacturer or the
weaver. Kuropean firms ship rayon skeins to “converters’ in this
country, who dye, twist, and wind the threads in a manner desired
by knitting and weaving customers. Because textile operations are a
part of rayon production in this country, labor costs form {rom
40 to 50 percent of total costs, while engineering and administrative
services add another 10 percent to the pay roll. Labor requirements
have caused large rayon mills to be built in sections where no other
industry is competing for semiskilled man and woman labor, woman
labor forming approximately half the total amount required.

101. Industrial control.—It is elaimed that 80 to 85 percent of the
world’s rayon production is controlled directly or indirectly by three
companies: Courtalds, Limited, of England; Snia Viscosia of ltaly,
and Vereinigte Glanzstufi-Fabriken of Germany. The English
company operates as the Viscose Co. in the United States and is by far
the largest producer of rayon in this country. The German company
operates two plants in Tennessee. The ltalian company no longer
operates any American plants, although a second Italian company
operates one plant. The E. I. du Pont de Nemours & Co. is asso-
ciated in rayon production with the leading French rayon producer.

102. While the rayon industry in the United States has been built
up largely by foreign companies operating under foreign patents, the
cellulose plastics industry has developed as an American industry.
The E. 1. du Pont de Nemours & Co. 1s the largest producer of cellu-
lose nitrate and manufactures the cellulose into numerous plastie
forms and into lacquers. The FEastman Kodak Co. is the largest
producer of cellulose acetate plastic, its plant being located at Kings-
port, Tenn.
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