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PHOSPHATE ROCK RESERVES

The World - United States -
Western Filelds - Wyoming

In his message delivered to Congress on May 20, 1938,
.the Preslident of the United States estimeted the knévn supply
of ﬁhouphato rock in the world at 17,200,000,000 tons. Of this
total, no less than 75200,000.000 tons were accredited for the
reserves of the United States. Our &opoaits-thnreforqjalightly
exceed 40% of the world's tonnage. Centeining only 6% of the
world’s area and 7% of 1ts population, our share of this cru-
cially important plant food may be deemed adequate for many
centuries yet to come.

In the President's message, 90.8% of the vest phos-
phate reserves of the United States were alloted to one region,
generally known as the Western or Inter-Muntain phosphate
fields. A map of these fields, long recognized as containing
36% or more of the world's phosphate rock, 1s published in
Bulletin No., 7956 of the United States Geclogical Survey., 4 photo-

statlec copy of this map appears on the following page.

A glance at the map insert shows that the western boun-
dary line of Wyoming divides the western phosphate fields into
two equal parts., Those lands that sre oross-hateched in black are
recognized by the Survey as phosphate bearing in character. One

half of those so designated areas appear in Utah, Idshe. and Mone

teana, and the remaining half, wholly within the boundaries of the
Soverelign éthtﬁ of Wyoming., ZExaet rigufes on the acreasge totals
of tha‘foug states will appear in tabulated form in the following
chapter - "Phosphate Land Withdrawals."

In addition to the four Roeky Mountain states, phosphate
rock has lcng been mined in five eastern states, The avellsble
tonnages for all states are separately tebulated on page 292 of
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USGS Professional Paper, No,

152, publisheq in 1927 under title,

"Geograph
Idaho,"
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Wyoning 1s not subject to revision in this report. Only one of
the five Iastern states in which phosphates have been mined for
rmany years is recorded with greater reserves then Wyoming.
Probably 25 yeers will pass before the newer solls of the west
will consume 250,000 tons of phosphate annually. If all of that
rock was mined in Wyoming, the supply of the state would last for
400 years,

For upwards of 30 years or more, raw phosphate rock has
been mined in Wyoming and adjoining states. The producers have
generally failed to receive more than §4.00 per ton for thelr
rock. ﬁithiﬁ the past 10 years, Wyomlng sugar beet growers have
pai& as high es £60.00 a ton for the processed product. This
price differential has seriously hindered phosphate consumption in
the state. Nevertheless, only one factor will Justify the construc-
tion of a phosphate works in the Western fleld. TechnOIOgical staffé
will have to be convinced boforchand that the rock can be reduced here
at a lower cost than at any other point in the U.3.4,

In selecting & site for a reduction plant, no geographic
factor will likely receive more consideration than the line that
forms the western boundary of Wyoming. That line is the central
axis of a region recently recognized by high authority as the
greatest depository of phosphate rock in the world. The boundaries
of Wyoming, Idaho and Utah meet at one point on that medial axis.
within a 15-mile radius of that common point, hugs-quantities of
phosphate rock seem to abound in every cardinal direction of the
compass,

Today, industrial sites are chosen strictly bn an engin-
eering basis. TFor the operation of a phosphate plant at the low-cost
site it would seem irmaterisl 11 e raw rock suprly came from Wyoming,
or say, itrom points distant no more than 10 or 15 miles bevond its
western boﬁndary line. = Some pipscueaks may take exception to this
policy, but the potenticlitles of Wyoming are of a broad and diverse
charactor. If public funds are utilized to develop the western phos-
phate flelds, 1t would not be essential for Vvoming to grasp at every
available monopoly. As a matter of eguliy, the “estern flelds are of
ample dimension for several states to share in the benefits of a

sizeble development program,



 CHAPTER II

PHOSPHATE LAND WITHDRAWALS

Status of Western Phosphate Lands =

Polar Zone Precedent

One-hglf of the lend still owned by the Federal Govern-
ment that is classified as phOSphate bearing in character is 10-_;H
cated in onming. The latest summary available on. the atatua of
these lands is recorded on page 214 of- the USGS Professional Paper,

'No. 152, previoualy cited. Extraots thavefrom follow.,

‘Status of Western Phosphate Lands

"In Utah, Idaho, ¥yoming, and Hontana the great bulk
of the phosphate rock is on publiec land, thiough some has -
passed into private ownership. The publie lands are with-
drawvn from entry pending their examination and classifica--
tion. No estimates of the acreage of phosphate land in.
private ownership are available, but the acreage of the
outstanding withdrawals of public land in the States '
naneﬁ is shown in Table 38.

TABLE 38.-0utstanding phOSphate withdrawala, July 51, 1927

_ Acres

Utah o o o o ¢ o ¢ 2 ¢ o o s o o D01,945

Idaho ¢ » © » © o © B @ ® @ © 596,612

‘E’F‘yoming e o s o 6 0 o » s o o o 996,539
6 © 8 & 3 ® 8 5 8 s ® @ 279 944 :

- Hontans

Total 5;'. + + + 1,966,590

In addition to the land ambraced in the outatanding
phosphate withdrawals, 268,299 aecres in Idasho, 25,293
acres in Wyoming, 3,833 acres in Montans, and 160 acres
in Utah--297,585 acres in =2ll--have been examined in
deteil and formally classified as phosphate land. The
total classified and withdrawn lands thus smount to
2,263,975 acres. The classified lands include 4,080
acres in the Fort Hall Indian Reservation, Idaho, and
20,576 acres in the Wind River Indian Reservation, Wyo.
The figure just given for total classified and withdrawvn
lands does not include phosphates of Mississipplan age, .
except those of the Leketown distriet, Utah, cor the de-.
posits privately owned. lgt e£ll this territory contains
high-grade rock, but tho ostimates on page 292, which
are conservative and incomplete, show that a Vast ton-
nage of high-grade rock mev be expected.”

A-map shdwing the asestern portion of the ¥yoming phos-

phate land withdrawals appears on page 8, of USGS Bulletin, No. 680.

It is inserted on following page. For approximate locations of

4
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remaining Vyoning withdrawels, reference nay be made to the map
previously inserted in this report,

The foregoing incomplete tabulation discloses that over
one-half of the Federal phosphate withdrawais are in the single
state of Wyoming. The supplemental figures show that the VWvo-
ning total is nore than a million ascres. In other vords, one acre
out of every sixty in ¥Wyoming 45 under the form of proprietorship
here deseribed. It 1s not surprising that our author made the
statement--

"ot all this territory contalns high-
grade rock, but the estimastes on page 292,
vhich are conservative and fncomplete,
show that & vast tonnage of high=-grade
rock rmay be expected.”

When appraisals can be completed in vears to cone, it
i{s possible thnat the phosphate rock tonnage now accredited to "Yvo-
ming will 56 considerebly augmentéd.

There is good reascn to believe that the prcching with-
arewals cover mcre than 90% of all the phosphate bearing land so
far discovered within wycoming. In this state, the Federal Ga:erﬁ«
ment likewise exercises a similar degfee of proprietorship over
vast potash deposits, coal, gﬁa and oil fueis, hydro-clectrie
works, and to other variefies of faw chemicéls that enter into the
fertilizer industry. Fron such a complete diversification of
natural resources, not only phosphates but every type of mincral
fertilizer could be memufactured at price levels far nere attrao-
tive than those prevalling elsewhsere.

/ ' Should pPOpriotgg; equities deecide the site of the pro-
posed reduction works, the rights of “yoming would surpass the
total of all remaining stotes. ormership tc such hugé acrea(;es
of mineral lands involves certcin resronsibilities, one of which
13 the factor of development. 7n -euPs paust, & number of ¥yo-

-~ 7 ning Statosmen dolivered orations cH the evils of absentee
(4

1endlordism. To peormit such lends to remeln in a perpetual state

of incctivity, causes a spirit of discontent to arise now and then

in certain comrmunities cf the state.



Polar Zone Proeccdent

Tabulationz, hereinbefore filed, ummistaknbly prove that
the largest single owmer of rich phosphate lands in the world is
the Tnited 3tates CGovermment, itself. For a part-way coriparable
precedent, it is nacéssary to .3(;; "f?c; the reccrds cof a Corrmunistic —
or Totalltarian ownership state., In its guest for phosphates,
Russia startled the chemical industry less than ten vears ago with
the announcemept that it was going to construect a treatment nlant
considerably north of the Arctic Circle. Their declaration was
gréeted overywhere with sharp shafts of ssreasm. Sclentists and

economists promptly assured the Soviets that nothing but a complete

financial fiusco was in store for an experiment so bold end un-

exsmpled. HNovertheless, all éf those dire warnings were eccmpletoly

disregardeds By 1931, a (4,000,000 factory was opened for business

on the forlorn sleopes of the Ehibiny Mounteins in the Keols Peninsula
at & point epproximately 100 miles inland firom the Arctic Ocean.

The locality approximates the latitude of the northerﬁmost tip of

LS

flaske. Apparently, tho egricultural potentialities of both regions N
dralogovs Both lie well beyord +he [ririis of- arborescont VQqe%af“‘-”?
are ginilare x Scenery in the immediate vieinity of the plant site
P A A
ves described by an American specialist retuming st that time as
follows: '
. "Hugo stone remnants of the glacisl poriods
block the cntrances to the vellevs, The poaks
are covered with perpetual snows and dreary tundre
lies for hundreds of miles arcund.”
The "North Pole" plant of the Bolshevils was Gesigned to
handle opatite, a phosphate mineral decidedly inferior to types thet
abound in "roming end other Inter-llountsin states. Intercst in the
nistory of this plent widered from year to vear. The Linersl Year
Books published by the U. S. Buroeu of iines report ennually in- .
croasing outputs for each succweding year ever since the works were
conpleted in 1631l. On page 1326 of their last annual the following
statemcnt appears:
"The T.S.S.Le (Fussia) 18 an important pro-
ducer of phosphate rock, due largely to 1ts Kola
— Feninsule dpatite depcsits, although in 1935 1t

is repcrted to have produced 1,750,300 tons of
low-grade phosphate roclz."

Q.{ ...1



Earller annuals of ‘the Burzau record equally brillilent
achiovements fcr the Folar Zone fectorr of the Bolsheviks, Exports
from the Aretic ports to the International markets are recorded to
range upwards from 26,362 tons in 1952 to 232,095 tons in 1935, the
last year of available statistics. Inspection of other tabulations
indicate that sizable portions of thosse shipments reached Unitegd
States ports. One page 1373 of the last ﬁnnual{all but {15 of the
phosphate rock imported into United States in 1926 i3 asccredited to
Russia as the pbini of origin. Earlier Federal vear books review

__prolonger litigation instituted in the Higher Gourts to keop out
that type of merchandise (Lrctic apetites) from the United States.
:In time, umore domestic phosphate plants may prove to be the lesser
-evil for the dispensation of prcblems of the International gravity
Imentioned.

Domestic phosphate economists who formerly devoted most
of their tirme to meking fun of the Fussien operations are now
chiefly engaged in &ttacking proposals fcr a phosphate plant in a
région as remncte and 1solated from eivilizetion as the V'yoming
Willderness., The Soviet experiment ¢en no longer be lightly digs-
'missed. It demonstratsd that lowly phOSphate rock could te mined
2%t poinis nearer the Lorth Pole than any cther type cof ore supply.
Original plens of the Bolsheviks called for the construction of an
elaborate system of rail and guto-roszds. To house the workers, a
clty for 12,000 to 14,000 people was pz ojccted upon the permanently
frozen 3ub=-soils of a region in which only one familv of an Eskimo-
like species formerly resided., Present output of the plant would
indicate that a major share of 4ts original grandiosé plans has
already materislized in e substantial manner,

4bility of the FRussian output to resch the fer flung
rarkets of the world is not surprising, In 1ater rassages, 1t will
be rainteined that tex-res, royalty-free rocl: similarly mined from
the huge Phosphate Land-WitherWals in “yoming +111 travel consider-
ably farther thsn analogous nmeterisl heretofore exeavated eéxclusively

from costly private holdings,

o
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CHAPTER III

GEQGRAPHICAL OPPOSTTION

Editorial Criticlenm - ¥ewspapers -

Technical Journels

0 longer can &an investigation be made of the fundamental
possibilities of wyoming phosphate areas w4ithout encountering hostile
cfiticism of diverse origin.

1uch of the present anti-propaganda seems to have arisen
within the past geveral mcnths. As no one hes yet f1led a systen-
atiec protsst ageinst the grewing oppesition, this chaptef 3¢ 4inserted
ith the view of freelng yyoming from meny dasparagements sO far
directed against development proposels vithin the Tnter-tountain
phosphate field. |
Hést cf the disapprobation circulated to dete 1s ef &
geographical charscter. In reallty, wyoning occuples bbe superlior
loestion on the wostern rhesphate front. For withstanding werbel
- attacks, the positions of Wyoming are considerebly stronger than
I: tnosgferected for the Inter-Mountain phosphete field as a hole.

gdltorisl criticﬁsn - Newspepers

At this time, - two radically different .schocls of thought
have apparently succeeded in splitting the hi therto pesceful phos-
phate incustry in twalne One brunch 13 headed by lay newsp&pafs
published in the great Metropolltan centers, In & ?ecent edivorial
in thé Few York Times, the perils cf constructing processing plants
in regions like the Wyoming Wilderness were fully set forth. AcC-
cording to thelr theorys no new works should be built at points
remote from markels, alresdy highly developad, If g1l new nlants
rast be ccnstructod in the cﬁﬂ*csﬁ of large tlantaticns, g% would

_ seen that future expansion uit%ﬁthe “4pdustry will be solely con-
fined to two states. For after eliminating the four “estern
states from the National ricture, vwe find that only Florida and

~ Tennessee produce phosphates in volumes sufficient for their own

requirenentse.

Space will not, pernit & digest of the mountainous mass

/0
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of criticism that has accumulsted since & phosthate plant was first
suggested for the VWesterm field. NMuch of it is toc superficisl to
warrant a review, If the lay press would display one scintilla of
sincerity, it would seem that their "Doctrine of Remotism" would be
fortified by actual facts and figures. At this belated day, plenty
of specific precedents are available for exposure,

Hereinbefore, the domestic and international econormics of
a new plant operating a thousand miles from nowhere, eand in a region
barren of all agricultural possibilities whatsoever were briefly
citeds The opcraticns of other remotely located plants may later
receive nmenticn in this report. Until newspapers will present re-
views, either pro or con,'cn specific operations, thelr readers
may safely skip the antl-propaganda so far published on Tyoming.

Technical Journals

Technical journals appear even less sympathetic to
Western field proposals then the lay press. Preeminent in the
current field of endeavor is "Chemical and Metellurgical Engin-
eering." A sample passage from their recent editorial cclurms is
selected for insertion below:

"Unfortunately, Providence placed these

%‘estern phosphates in the Inter-Mountain

country. They are of high quality. Thev can

be processed by old or new methods. But thev

are too feor from any market to warrant hauling

themn first to a processing plant end then ship-

ping their products to the farmer or to & suit-

able point of export."

.To file an exceptlion against foregoing message of sym-
pathy would be an act of ingratitude. An editoriel parallel 1s,
however, evailable. In 1934, "Chem end liet" fired far harsher
blasts ageinst the subsldized construction of a phosphate plant
in the Tennessee valley. Apparently, much water has floved over

Wilson Dam in the meanwhile, Since 1935, no journal, sclentific

or otherwlise, has sung louder waens of praise on the revolutioneary

"¢ achievements of the TENNESSEE VALLEY ATUTHORITY than "Chem and Met,"

itself,
Annually, the foregoing journal awards a £1,000.00
placue to an outstanding private corporation for its meritorious

contribution to the advance of the chemical industrvy. This mark

/]



pénies. Glanees at the notation cencerning that last avard made on
December 10, 1937,
”Outatanding among the developrients in chemi-
/  eal engineering which have come into fruitition

since the last Chemical Exposition is tho large-

scale production and utilizetion or elemental

phosphorous, 4 Tesearch program inftiated by _

the Yonsato Chenmical Company at 1ts fmmiston, - Anoesiso

Alabama plant in 1935, and later extended to
its St. Louis ana Dayton laboratories, culnine

furnace plant in Tennessee, lHonsato thereby

becomes the natlon's largest producer of phos-

phorous, Simil tancous research has alseo :

opsned up a broad fieslg of usefulness, 14tor-

ally a vhole new chenmistry of phosphorous in

organic as well asg inorgenic combinations.

lueh more will be heard from this vork in

eoriing months,"

Since last Pecember's prize was awvarded another ma jor

,{: R

furnace for the processing of phosphate roek within the promis-
ing Tennessee fileld, Tt may be voted the 1938 industrial avard,
From year to Year the kaleidOSQOpic €xpressions of Editor Kirk-
patrick are followed with inereasing diffieculity, By 1943, the
industry should becone sufficiently stabilized with surplus
capacity plants for g new Tyoming corporaticn to take the annnal

chemical award, Geographic&lly Speaking, g Yyoming site would not

!
ki

have recently campleﬁéd.modern phosphate works. In time to conie
few areas wili 1likely denand IiCre phosphate tonnage than the

Netional Freadbasket, itselr, 1If g “yoming vorks captures big-
scale markets that st111 remain open on g rerity basis, 1t vould
Seen that only g slight amount of edditional crow vould need to

be digested by editorial opponents,



CHAPTER TV

PHOSPHATE DIVISION OF THE TENNESSEE

VALLEY AUTHORITY

Research Activities

Economic investigations

Mandate of Congress .

Wyoming Offers Room for Enormous Technological Advancement

The Schwartz Investigation Cormitlee

Private Lends Vs Government Withdrawal Lend Operations

Basic Rock Coats and Cheap Hydro-Energy Dictate Plant Locations

So far phosphate products have been manufactured at cnly
one point by the Federal Government. For processing Tennessee rock,
the Tennessee Valley puthority (hereinafter referred to as the
TVA) recently ccmpleted an electrie-furnace plant at a cost of
mé,OO0,000 gt wilson Dam, Alsbeama. A primary object of this con=-
struction was to provide a market outlet for the surplus hyvdro-
energy previously developed on the Tennessce River by the fGovern=-
méﬁt, itselfl. _

During the year past, TVvA officisls conducted studies
on the industrisl potentliallities of the Inter-iountsin phoSphate
flelds. 30 far, their findings have not been published. In several
rospects, the cost of processing rock would be considerable less in
wyoming then at the present plant on the Tonnessee Piver. A few of
the cutsﬁaniing achievements cf the TVA are indicetced in the follow-
iﬁg SWWLAT Y e

Research Activities

The story of the pnesphate division of TVA cannct be com-
pressed into a few words. For sstablishing the cruclal importance
of phospnorous &S5 the most ossential umineral plant food, 10 aiency
has yet offered pateriasl proofs so sound and convincing. TFor causing
phosphates to play a dual role and thereby eliminating the purchase
of another costly mineral element, hitherto considered essential in
the sericultural vorld, {he group of TVA technologists again stund
out in the forecfront. Manifestly, such revolutlionary exp-rincnts

will visibly broaden the markets for msnufactured phosphatese It ds

I3



hardly surprising thet TVA recently broadcasted the following
statement;
"Yet it has been conservatively estimated

that if the needs of the land were reasonably

met, the United States alone would consume ane-

nually 10 times the phosphate now used 4n a

year - - - -, lany students of the subject have

urged restrictions upon the export of an element

which is so necessary and so irrepleceable,”

Should domestie production be increased 10 fold, the
Teserves orf all eastern fields would be exhausted within the
next l3-year period. By that time, the Industry would be forced
to conduct all of its nining activities end most of its nenufac-
turing cperations solely within the Inter-Mountain field in which
90.8% of the National supply still reposes, virtually unseratched.

| Perhaps, the phosphate problem is no longer as sectional as current
P preachrents would lead us to believe,

Economic Investigations

The phiiDSOphy of TVA research end development covers
wide fields of endeavors, Its studies are not limited to scientific
problems alone. In order that the grower can purchase his phos-
phate at lower and lower costs, the economics of manufac turing
are investigated down to the minutest detall, Should g new type
of sack or container prove equally servicable, it will be adopted
even if the saving amounts to only a fraction of a cent. In the
relentlpss campalgn staged by Tva for lower cost phosphate, 1ittle
time is lost before such savings are pessed on to the consuner,
Apparently, the custorier of the project receives primary considera-
tion under the exlsting administrotive set-up,

¥andate of Congress

The Mandate of Congress that directa-TﬁA to "improve, in-
C¢reasse and cheapen the producticn of fertilizer and fertilizer in-
gredients" is chiefly responsible for the current invasion of‘majdr
chemicel corporations into the phosphate fields of middle Tennasseé.
For processing the rock, these rivate coneerns pattern their plants

: ¥
_ﬁ?along the new electro-thermal procgdures that TVA first demonstrated

3 thelr practicalness from laboratory to pilot-plant stage and béyond.

/Y
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The Fedeoral group of teclinologists constantly evolve
stronger ﬁnd stronger phosphatie compounds. At the May, 1938
convention of the Chemical Institute, Dr, Harry 4, Curtis,
Chief Chemiecal Enginser of TVA, eannounced that his organization_
will produce a new fertiliger carrying 65% of available vhosphate
Or an annual seale of 50,000 tons per year, Apparently, the new
concentrate is three times as powerful as the 16 to 20%Z "super-
phosphates" generally sold to farmeprs before TVA entored into the
industrial pieture. Scientific achievementsof that magnitude
ﬁiden the merketing fields of Prospective Wyoning manufacturing
sites several folg, Regardless of'the reasoning of the School of
Reriotists, the cost of the fertilizer on the farm (per ton of phos-
phorous available for plant use) 4s less, due to lower freight rates
on the proportionately stronger cohcentrate shipped,

Yyoming Offers Room 'or Enormous

Technological Advancement

TVA technologists tall the world that "room sti11 remaing
for enormous techniecal improvenent in the manufacture of phosphate
plant food." 1If Tva Intends to step up their products to the final
efficioney optimnm of 83.29, a locality containing a fur rore
variegated arrey of natural resources than Tennessee rmist first be
Sought. 4 single valley in'Wyoﬁing strongly resembles a huge dynar-

icel end chemieal laboratery., of a1} spots in the world, in it alone

“is coneentratedjin literally exhaustless volume;every knowvn form of
i &

basie energizer, every raw meterigl primary heretofore deemed essen-
; , _ )
tial for the manuigeture of all types of nineral fertilizers,

T hwarts 29ticatio rim4
i1 Schwartsz Investiration Cormittee

& weekly smartchapt reeently eriticfzed Tya for its

'"obscare financial records O uii2 power program - - - and that

no limpartial technieal appralsal and report of the fortilizep pro-
Eran ever has been made to the board or to the public." Lacking
up=-to-date figures, 4t 1s rather di1fficult for this report to file

conparaetive cost data, This date 1s too premature to point out



A few weeks later a Senatoe Comnittee was appeinted to
investigaue the records of the project. Crities of the TVA and
of similar power projects in VWyonming and elsewhere will doubt-
lessaly seek a megaphone in order to strenthen thelr voices es
they offer testimon--, However, Senator Harry He Schwartz is a
member of the prezent Committes, Before 1ts findings are ane-
nounced in Januery, 1939, all may rerain assured thet at least
one hard-hesded, business-man type of western progressive will
have all available figures for concluding an "impartial technieal
appraisal” on the relative costs of operating phosphate works 4n
both Tennessee and Tyoning, Af least a2 broad ang thorcugh investi-
gation is assured of 7TVA by the fbrﬁ in which Congress phrased 1tsl
resclution of inquiry,

—  Private Lands Vs, Government ¥ithdrawal Lands

fmong the charges that will be heard 4n the present
Dattle is the price that TVA paigd for i1ts phosphate lands. Such
criticism can be of little locel interest. Ead e similar project
come to Wyoming in the first instance, 1t would have found liter-
ally at the back door of the plant. hitﬁ a million acres of rich
rhosphate besering land already ouned in fee simple by the Govern-
nent, itself, That Yyoming acreage represents one half of the
Government ownership in the Inter-lountain fleld, tie largest
phesphate deposits so fap recognized in geologv. Obviously, a
Federal phosphate plant could operate in Yyorming without tying up
any porticn of its funds in the acquisition of additional lands,
Oth¢r vantege points would be occupied by a loeal project All
will agree that it would be entirely irmmune from the type of eriticism
now used to smear the TVA project.
A5 the Sovereign State of Tennessee was entirely free

of Pederal-ovmed rhosphate 7ithdravals, 1t was necessary for TVA

to enter into an extensive lgnd ecquisition campalgne To assure
an sdequate ore surply for operzting the plants,options to rent or
purchsase outright vere exercised on several of the better rhosphate
bearing areas of kiddle Tenncssee, Such procedures tend to raise
lend valves especielly in areas not known beforehand to contain

exhaustless Supplies of raw matcrial, In recent vears, industriagl-



1zaticn has made rmuch progress in the Tennecusece villeve Hince
the Invasion of the 1VA, two private concerns have, likewise,
constructed sizable phosphate works in the vzllev, These sub-
sequent orivate cperations doubtlessly did their share 1n beoost-
ing Tennessee phosphate rock to price levelg considerably above
the Hational average.

Basic Koek Costs and Cheap Hydro-Imergy

Dlctate Plant Locations

4 report entitled "TVA Estimates Favorable Costs for
Conecentrated Superphosphate” was published 4in the November and
Tocember, 1936, issues of Chemicgl and Hetallurgical Fngineering,
The authors were three of the Chief Chemical Ingineers of the
Federal project. After tabulating 16 separate items that enter
Into the manufacture of the TVA finished product, the following
conclusion was recorded as to the relative importance of éost
items:

"It will be noted that cost of phosphate

(rock) 1s 37.24 of the total cest and power

©0.8%. Obviously, plant lccation will be dic-

tated to a large degree by these two itemus, and,

inasmuch as power used per ton of phosphate may

be trans:itted at very low cost compered with the

cost of transporting the phosphate, a plant loca-

tion near the phosphate deposits i3 indicatea,"

Tabuletions_appearing in the guoted report indicste that
nearly two ton of raw rock was being used to malte one ton of super-
phosphate. Today TVA mukes s mere powerful phosphate that will re-
quire neore than 2 tons of rock per ton of finished product.,

Opponents of ¥Western plant proposals generally linit
future marketing territory to a peint midway between the TV.A works
a2t wilson Dem, Alsbama and the central areca of the Inter<liountsin
field. The more favorable geogrunhy of “yoning reduces that in-

- tervening distance by at least 125 miles. Another lceal factor
would shrink that cormicnly objected-to nilesge nore conslderablyv,
If TVA bought or leassd its phosphate lands on g rovalty basis of

$1.00 per ton of contained rock supply, no eritic would likely

develop a severe hewdache over their style of primary investrent



/ procifdures. E%t diffcrent conditicns prevell uithin the “vemlng
ield. Its hugé Federal Phosphute Withdrawals would entirely
elinminate royalty paymagts. This saving would cut the cost of
the finished product at least ({2.00 per tcn. That emcunt would
prove sufficient to penetrate competitive marketing territory to

en additionsgl denth of at least 200 niles.

Two factors mey likely dictate the location of the
next site for a Federsl phosphate works. First, an uniimited
supplga%ﬁ_ 2§%§ty-free rock; second, lowest cost,enérgﬁndirectly
from a Federal hydro-project. Localities that can provide both
cf théga bzsic requirements at one ségt are few gnd far betveen
throughout the Inter-Mountain FPhosphate fields.

rreviously quoted official data discloses that the two
foregoiﬁg items total 53% of the cost in the manufacture of the
most essential mineral food consumed by plant life. Former
geologists have repeatcdly appraised the value of the rovalty
exempt phosphate lands owned by the Governrient in ¥veoming gt more
then {100,000,00C. Next vear, the U.S. FReclamation Serviece will
complete a (110,000,000 hydro-electric works in a nearby Vvoming
locality. Basic equities of these huge magnitudes should prove

guite sufficient by themselves to guarantee the manufacture of

rhosphates at the absoclute rock-bottom cost level.



CHATTER V

PHOSFHATE MINING

S

#yoming ilines - Utah Mines -~ Idsho Mine - Montana Mine
Long Distance Transportetion

Big Scale Phosphate Foctory in Canais

Anti-Duaping Laws

For upwards of 30 years or rore, phosphate roeck has been
mined in Yyoming. In view of the vastness of 1ts deposits a&s well
as their easy accessibility to railway transportation, it is not
surprising that first mining operations within the Inter-Mountain
field were conducted at the more outstanding sites in Vyoming.

Viyvoming Hines

In Govermmental literature first citations of actusl
mining operations appear in USGS Bulletin, No. 315, entitled
"Contributions to Economic Geology, 1906." That publication takes
notice of the pioneer small-scale operations that were then under
way at Sage and Cokeville, ﬁyoming, and also at Montpelier, Idaho.
These references have only a historical value tedav,

First official description of a sigzable phosphate mining
operation in the “Wyoming fileld apéears in USGS Bulletin, Yo, 430,
entitled "Contributions to Economie Geclogy, 1909," It follows
belovws:

N "Development

The mine at Cckeville, which hes been de-
veloped by the Union Phosphate Coripany, consists
of a series of tunnels run in on the strike of
the main phosphate bed. The nining practiece fol-
lowed involves the brealting of the roek by over-
head stoplng; stopes are opened above the several
tunnels through upreises; the rock is hard, and
air drills are used in putting in the holesg "the
breaking is done with glant powder: the stopes are
set with timbers and the rock or ore is allowed to
settle between the timbers and dravm off by chutes
Inte ocars that in tura éump inte the lower stopes,
which are used for storage purposes, the ore being
‘inally drawn off into the car on the lower level,
which dumps into the outside bins for loading the
wagons, Little work has been done in the upper
tunnel, but the other three are each approximately
1,000 feet in length,

0ffsets were noted in %the seccond and lowest
tunnels. One has about 6 feet throw at e distance
of approximately 80 feet from the entrance. Another,
about 1,680 feet in and about 35 feet back from the
the face of the tunnel, shows a displacement of un-
Imown throw. An examination of the surface above
the mine revealed the existence of a fault--probadbly



Be 15° E. and & horizontal offset of about
556 feet to the northeast vn the north side.

The section of the "meln beds" 1s fairly
constant, and 41tg detalls and the distribnu.
tion of the rhosphate content are given in the
section of the park City formation on page 505,
Tho portion mined and shipped at present is
5 feet 4 iInches thipk with an average content
of over 35 per cent of phosphoric acld, equiv-
elent to 75 per cent of tricalcium phosphate, "

A geological map of the Cokeville phosphate ares ase-

companies the preceding deseription, A copy of this map eppears
on the following page. Tt plots the Oregon Short Line, 1 2 niles

-due west of the phosphats mine. The intervening distance 1s over
a level flat, |

Next noteworthy deseription of Vyening phesphate nines is
In the Usas Professionsal Paper, No. 152, published in 1927 on Idaho
areasgs, This cﬁmprehensivs rublication has been repeatedly cited,
hereinbefore, Tt conteins references on the rast operations of
three phosphate mines in Wyoming. 4in extract on the largest opera-
ticn of thet reriod follows belows

Cokeville Phosrhate Loe-Acoording to press
statements®* the Cokeville Phosphate Co, at Coke-~
ville, W7o0., is EroWing rapidly and now markets
its procduct in California, Oregon, and Vashingzton.
The phosphate bed is 6 feat thiok ang dips 756,

It is mined by the shrinkage system, and as it is
taken out of stopes on the lower level it 1s fillead
in from a stope above, 1n this manner the lower
stopes are always kept full of ore ready to be
trarmed out to the mill, About 100 tons are
mined daily, The vorkings extend only 700 feet
frem the entrance of the lower tunne1’ The cars
run cut by gravity to the mil1l, The rock 1s
crusied, dried 4n g rotary drier until it con-
tains less than 31 per cent of moisture, and 1is
then pulverized so that 95 per cent of it passes

& 100-nmesh sereen and 65 per cent of it passes g
200-nesh sercen, The storage bins hoid about
1,100 tons., & markst for pulverized rock hes

been develored on the Pacific const ena since the
cutput is sold on flve<yesar centracts g steady de-
mand is essured, Titn no execessivs selling coszts
a low price is maintained,

The original plant was built in 1913, It 1s
about 2 miles from the railroad and is corpletely
electrified. In that year only 4 cars were shinpped,
In 1925, 149 cars were loaded. F, i, Breese is
president and general nenager of the coripany,

#Producing pulverized rock phosphate
by the shrinksce system: Pit and uarry,
VO].. 12, NOe 2’ PDe 85-87’ Apr. 15’ 1926.

-
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The two preceding extracts are of suflicient length to
€stablish the sound type of geology on vhieh thé picnesr nining
¢operations of the Inter-Hountein phosphate fielg Wwere conducted.,
The reccrded analysis, 75%, tricaleium phosphate is not surpassed
by the ore bodies now beilng mined in the Yestern fiold. Only one
larger mining operation 1s aceredited to the Yestern field in the
3COre or more Survey publications exariined in the bpreparation of
this report. |

Utah Mines

Utah seems to be the only stats of the Inter-Mountain
field that has been free of phosphate nining operations in recent
years,

| About 30 years 8g0 some development operations were under
vay &.few hundred feet west of nile-post, No.. 52, on the Yyonming-Utah
line. The nearest railway point to this leecality 1s Sage, “yoming,
a station on the Oregon Short Line, Lprarently, no Trépresentative
of the U,.5. Geological Survey hag reported on the locallity since 1603,
Ideho Mine

The largest mine so far developed within the Vestern Phos-
phate fisld 15 located gt Conda, Tdsho. The latest deseription of
the preoperty in ysos publications appears on pages £36 ang 237 of
Proffésion&l Paper, No, 152, The follewing passages econtain some
conparable values in respect to ¥yoming mines previously described.

"The pressence of g 7-foot bed that contains 707
of tricaleium phosphate may be safely assumed,"

"Bscause of the limitations just namea it is
necessary during develorment to follow the phos-
phete bed, which, since 4t is highly'inclined, apsa
rears like a vein of lode, with a smaller heading,
vhich is the same size as the ordinary Butte drift
and 1s generally timbered in the same manner,"

“A branch of rallroad about 8 miles leng con-
nects Conda with the mzin 1ine of the Union Poeific
Fallroad Just east cof foda 3prings.”

4 glance at the proceding rap of the Cokeville Phosphate
ares shows that Tyoming rhosphate riines 1lie 4 times as e¢lose to
mainline rzilroad tracks as the big mine 4n Idsho, Construction
of the shorter branch lines decreases operating investment consid-
erably. The rellroad from vhich the € mile branch ves cormmleted to
Cond., Idaho i3 precisely the same line that pssses threourh Cokeville,

wyoming., In “yomding it is generally referred to gs a feeder line of

i e
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the Union Pacifie Rallroad.

The preceding extracts disclose that the Conda nhosphate
deposits are in conformity with the "highly inclined vein or lode"
types previously described for theo Wyoming mines, The width of the
Idaho veins are reccrded at 7 fect agninst the 5 feet 4 inches and
6 feet widths previously accredited for the “yoming mines. Roek
could be mined st a lcower cost in the wider veins of TIdzho: but the
operation savings would only smount to a few cents on the ton.

The Conds mine 1is now the largest property operating in
the %estern phosphate field., It lies only 70 miles northwest of
Cokeville, via rallway. For resching naturel markets, a trensporta-
tion cdvantege of at least 70 cents a ton 1s indicated for the Coke-
ville deoposits,

| The mine in Idcho occuples e favorable position for reach-

ing the markets of the Pacific lNorthwest. Ever since the mine was
opened at Conda, its rock has been shipped to a large prcecessing
plant at Anac?nda, Montana. The intervening distance i1s 350 miles
or cocnsiderably farther than phosphate roek is shipped, by rail,

to rrocessing plants in the older Scuthern 1ields, The distance
between the mines and processing plant of the ™A is hardly half
that fear,

£t no time haﬁzmining orerations been conducted within the
huge Inter-Hountain Fhosrhate field at a point closer to the exsact
center of.the United States than Cokeville, Vyoming, This geographi-
cal factor will likely remain unchallenged for a number of vears to
come, Ior reduction at the lowest costs attainable in the Yest, the
Cokeville rock would be hauled a distance of only 114 miles.,

Heretofors, 1t has been the policy of mamifecturers to
select plant site even more remote from Netionel markets then the
phosrhate fields, themselves, and later, file complaints on the re-
stricted buying power of their tributary merketing areas. 4 plant
site in Wyoming would produce a controry effect. For the first time .
the "‘estern field 1tself would literallv be transported an appreci-
able distance in the right dirsction. From 41ts easternmost point
of mining development, raw rock would be hauled en acdditional 114

miles in the directlon of the big-scale markets,

23



The Cokevillé riines are only 10 miles distant from the
peint where yoming, Utah and Ideho corners. Huge tcnnages of high
grade phesphates are known to occur in that vieinity. For plant
operetion, It would scem that any one cf these states eonld Pro=-
vide an adecuate roclk: gupplye To date the superior railwey facili-
ties of #yoming have decided the location of mines in that favorable
Tri-State zector of the Testern phosphate field.

After operating continuously for a period of 25 years, all
phosphate mining was suspended in VWyoming in 1931, Output of the
mines rmust have been considerable for in the laterbyears, the Fed-
eral Bureau of Hines ranked Vyoning aé the 4th phosphate producing
state In the nation. Total production figures of the state are on
file in the Bureau, but these tonnage rceords sre not subject to in-
speetion by the public at large,

Technologieal advancement seems to be solely responsible
for closing down tue mines_in the Wyoming field. For many vears,
statisticul annuazls recorded the slmple stetement - - - "The Coke-
ville, Viyoming rock was used for direct application to sofl.” That
form of g3similation never would procduce more than a 29 efficiency
rating, and such insffective practices are now severely condemmed
by educational sgencies like the Tva,

£t this time only twe mines arcIOparating within the en-

ire Inter=Mountain field.. Output of each mine is exclusively uti-
lized for the manufaciure of superphosphates thet are approximately
507 efficisnt. . One of these plants 13 ovned by the largest Copner
Mining Company in United States, end the other, by a similar concern
operating in Canade,

Harkets for the Wyoming rock apparently began to narrow
in 1980.' In that year, the Anaceonds Copper j#2ning Co. cormnleted an
acld plant of =C tens duily capacity at Anaconde, Ifontsna for treat-
ing the rock nined from its flende, Idcho phosphate properties., For-
merly its smelter vielded large quantities of sulphurie acid fumes
that could not be sold owing to distance from the market and high
freight retes. An acid phosphate plant seemecd to offer 2 natural
outlet for the by-product theretofore unsalable. Since 1920, opera-
ting capscity has expanded several fold. In 1936, the plant treated

47,1128 tons of rock nmined from the company properties at Conda, Idaho.

RY
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That was the largest mining operation in the Vestern field in 1936,
the laét vear of available statistics.

So far as known, all phosphates now scld in Tyoming are
proccased at the Anaconda, Montana plant. The 350-mile heulage
from mine to processing plent, and even longer distances, that the
soluble phosphates must travel to reach lecding merketing ereas of
Viyorming is mainly responsible for the limited use of mineral fer-
tilizers in the state.

A Hontana line

-Final exit of YWyvoming from the phosphate mining field in
1931, nay be laid to a huge phosphate manufacturing works that was
opened for business in that year by the Consolidated Hining and
Smelting Coes of Canada, itd., et thelr copper smelting site in
Trail, British Cclumbla. Industrial opcrations at Trail and Anaconda
“are somewhat anslogous. The Canadian viorks was built arcund & sul-
rhmric acid plant having a daily capacity rating of 375 tons. Out-
put of concentrated phosphatic and nitregenous fertilizers runs as
high as 450 tons daily. More than 225,000 horse power of hydro-
electrie energy has already been installed for the operation of the
Treil enterprises. HFHost of this energy is dcubtlessly consumed in°
the manufacture of ammonisted phosphates, a costly variety of fer—_
tilizer that seems to be already outmoded by findings recently pub-
lished by the TVA group of research workers.

For thelr ore supply, the Canadien company takes the
entire output of a phcsphate mine located at Garrison, lMontana.
Export shipments from that nine in 1936 were recorded by the
Bureau of liines at 40,545 tonse.

Long Distance Transportation

Oppqnents of development programs for the Inter-~lountain
area frecuently confirm the inability of rhosghate rock to move any
considerable distence betweon Uio poinils, provided, voill points iie
within domestic territory, exclusively., An earlier chapter maiﬁ-
tained that figures are seldom submltted on how far analgous mater-
ja]l sazetinmes travels to get intec the U.S.A. At times, the same
lewly type of ore supply 1s transported appreciable distances in
order to get out of this country.

Pro and con arguments are already availeble for the solu-

tion ¢of the Inter-lcuntain transportation problerts On this debatable

—
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Issue, one Propaganda organ filed two contrarious opinions within
the past twelve months, Both follow below:
"The Inter-liountain Phosphates are toe far
way from any market to warrant hauling then first
to a processing plant ang then shipping their Pro-
duets to a farmer or to o sultable point of 8X-
port,"
Less than a year 880, the same journal mentioned:
"oP outstanding interest to chemical engin-
eers are the large ang €xpanding chermical and
rmetallurgical activities gt Trail, B, c."
48 agricultural endeavers do not appear noteworthy in
i the vicinity of prededing works the following rs11 mileages cover
the route now folleweg by nearly 1/2 the output of the Inter-lMountain
Fhosphate fieldss
Phosphate rock, from mine to smelter-site, «541 miles

Superphosphates, from smelter-site to
nearest ocean point of export. . . . . . 568 miles

Total “365§-hiles

The foregoing mileage total does not tell the entirg
trahSpcrtation story. A4ibout 2 tons of rocn &re required to make
2 ton of hign grade phosphete. On & ton-mile basis phosphe tes
manufactured ot g Wyoning point of origin might travel as far ag
Tennessee before freight billg ¥ould exceed the transportatien
charges of @ phosphate Ooperation now- being succeasfully conducted
in Canade, Fecent annuals of the U.3, Bureay of Kineg likewise
8ccount I'or current CXpansion activities et the foreign site notated
in one ci the last citations,

Big-Scale Phosphate Factory in Qenada

The irmpresgsive developments at Tpasl entailed an expen-
diture of over qu,OO0,000, OT more than twice the figure origin-
elly allotec by Congress for the construction orf the Tva fertiliger
plénts. The Trail enterprise T'epresents one of the worlgrg largest
Investmenta within the fertilizsyp field. 1t lmay develcp into Cana-
dat's iorpest chemical ircdustry, 1r § similar rlant was projected
for this Gecidedly more preeminent agricultural nation, compérable
populations would call for an outlay over 12 times as large,

Location of the site for the Canadian plant, likewise

Seened to be contrary to all established rules of £oogrephy, clina-
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tology and other vagaries of econonic thought. Umtil quite recent
years, it was hardly considered safe to corstruct sizable phos-
phate works cutside of the state of Florida., A Tew cld-tiners sre
still of the owninion that applicaticn of such costly minersl food -
should be limited to their tobascco, cetton anag citrus fruit lands,— (;::
exclusively. Preduction figures on the leiter stylie of ecrons in

Canezda are vet unavailgbile. Perheps, Cur Ledy of the Snows neigh-

bor is convinced that rhosphates could be applisd even on her |

cocler solls with some visible degrees of procfit.

Antl-Dunmping Laws

Eereinbefore, some cognizence was taken of the drastie
action that this netion utilized to exclude the preducts of a
rhosphate factery operated by the Soviet Republic north of the
Arctic Cirele from entering our shores., The big plant in British
Columbia had barely begun to function before $ts operations were
noted by the Anti-Dumping laws and nachinery of this nation,
along the lines of the following syllabus:

"The Tariff Cormission was directed by Sen-
ate Kesolution 298, 72nd Congress, December 8,
1932, introduced by the late Senator T, J. Walsh
of Montane to investigate under the authority
conferred by section 336 of the Tariff Aet of
1930 the difference in the foreign and donestie
costs ol phosphetes, Superphosphates and similar
articles. On Decerber 15, 1532, the Tariff Con-
misslion amnounced the Institution of an investi-
getion tc carry cut the requirements of the
Valsh resolution. On August 19, 1933, the com-
mission ordered a public hearing which was held
on September 12, 1833 in Washington, D. C. The
Anaconda Copper Co., United Hetal Selling Co.,
and West Coast TFertilizer Tariff League presented
data regarding the competitive situation between
dormeatic and foreign Superphcsphates on the
Pacifiec Coast of UnZited States, clained dumping
of foreign superphosphetes and asked protection
for the Vestern domestic producers,"

Apparently, the Walsh resolution was irtroduced to protect
heavy investments 1n phosphate manufac turing works ovned by ‘“naconda
Copper Company in Montans. It is not stated that the resolution was
aimed directly at the Trail works., But operations at the big plant
in British Columbia were seriously constricted shortly after those
procéedings were initiasted. Since the low point of 1933, ocutput
volume of the Canadian plant has expanded more than 60 times,

The arcas covered by the hearing proceedings foimmerly
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constitued the marketing territory of the o0ld and now insctive
rhcsrhate nines at Cokeville, “yominr. As a matber of fact, their
nen-rrocessed raw-rock outputs never did offer serious commctition
against the vastly superior phosphate sclubles now being turned out
by the big-scale works recently constructed on both sides of the

Canadizcn boundary line.

CHAPTER VI

Hining Costs

Tennessee - Wyoming Contrasts

Production and Valuation Comparisons, Eastern
Field - Vestern Field

Royalties, Taxzes, Othor Intangibles

Overhead Costs

Preliminary -Estimate on Processing Costs

More Research Required

The western phosphate rocks are rmch like the Tennessee
blues in appearsnce. They have the characteristic golitic strueture,
and varieties so fer mined in Wyoming are of a deep black color. The
75¢ tricalcium rhosphate content hereinbefore accredited for the Coke-
ville rines eppears slightly higher than analyses generally recorded
for Tennessee operations.

Tennessee-lyoming Contrasts

Two prior citations described the mode of cecurence of roek
so far mined in Wyoming. The Tennessce deposits ocecupy similer con-
formations. In both states, underground mecthods have been followed
for mining the steep-dipping, well defined beds,

Unfortunately, the Tennesseco beds are rarely more then
3 feet thick and usually less, and much barren material must be
moved in order to approach the desired phosphatrs, By wey cf con-
trast, tne mining operations hersinbefore reecerded for the Cokeville,
Wycning district showed the rhcupliste beds to vary from & feet, 4
inches to 6 feet in thickness. Tn ray ore of those dimensions, no
dead work at a1l needs to be perfomied. Being twice as thieck as the
Tenncssee seans, Wyoming phosphate rock oughit tc be mined at half the

cost of operation in the Tennessce field,
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o current operating costs are available for Yivoning as
no phesphate rock has been mined in the state during the 7-vear
reriod last past. Up to date Tigures ere, howevor, available for

/ Temnessec and Montana. The following compaﬁétlve data is assembled

from tabulations apnearing in the last Mineral Year Book:

Production and Valuation Comperi aons

Eastern Field Western Fleld
Tennessee - ; Fontana
Average Ton #Aiverage Ton
Year Long Tons mined Value Lonz Tons Mined Vaiue
1934 394,311 $4426 2,086 3465
1935 493,501 §4e22 27,497 124068
1956 737,866 4404 #36,022 | $2e11

W

#0nly one company (¥ontana Fhosphate Precducts Co.,
of Trail, British, Columbiz) operated in the state,
Its previously reported 1936 production (40,345 tons)
vere tons of 2,000 pounds.

Gpdrating costs per ton decressed in both states as their -
prcduction oubtputs rose frém vear to year.

liontana made the better cost per-ton showing. Its single
mine expanded 1its output 1700% within the brief S-year interval
reccrded.

Rovaltics, Taxes, Other Intancibles

2k

lease ncte the foreign address of the present operstor
in Hontana. It is doubtful if such a concern could do business
in this state. Twenty-five or rnore yéars ago, sbout all of the
kncin phosphate lands in Wyoming were thrown into huge lend with-
drewals. such lands are now open for lease, but only, by domestie
corporations or individuals. Before an alien concern could develop
one of these sites, complicated legalities would have to be untan-
< gled,; preferably ee—%ig‘p&r¢mci a constituticnal lawger.
The econcmic potentislities of the “estern rhosrhate

-3~
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lMuch pioneer work remains to be done. Tor establishing the low

ot

cost mining reccrd and for proving how far the “Western rock can
actually travel, credit must go to the foreign operator, exclusively,

A prior citation urged a restriction of the expertation of



an element - "so necessary and so irreplaceable as phosphorous,”
That theory may have provided the underlying motive for creating
the huge withdrawals in Tyonming by Executive decree more than 25
vears &£0e. Perhaps econonists of that perlod foresaw the arrival
of Federal research agencies like the TVA. Today, a nillion acres
of this state are best suited for development by direct Govern-
mental operations. Othor statés contain far less Phosphate Lend
%ithdrawals. As such, they provide rmch greater latitude for ex-
ploration.by foreign interests.

In the preceding tabulation, the 1936 rock costs for
Tennessee and liontana aro listed at (4,04 and $2.11, per ton, res-
pectively. These listed pér-ton values rust include taxes, royal-
ties, profits and other intangibles. The tabulation, however, is
only good for comparative purposes, provided all listed figures
cover private operations exclusively. There is & slim chancs that
the lontana mine was operated in a Phosphate withdrawal. If S0,
10 cents or more of 1its racorded valuation consisted of a royalty
payment. lio payment like that would have been included in the
valuation totel had the mine output been consigned direct to the
TVA works in Alabama, instead of the less remote destination in
British Golumbia, previously recorded. For 1936 operations, rock
valuction at the Montena mine appears to be slightly less than
half of the Tenneaseé average, 1f a deduction 13 allowable for a
Federal rovalty pajyment.

Qverhead Costs

In 1936, Tennessee's share of the domestic market for
phosphate rock was 30%. The precegding tabulation indicates that

the Montena output in thet year more ncarly egualled 17 of thed Zic

-

consetan/Terin,

;. natlonal ecmperables A8 a matter of fact, ell of the latter pioneer

production was exported as ore supply for the operation of a distant
foreign plant.

All will agree as to the unfairness of filing reclative
costs on the innovations of newly organized nining concerms with the

technicue and achlevenents accurmlated by the old established firms,



Cut dovn the wide disparity in production totals that still exists
between the 2 states selected for the comparison table., If the
1936 output of the Montana mine had reached 80,000 tons, in lieu
f the 40,000 ton figure recorded, 1ts overhead expenses would

have been cut in two. That modest increase would have permitted
an ore appraisal ground the Neighborhood of {1.89 per ton, F.0.B.
at the mine. However, the £2.11 waluation still stands ss the
officially repofted record for low-cost rock production for either
the eastern or western branches of the fmerican phosphate industry,

An unbiased interpretation of cost trends revealed in
foregoing tabulation indicates the arrival of {2.00 rock within
the Western division of the phosphate industry at no unduly dis-
tant date in the future. Ability to mine Western rock at half the
national cost is not surprising. It 1is nerely a matter of arith-
netic. 1In ¥yoming, the phosphate beds are tvfce the thickness of
their narrow analogues in Tennessee, But mining achieveménta of
the character hereinbefore tebulated are never cited in the ana-
chroniams utilized by geographical obstructionists for proving the
reroteness of Wyoming phosphate deposits from all possible markets,

Apparently, Dr. H. A. Curtis, Chief Chenical Engineor of
the TVA has already devoted much thought towards the solution of
transportation problems that have too long paralyzed the develop-
ment of remotely located phosphate fields. His line of attack
is based on tochnological advancement. 'itness two of his findings
that appeared in the April, 1938 number of Chemical end Hetallurgi-
cal Engineering:

"Where freight may be prohibitively high

on & phosphatie material carrving 167 or even

£5% P2 Og (phosphorous pentoxlde) equivalent,

it nay s%ill be feasible to ship elemental )

phosphorous having a F, Og equivalent of 22ﬁﬁ——*”‘“““‘ﬂp"_‘“““~a

“The Monsato Chezicel Co. 1s at presentc

shipping elemental phesphorous in tenb car

lots from Tennessee to its plant in Anniston,

Ale, and it would appesr that shipment of

elemental phosphorous will eventually be a

Tactor in utilization of the great westorn

deposits of rock phosphate,"

Cormercialization of procedures of the category indicated

e 91 -



The reduction vould be suflficient to perriit the output of g Wyc-
ming phesphate factory %o invade the markets of not one, byt

|
each ong, o? the «s states on an almost even competitive basis,

Sonevhsrg élse, Dr. Curtis made the Statement in effect - "there

gpeliminggg.ggtimate on Frocessing Costg

—

About 7 years 880, present President of the American
Potash Institute and 1938 Gold Medaligt of the Acadenie !
Agriculture de France made the announcement that & high powep
potash phosphate, bearing an efficiency rating or 83y, could be
manufacéured at a certain sife in Wyoming for the sum of $25,00
perutpn. His appraisementsg Were greeted 4n the techniegal ﬁfess
pretty rmch 41n the 1light or & pipe-dream, Boldest eXperimentation
conducted to date by the TVA woulg iIndicate that evem {40 phosphate
pentoxide is vet unavailable on the market, '

conducting a series of blast furnace 1nvestigations with the view
of cutting down the farmersg! bill for fertilizers, $60,000,000
annﬁally. Luring the campalign, tests Were made on raw naterialg

from Wyoming and élsewhere,

Wyoning, Inbluded in the estinates wopg phosphate rock at 2,00
per ton, F,0,B. at the mine, However, gt that eariy period no
rhosphate roelc Or other materig} &ppearing on the flow-sheet was
avallable in the district at the extremely low ébsts recorded,
Loeal Ooptimists were Soon left out o- 2 limb, so to Speek, when
-they took their turn to defeng the econcrmic nerits of g plan then
being attackeg in widely Separated quarters,

Some of the more Tar-seeing 0x-defendents ne longer
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regard tho pronouncement of the Bureau of Chemistry as being 1007
prema ture, &2.00'phosphate rock already strongly 1lluminates the
horizon of the Yestern phosphate field, In 8 prior citation that
type of ore Supply was disclosed ag comprising 37,24 of the basie
cost of operation at the blg TVA works dovm on the Tennessee river.
Tﬁe remainder percentage of the Plan does not appear
altogsether unsolvable, at least to some folks, Their operations

in pure algebra, however, sti11 contain too many variabilities for

quarriéd within thelr respective Comrmunities, 1In fact, one local
type of ore supply has not Yet been mined anywhere on an extended
scale, ﬁoraover, costsof other basic Ingredients or the furnace
charge haVe.not been lowered apprecliably singce the Burean announce-

ment of 7 years 880« During the 1ntePVening time, outputs of those

convicfj.cm will likely remain wmdisturbed until Same agency goes fo the bottom
of a vast mineral store-house, In it ars shelved the primary chemicals, al]

A11 will agree that no man will perform by himsels ell of the
variegated lebors briefly sketched in the preceding lineg, lierely to correlate
the mdustx_-ial potentials of certain groups of the foregoing minerals would
sevéraly tex the facilities of the bigrest technological stare extant for years
to coms, fﬁ'{_?,;/?

Wyoning is different than Tennessee. A wigde deviation likewise
seperates 14 from all sister states that ccmpose the Intar-ivfc;mtsain Phosphate
Province. In time the Wyoming type of research my completely amndipata America
from European domination in the potash field, Of a1l states 1t promises the

& ocmpletely eclf-contained éconouie unit, (83)



One quarter of Wyoning closely resembleg & huge dynamical and
chemical laboratory. It ig of sufficient dimension for housing any size

technological organization yet assembled,

CHAPTER VII
_——_ﬁ—-ﬁ—__“

Potential Valuation - Geography lore Important
Message of The President
No thesis need be filed on the geology of the Western Phosphate
fields,

As stated before, these areas have long been known %o contain the

Hueh literature is elready available on the geology of these Western
Phosphate fields. In the preparation of the first section of this report, upwards
to one ton of reference books were examined. Space precludes the listing of

their titled.
POTENTIAL VALUATION

4s stated before, the U. S. Geological Survey has already meﬁsured
over 6 billion tons of phosphate rock in the Western Phosphate field,

Above the ground a ton of phosphate rock is worth éonsiderably nore
than a barrel of oil. A little caleulation discloses a higher potential vﬁlue for
the loeal phosphate rocl than the appraisal now standing on a1l Suspected oil
reserves of the nation. The la‘ter wealth is recorded by widely varying billions
of dollers from year +o year. The phosphate valuation is far more stabilized.

In some less favored areas of the nation a tributary industr£a1
potential of the preceding magnitude would be looked upon with g high degree of
favor. The day is not far distant when the real owner of these vast equities will
be asked to stage a sizeble program of development,

GEOGRAPHY IORE D{PORTANT

It is not necessary to builg up & defense for the geology of the
Western Phosphate fields. The intrinsic merits of these deposits have already
been attacked by many types of detractors. So far no commentator has assailed
the geology of the Viestern deposits., After adnitting the exceptionally high
quality of these rocks a previously cited propagandist popped at their geography
as follows:- )

"Uafortunately, Providence placed these Western Phosphates in

the Imter-YMowntain country"

Fortunately, it would eappoar, that the U, §, Geological Survey

placed one-half of these phosphate bearing Bcreages in the less remote areas of Wyoming,

(34)
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CHAPTER IX

THE SITE AT GREEN RIVER, WYOMING

rior Investigations - lap - Publicity Sheet -

Ratural Fesources \7ithin Corporate Limits -

Water Supply - Silica Gravel - Sodium Carbonate -

Netural Gss - Sulphuric .Acid

Several towvms in Yyoming are now secking the site of a

phosphate reduction works. 1In fact, one newspaper has already an-
nounced that a Federal plant would loecate in its city. That all of
these towns possess certain loecal advantages is not denied, Howsver,
only cne town has so far concluded investigations of sufficient au-
thoritative scope to indicate that phosphates could be processed at
that point st the lowest possible cost in the nation. That town 1s

Green River, Wyoning,

Irior Investigations

In the past 10-year period both private and publiec research
agencies have been continuously conducting exhaﬁstive investigétions
on the mineral fertiliszer réesources of the Oreen River locality. The
cost of these investigations have totalled more than $200,000 to date,
The findings of these investigations have besn published in Government
bullctins as well as in leading chemicsal Jjournals. These publications
rrovide the answers to a thousand or more cquestions yet unanswered for
other locslities in Wyoming ang elsewhere. No public or private agen-
¢y can longer afford to ignors these widely heralded findings of record
if 1t is seexing = location for a phosphate works at &ny point within
the Inter-iiountain states,

This office is headguarters for all industriael veports pub-
lished éo date on the chemical fertiligzer resources of the Green River
district. Photostatie copies of at least seven of the more important
reports published on the loeal communlity will accompany the eriginal

copy cf this report,

Hap - Publicity Sheet

A map of Green River appears as the following page. The
"Qouble-page insert Tfollowing it i3 a publicity sheet recently put
out by the Cormmanity Club of that city, & glance at these exhibits

.
o+
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strongly suggests that no town of 3,000 people in the West is more

"Progressive - Aggressive - Possessive" than Green River, Wyoming.

Ratural Resources Within Corporate Limits

The original inserts were not prepasred with the view of
attracting any specific industry to Green River. The vicinity is =&
treasure house of the minerals and collateral resources that enter
into the menufacture of fertilizer chemicals, At this point some of
the natural rescurces that are located inside of the city limits will
be considered.

After studying the map i1t was concluded that the location
bést asdapted for operation of an electro-thermal phosphate works 4s
the luerge river bench flat that is traversed by the southeastern bound-
ary lines of the city. Only the industrial potentisls of that par-
ticular section will be surveyed. To list the specific resources of

entire city area would cause unnecessary confusion.

Water Supply

An Inspection of the map discloses that the selected site is

nearly surrounded by waterways and numerous railvay spurse.

On tho southern edge the area is berdered by Green River, .

"~ the stream from which the city takes its name. The airplane view of

city on the publiclty sheet shows this wagnificent pérpetually glacier-

fed stream in the foreground. The tree-covered scenery is City Islamd

Park of approximately ths altitude and contour of the larger flat sug-

- gested for a chemical site. The Narrowest point of the stresn channel

Insids of corporate limits 1= the section spanned by the railroed
bridge. At that lqeation the turbulent river course 1is 875 feet wide,

The cited photo provides & view of the finest and most con-

slstent water supply availlable in “yoning. The flow 4s Inexhaustible,

Ho use looking for better quality and volume, There isn't any in the

four western states that compose the Inter—hountain phosphate province,

t Wilson Dam water Supply only amounts to O, gs
of the TVa finlshed produet.,

of the cost
Ro reason why this cost should be higher
in the western field any day of the year if proposed plant is located

on the correct river frontage.



A new proceasing plant location might demand two types of
water supplye. The arca suggested at Green River 1s quito capable of

supplying two different varieties on the spot,

Silica Gravel

&t Wilson Dam siliea gravel is more expensive than the water
supply factor. There it takes out 12 cents from the phosphate dollar,

To provide this commodity at rock-bottom cost a'newkworka

e

shoﬁid have an 0ld establ4{shed 8illca gravel operation within a stone
throw of the furnace.hopper. Such . wgrks now occupies a section of
the river frontage on the selected industrisl site,

Operation of the Green River Gravel Company's pits has long
been one of the major industries of tne city. These plants are
oquipped with latest erushing, screening and loading machinery all
electrically operated, Such works are quite capable of turning out
8ilica gravel fluxing requirements of any specified dimension at short
notice. These works are the largest of their kind in the west, Nar-
kets for their superior preducts widen coniinually.

Some engineers frequently assume that commodities as lowly
&3 sllica gravel arc available in every corumunity. Such gencral ob-
servatlons may apply in soms 1ocalities, but it naey pay to investigéte
loczl resources of towns nov seeking the site for s vhosphate plant,
Some locations might be compelled to purchase their gravel sunply EQR,
CGreen River. 4t any rate sizable volumes of current output are now
being exported to rolnts in other states of the western phosphate

fields ®

Scedium Carbonate

The "possessive" city of Green River is located in a region
of variegated chemical deposits, About 30 years 8go over 1,000 tons
of a veryu?ure variety of sodiun czrbonate were crystallized on ths
sugcested industrial site, This Spot 1s underlain at shallew depths
by brine bearing waters containing 9.29% of sodiunm carbonate, 2,21%
of salt and but 1little othsr solubles, The producing strata 14e from
75 to 190 feet below the surface. A geologist of the Union Pacific |
railway reports a vast Supply of brine available at this point. Most

of 1t w11l likely be consumsj in the extraction of potash from vyo-



mingite by the patented FPike process.

Extensive deposits, of sodium carbonate are seldon reported
this side of Africa, At Green River a natural dcposit is generally
regaerded as 2 fundamental affilliste for the organization of & modern-
f1ged, fully gelf-sustaining, chemical industry. In point of value
sodiux carbonate is still the second most important manufactured
chemical, To make the natural commodity availeble on the spot the
next phcsphate reduction works should be built directly over an €3-
tablished soda wells

At Wilsom Dam o nsiderable volumes of sodium carbonate appear
to be consumed in the conversion of refractory "eunk" to the soluble
forme At the specific Green River site the cost of this valuable flux-
ing agent could well nigh be ignorsd. And why build an additional
processing plant at any point unless cheaper phosphates can be assured

to the customers beforehand?l

Hatural Gas

The gasline mains from the Baxter Basin fields to Salt Lake
City pass the selected industriel site. Baxter Basin lies 15 miles
east of CGreen RiveT. Tt is the largest and cheapest gas producing re-
gervoir so far discovered within the entife Rocky Mountain petrolifer-
ous province. It 41s probable that the local gas supply wlll prove
more useful for the menufacture of potassic and nitrogenous compounds
at the Green River site. Nevertheless, this high power fuel possesses
sore attractions for the reduction of ordinary phosphate rocke 1In
calorific value the 1ocal fuel is worth twice as rmich as the best manu-
fectured gases generally sold in the larger cities.

For heating and recucling agents the local county can also
supply both solid and liquid fuels. But for instant heat generation
no agent is more efficient or convenient than natursl gas. & ton of
the locel material rates approximetely 50,000,000 betoues against
26,000,000 for local coals and ordinary cokes. It is unfortunate
that double-power fuels and high-grade phosphate rcecks do not more fre-
quently appear together at prospective hydro-sites. Seemingly, such

assemblages may only be encountered in the Uycnming wilderness., As &

- 4] -
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result, no technologieal literature is yet available for citation

as to the coat of final products of mamufacture. Appﬂrhntii; room
also "remains for enormous technical improvement in the manufacture
of phosphate plant food” at the Oreen River site, previously desig-

nated,
Again the question of fuel transportation ought to be con-

sidered by all towns applying for a loecation of a new-style electro-
thanal reduction plant. So far no genius has devised a method to
ship the thermal emergy contained in a ton of coal as cheap as its

equivalency 1s conveyed in high pressure pipelines in the form of
natural gas for any given distances selected, Recently, a company
geologist made some thermal caleulations. At 13} cents per 1,000
cubiec feet the local gas was equal to coal at §1.70 per ton in Salt
Lake City. Better comparables should be available for Green River,
- for the suggested industrial site is 14 times closer to the produc-
ing fields than the pipeline terminal in Salt Lake City.

i By this time gas is axportod from Wyoming to at least two
other states in the western phosphate province, PField pricqs do not
prevail in those terminal territories. '

Sulphurie Aeid
Gas from the local fields contains an exceptionally high con-

tent of hydrogen sulphide. Its removal provides a source for sulphuric
acld, but not of adequate volumes for the operation of old-style pro-
eosging plants,.
' Some patentees elaim that sulphur dioxide exercises a bene-
ficial influence on the local phoasphate rock at elevated temperatures.
For direct burning in the furnacd, special pipeline construction from
the flelds to the Green River site would doubtlessly be required.
Other sources for big-seale production of sulphuric acid are
available In the community. Their intrinsic merits remain to be dise-
closed by future investigatlion and experimentation. At this time the
eopper smelters near Salt Lake City are quite able to provide for all
H2804 requirements of the reglon,



CEAPTEE X

TRANSPORTATION

Rallways - Alrways - Rock Springs -
Hoin Street of Ameriea
Rallvweys

Tne City of Green River is one of the big railway centers
in the entire West, In the course of a single year over one-half
million cars are cleared from that point. As indicated on the pro-
ceding map, the reilrcad yards of the city occupy scme 40 miles of
. tracks.

As noted on the publicity circular, Green River is one of
the main division points on the Union Pacific Rallway system. It is
also the terminus of the Oregon Short Linec, The motto of the Union
Pacific is --"Serves All The West." At short distances west of Green
. River, branch lines lead off from the tracks of the first and largest
of the Transcontinental systems to sll major cities on the Pacific
slope from Los Angeles to Seattle. All of this traffic must daily
pour through the funnel at Oreen River, the last westward city served
by 811 trains of the Unlon Pacific.

A map of the Unilon Pacific 1s inserted in the following
chaptere. 4 glance will disclose the manner in which the rain tracks
of the system branch ocut like the leaves of a fan near the Green River
focal point in order to cover sll seaports on the Pacific Coast. In
turn, multitudinous secondary lines lead off from tﬁe main feeder sys-
tens.

Serving all of the West, the Union Pacifie ought to be the
only road that reachss all phosrhate areas of the four Inter-licuntain
states, Aside frow scme minor acreages tle t lie north of the Butte,
Montana, terminal, th; slogan of the Union Pacific substantially ap-
plies to &ll remaining phosphate areas, For all practicel purposes
the kontana deposits may be dismissed from the present picture. Twenty-
five miles beyond Rutte i1s the k rge acid plant of the snaconda Copper
subsidiery., Fhosphate roek from that locality also supplies an even

larger old-style plunt situated in British Columbia. At this time no



nly point
that has g through &nd direct line to 11 Phosphate deposits of the
Inter-hountain brovince asige from the minor s
Butte, "

Green Rivep at 1:58 tne next afternoon
Until quite recently, botp Green River gng New York were sbout eéqually
remote fron Chicago insofar ag 1ntervening hours cf travel were econ
Cerned

In othep
s stream-liners stop

th ocu t-modeg and



Serviee, 1n recent years velocities of the freight trains on the nmain
line have inereased hearer 200y, Frelght traing of 2 hundreg cars now
travel over the Green River distriet 119 miles before making the Tirst
stop, Only one roag in the UeSe4, maintains g faster freight service,
The secong place position of the Union Pacifie 3 not due to 1ack of

odern rolling stock, The route or the faster road is orer the prai.’
ries in cbntraat to the Rocky Hountsin terrain traverseg by the first

and still largest Trans-continental systen, Unfortunately, this gpeeq

Service ig only in effset from Green River to points eastward, op

So far through, non-change Plane service from either Rew Vork

or Chicago terminals has been available gt only two reints in the Inter.
Hountain phosphate ares, They are Green Rivep and Salt Iake City.
Such trayei 45 only a matter of hours., Planes reach othsr pointg in ‘
these A stricts, but the servige 1= of the branch-1:ne order, g such,
the lay-overs in the local teraingig are likely to Consume more'fiﬁq ’
than ths hours requireg t& leave Hew York,

Of course, far more planes stop at 3a1t Lake City then at

metrepolitan cities,

Rock Springs
A %word here aboyt Rock Springs, Its population 4g 9,000
plﬁs. In territory contiguous thereto, £,000 8dditicnay People reside,
Rock Springs 1s ope of the largest coal mining Cormunities of the Na-
tion. No point west or the Hiasiasiﬁpi River Surpasses ftg annual pro-
cduction, The western Phosphs tg states already Supply a slzable mnrke§

for this fuel output, Rock Springs 15 also locatoeqd on the bigrest
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notural gas field in the Rocky Mountalin area. It is the general out-
fitting point for several otﬁar oil and ges fields., In time, Rock
Springs will occupy &a prominent slte on the Green River map.- In
view of the collateral resources mentioned, those two nearby towns

should already be visualized in the light of 2 single industrial unit.

¥ain Street of America

From the days of the ?ony Lxpress to the arrival of the air-
ways every form of traffic selected the Groen River route for their
first Trans-Continental lines. All of the ploneer Coast-to-Coast high-
wayi telegraph and telephone systems, likewlise, traverse $h£§ugh—the |
lsading streets of the cilty. Services over these central arterial
lines grsaily surpass the fscilities provided by supplementary routes
more recently established.

The Lincoln Highway that goos through the citr is widely
known as the Nain Street of America. Ko subsequent coast-to-coast
road handles so heavy & load of automobile traffic. Apparently, the
maximum density factor 1s rstained at points as far west as Green River.
4 secore or more buses éailly pass through the city. Those westward
bound are placarded Los Angeles, Seattle and to intervening cities on
the Pacific Cemst.

411 will sgree that lack of quality or shortage of tonnages
are not the basic factors that have long delaved development of the
western thosphate lands. Bis economists would keep thesc huge deposits
1n their nresent state of dormancy until better trensportation services
ere provided for the primitive hinterland in which they are located.
gueh forms of dlsparagement greatly aglitate the dander of local resi-
dents. Fizht now members of the Green River Commmunity Club rate their
locul trevel facilities as vory much metropolitan in scope. In fact,
tre membership openly challenges any city within the Inter-}iountain
phosphate province to duplicate the grade, modernity and completoness
of the transportation service alrsady establishsi at Green River,Wyoming.

In the éoncluiing section of this report existing transpor-

. tation evelopszent at Green River City will béhgxpanded 10C%.
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CHAPTER XI

MARKETS

Local Markets -~ Suger Best Industry - How
Fhosphates Came To We atland, ¥yoming -
-Beet Production By States - Sugar Refinery Hap -

1tself for the location of a mew-style phosphate plant. To 1nsupe

be allowed for transportation of 2ll materials that make up the fur-
nace charges. It is also important for the Tinished produets of the
plant to enter into extensive rrriteting areas st half the Treight costs
in effect from nearest competitivye points, For Teaching into eithep
lodal or national marketing outlets, no location within the entire
Inter-iountain phosphate province possesses the Coverage potentials of

the éite at CGreen River, Wyoming,

Local Markets

The Sugar Beet Industry

The Rocky Mountein ares surpasses the balange of the Nation

in only one form of high grade agricul tural activity, 71t 1 the reising

year period in all four of the Inter-lountain phosphate afatea as well
&8s In the three states that form the eastern boundary of e province
aforesaid. Its maximm degreec of development 4g near the geographic

stacks in a beet field at Vheatlang, wFoming, Some 12 years g0,



In subsequent careful fielgd trials,
the ylelds of beets was inereased frop 12
tons to 16 tons or $28 per &cre, when beetg
bring 7 per ton. The Superphosphate cost
w3 per acre,

The concluding paragraph of insert tells how beet yields
were increased 257 in the ‘Wheatland district artep 85% of the entire
area (7246 acres) was phosphated in ensuing years, Apparently, the
@pplication of phosphates 4g already a profitable Venture on some of
the newer soils in the Rocky Mountain BTea,

The Great Western is the largest refining Coupany in thig
rea, 8ince 1ts Organization, about 1905, 1t hag paid out one-half
billion dollars to grovers for their beets, Since 1its prhosphate pro-

gran was started 1in 1930 or before, it hag lade thonsands of free tests

Nebraska, tywo non-proaucing Phosphate states that bound Wyoming on the

State Froduction Tables
T————=1¢tlon Tebles

From year 4o year the vy, g, Departuent of Agriculture publisheg

the statistics for sugar beet Production in the UeSehe 1n the following

pear in ranking order for ths year of 1936,

Roelkv Hountain District
_‘-—_“%
State

Agreg
Harvested Proguction

_ g ‘ons
Colorado 171,060 5,234,000
Eebraska €8,000 782,000
Hontang 60,000 54,000

6

Idaho 52,000

fopine K 35500

#oouth Dakota 12,000 145,000
433 ,"o"o‘o““"““‘"B‘,?-“o‘o‘f‘oo‘c““‘

Totals
#Flgures eatinated gg Dept, or Agricul ture doﬁa

not Beégregate Productions for stategs having
cnly one refinery,

The foregoing totalg account for more than 597 of tne na-



A

deposits, 71r Wyoning ang South Dakota are included in foregoing totel,

207 of the entire HOcky'Hountain beet Province, Incidentally, yoming'g

If location or Proposed phosphate plant ceuld be decideg by beet-cul tupe
showings, the individuay nerits of each ene of thege States woulg Seem

to be about ¢qual. Shoyld g 8ite be chosen at Green River, Wyoming,

&ll of Utahts 8creage and aboyt 85% of Idaho's beet lands woulg enjoy
lower freight rates than the charges ngy in effect from the Montans source

of supply foy Processed Phas phateg,

dustry, g nap is inserteg on the fbllowing page.that shows the locations

of alil refineries Operating therein 4p 1935, The 8p also shows the

énd Trail, Eritish Columbia, mpe original ¥heatlang testing district,

&n arga or Unmnmistakeabie rhosphate deficiency also 8Dpe&rs on thig

The City of Green Piver Occupies g central Po=ition on this

Wnda, The Temaining sp &ppear eonsiderably nearer to tle Green River
central fogal point,
The accuracy of thg map is not guaranteeq, It seens the t 13

rallroag Iups use gome degree of distortion. Nevertheleas, 4 reilroaq
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map must be submitted. If a Government processing plant locates in the
west, 1t will likely be bullt on the Union Pacific. The road that
serves all of the West of fers the only logical locations fa a site in
Wyoming. In Idaho and Utah about 100% of 2ll the phosphate rock as well
as all established sugar refineries seem to be located on that system.
For showing avallable transportation service, a railroad map had to be
selected.

In the main, the submitted map merely substantiates conclu-
sions already filed under the proéuction téble for the several ranking
states of the Rocky Mountain area, |

Using one crop as a state agricultural index is also open to
criticism. Out here sugar beets seem to excel in the éonsumption of con-
tained minerals from the soil. The preceding production table indicates
an average production of over 12 tons to the acre (worthi84 per écre)
for the seven producing states. Few national cr0p5 yield that volume
of revenue in any state. In agricultural endeavors these western
states seem to surpass the balance of the Nation in the production of
sugar beets.alone. Until a few years ago the Rocky Mountain district
produced 72% of the Nation's sugar beet supply. Its output last year
was less than 60%. It may not be too late for chemistry to salvage
the prestige formerly held by this reglon in the national sugar beet
industry.

A prospective manufacturer of processed phosphates has other
things to conslder. Thus far only the beet industry has conducted an
organized campaign for the use of phosphates in this area. Such plo-

neer missionary labors sare entitled to first consideration.

The 532 liles

The single phosphate processing plant thus far operating in
the western field is located at Anaconda, Montana, That point lies
near the extreme northwestern tip of the Inter-l'ountain phosphate fields.
At the other end of the axis is Green River, Wyoming. Geographical
reasoning would strongly favor a second plant at the point of maximum
distance.

The railway distange between these two points is 532 miles.
The first 507 miles 1s over the Union Pacific route. That separation

1s appreciable even in a country as broad as the United States. TFor
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answering the geographical crlticiﬁm repeatedly cited in earlier
pages, no site could possibly surpass Green River for the locationdf
& new-method reduction works.,

From Green River, 532 miles will touch & point in Knhsas,
often called the Breadbasket of the Nation. To reach the Mississippl

"River via railwaylall the waylonly 632 miles of additional travel would

be required. The latter point lies well within the marketing territory
of the Tennessee plants, at least until phosphate foeka are reduced at
record-breaking low costs in Wyoming.

In addition to the local market feature, cheap rock and low-
cost acid were the two baslc factors in deciding the locations for new
phosphate works as late as 10 years ago. No aeid 1s used in the latest
processes of the TVA. The factor of market outlets is still of pri-
mary importance. Before one of these new method plants is built in the
Rocky Mountain field, by either public or private interests, a thoro-
going study should be concluded of all sites able to ship finished
products into logieal marketing outlets at half the transportation

" charges now in effect from nearest competitive points, At this pre-

liminary date the maximum area of both local and national marke ting
territory appears to lle tributary to a prospective site located in

Wyoming.

CHAPTER XII

LOCAL HYDROELECTRIC RESOURCES

Seminoe Dam - Qutput Sold Before Completion ~
Supplemental Report

Wyoming has only one ma jor hydro-electric projeect. It is
the Seminoe Dam that is located on the North Platte River, 40 miles
northeast of Rawlins. This project will be completed by the U. 8.
Reclamation Ser¥ice this coming December at a cost of $10,000,000.
Its capacity is rated at 45,000 horse power. To reach Oreen River,
a power extension 120 miles in length would have to be constructed

from Rawlins.

Qutput Scld Before Completion

A recent article in & popular magazine stated that the com-
- B8 -



pPletion of tne Seninoe Dam woulg géncrate a powep Surplus of 134¢
above the exlsting demands of prospective marketing outlets, Acting
on this 1nformation, a call was made &t the Denver offices of the Re-
clamation Service on June 13, 1938, with the view orf ascertaining the
feasibility or transmitting all surpluys capacity of the project to
CGreen River, Wyoning. sn attractive price for this eénergy was anti.
cipateqd, However, the Chiefr Hydraulic Engineer of the Service advised
that all of the Tirm power was already s0ld, and all that remaineg for
Green River was 30,000 kilowatt-~hewrs or dump power available four
months of the year at two mililg per kilowatt hour, 4 power supply of
that brier duration would not justiry thelconstruction of g costly
phosphate plant at any point in the United States,

In a report rublished gix Jears ago, the writer Suggested
that a Teéasonable share of the firm pPower output of the then Proposed
dam be utilized for the "electro-therma] treatment” of tne high-grade
phosphate rocks occuring in the Green River locality, Apparently, no
one has since requested the Reclamation Service to construct requisite
powerline facilities in the direction of the phosphate deposits, g
@ result, contracts aps now let to convey the firm power output of the

Serinoe Dem to distant municipalities in Colorado and Nebraska, It

understandg that the Green Rivep coﬁntry's Superb Teésources in 'aw chem-
icals, a]13 fuel types, transportation facilities énd widening narke t
Prospects woulg éssure a rich industrig) future for that region,

Plenty of crroneous Frésunptions were made., To stimulate dqvelop&ent,



nearly all egrecd thzt it would be necessary to back up the unique

local combination with plenty of power of tke most high;y perfected

form yet known to industry. This type of power will be produced at =

nearby site within next twelve months. Instead of going to Green River,
t will bec routed in an opposite direction to distant points outside

the state. Apparently, no civic or sclentific bureau of the state has

yet filed a protest against the eXpertation of a cormedity so vital

for the development of the adjuacent Green River area,

For years past local statesmen have vainly endeavored to re-
galn water titles deeded in fee simple to other states 30 or nore
years ago. in fecent rmonths 1t might have been more profitable to sal-
vage yet unconveyed hydro-resources for big-séale Industrial develop-~
ment solely within Wyoming. In this age of sir conditioning and other
_neuly developed marketing outlets of magnltude, the demand for power
increases at a far mors rapid rate than expansion within the irriga-
tion industry. 1In years to come, former water titles of Wyoning may
possess two values. Such documents will likely legalize both reclama-

tion and power expansion at points outside the state.

Supplemental Report

The hydroelectric resources of Wyoning are extremely 1imited
in magnitude. The site at Seminoe Dam represents the first and last
of its major water power projects, If the unique combination of chem-
ical and mineral resources of the Green River community are to be re—
duced, it will be essential to inport the requisite energy from an
outside point. Some states are not unduly liberal when requested to
divide their hydro potentials among less fortunsats neighbors. Never-
theless, a diversity of precedents could be pointed out on the néver
failling resdiness of Wyoulng to share o princely heritage of natural
resources with her sister states, =

The selection o a bower supply for a great electrochemical
enterprise is not casually arranged or quickly achieved. The construe-
tion of an extension line 120 miles long would have been s far less
formidable task. Such far less costly constrﬁction would have permit-
ted the operation of an all-Wyoming process at the Green River site at

an early date, Building a hydro project in another state brings in new
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obligationsf Obviously, citizens of sald state would lose 1ittle
time in seeing that the power output would be chiefly utilized 4n
processing the ore, chemical and fluxing supplies occuring within
.their own bailiwicks,

Actual sale ang exportation of entire firm-powver output
of a Wyoming hydro project a year before date of completion causes
many grave miséalculations to enter into the industrial pleture at
Green River. This unprecedented situation demands the preparation
of a éupplementary Teport. The reviseqd locations and estimates will

have to appear as Part II of present report.
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the hard basal part of the Paryk City forma-
tion, which lies beneath these sof't layers
and would not be easily eroded, !

Plans of development. - A gravity-type concrete dan is
proposed, Its crest length 13 875 feet, at 6,065 feet
above sea level. An overflow-type Spllliway 1s providea
at 6,045 feot., (See pl. 33.) The reservoir formed above
the dam wilz extend up the river for a distance of about
60 miles, and the cepacity of the top 50 feet isg shown

! Con- : 3 ! Con- ¢ s

¢ tour : - ¥ Total ¢ tour ¢ * Total

* (feot: Area capacity : (feet: pres capacity
tabove : (acres)=(acre—feet)=above H (acres)=(acre-feet)
: Seg ¢ : H Seg 2

‘level): : tlevel): S

2 2 : 3 : :

26,010 : 25,500 s - - _ _ _ 16,040 : 31,800 854,500;
26,020 : 27,300 : 264,000 26,050 : 34,200 : 1,185.000
:6,030 ¢ 29,500 548,000 :6,060 : 37,200 ¢ 1,542,500

6,075 feet and be about 1,460 feet long. The details of
the dam, power house, and dike are shown on plates z2 and
33. The water is to be passed through intskes in the dam
1tself to the turbines in the power house on the lower side
of the dam. fThe static head on the plant averages 196 feet
and ranges from a maximum of 221 feet to a minimmm of 1731
feet.

Water supply. - From the strear-flow records of the Green
River at Green River, Wyo.; at Bridgeport, sbout 44 miles
below the power site; and at the power site itself faor
1924-25, an estimateq regulated flow of 2,620 second-feet
is available at thisg site under present conditions, It is

20 per cent by all future irrigation in the basin above,
plus the losses that will resuit from evaporation from the
proposed reservoir,

Power capacity. - With sz Stream flow of 2,620 second-
feet and an average static head of 196 feet the power capa-
city of the site in roundnumbers is 41,000 horsepower, or
30,750 kilowatts, However, the Proposed plan of develop-
ment as shown on plate 33 contemplates the installation of
three 21,000 horsepower turbines, esach direct connscted to
a 15,000 kilowatt generator, and tk plant is designed for

private ownership. Part of the county highway between
Linwood, Utah, ang Green River, 7y0., would need to be re-
located, and a ney bridge would be required at the cross-
ing over Blacks Fork.,

Accessibility. - The project 1is easily accessible from
Green River, Wyo., over a good earth roaq, The distance 1g
about 65 miles.

Ldaptability of plan, - The proposed plan of development
at this site will completely regulate the flow of the river
at the dam. It is at the "top of the h1l11," and the regula~
tion 1is thus avallable at a1} the power siteg on the river
except the few in the upper basin, Tt fitg admirably into
a2 complete and comprehensive plan of developrent of the
stream, It is not &n attractive power project if considered
by itself, as the estimated cost of its development 1g
approximately ;12,000,000, or about £300 per firm horse-
power. TIts value to other developments below, however,
mekes it a site of considerable economie importance, "
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More than Federal agencies have thus far disclosen interest
in the hydro-economics of the rcmarkable site, previously clted. Men-
tion was mede of the power permit that the Federal Power Cormlssion
jssued to the Utah Power and Light Co. for the development of this
attractive site some 15 years ago. The foregoing concern operates
public utility franchises in Green River &s well es in 40 other cities
of Wyoming, Utah, 1daho and Colorado. It 1s a subsidiary of the
Eiectric fower and Light Corporation which in turn is controlled by

the Electric Bond and Share Company.

Detailed Plans

For 30 years or more the preceding interests have been con-
ducting surveys of a dozen or more prospective powersites that are all
located on Green River. These jnvestigations have been confined to the
387-mile long stretch of wild cahyon scenery that intervenes the two
railway bridges thus faf constructed across.Green River at Green River,
Wyoming, and at Green River, Utah. Apparently, most.of the work was
done in cooperation with the USGS on a 50/50 cost basis. So far de-
tailed plans have been published for only the Flaming Gorge dam, the
key structure for 211 future hydro development on the Green River.
gome of these plans appear &s the next two pages of this report.

The Geologlcal Survey and the utility company also made joint
studles of the market situatlon. They believe that the Salt Lake City
and Denver metropolitan areas will have 1ittle difficulty in absorbing
the entire capacity of the power plant. These long-distance transmis-
aion narkets are of appreciable magnitudes, but a1l pest investigators
completely ignored the unprecedented electrochemical possibilities of
the damsite area, itself. Had a detailed engineered survey been made Of
that exact spot, it 1s almost certain that a sizeable industrial enter-
prise would be thriving at that point even b~ thils time, Apparently,the
chemical deposits underlylng the dam foundatio;s, alone, greatly exceed
the raw chemical resources of entire states in which much costly hydro-

construction has been under way in the meanwhile.

Conpilation Summary of Green Rivdr Hydrosites
Profile of Hydro-Section on Ereen River

More powerful hydro-projects could be built along Green River

at a lower cost than the investment required to finance the key project
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at Flaming Gorge. Tne USGS publication also describes the six out-
standing sites that lie below Flaming Gorge. These Important descrip-

tions are too long for quotation, The best that can be done 1is to
each project. This Sunmary as well as the River Profile of the Survey
Occupy the adjoining two pages of this report.

The Key Site at Flaming Gorge -
Subsidiary Power Projects

Repeatedly in the USGS publication the Flaming Gorge 1is
graphically referred to as the "basic" or "key" or "Top-0f-The-Hi11"
site for what 1is locally considered the finest ang cheapest system of
1nterlocking hydrosites yet undeveloped in the U.S.A. A glance at the
profile insert suffices to esteblish 1ts sumnit position for regulation
of the flow over the entire lower-down section of the stream. 1In time,

water released from the Flaming Gorge reservoir with a degree of con-

oceupy the low-gradient plains type of topegraphy, TPhe sites down the
hill are =11 located in narrow vertical canyon sections of the wild

and turbulent stream. One of these Iore scenic sites is Superimposed
on the profile. Back of all thess auxiliary dam locations are stream
gradients of a steeply pitehing order. Such topocgraphy produces resep-
voir surfaces of an average width around 200 yards., Literally speaking,

the contents of such collection basins only amount to a few bucketsful

Gorge site. A 5C-foot downdraw from the Top-of-Hill rool would operate
the complete series of subsidiary dams at their maximum head levels
everj day of the year, _ ' '
The compllefion discloses that three of the broposed powersites
lie within 52 miles of Green River, Wyoming. Regardless of this prox-
1mity to the Main Street of the Nation, the lower down reaches of the
Green traverse some of the wildest and most unexplored scenery yet re-
maining in the Nation., Aside from the two expeditions of the USGS, the
Government publication shows that only six parties Successfully navi-
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COMPILATION SUMMARY OF HYDRO SITES ON GREEN RIVIR
From Green River, Wyoming to Green River, Utah

Top-of-Hill Key Regulation Project of Hydro System

Location Dam Regulated Horse Reservoir Cost Accessibility
Miles Below Height Flow Power Capacity
Name State Green River, Wyo{ Feet Second-feet Acre-feet
FLAMING GORGE Wyoming Adrvay Waterways ' .
Utah 4] 71 226 2,620 41,0004 1,542,500 | $12,000,000 On road to Green
e rerr—— e ————— i River, Uyo.
;;HHH
Dovn-Hill Auxiliary Sites Dependent on Operation of Key Project Above
) Location Dam Regulated Horse Reservoir Cost Accesibility
Miles Below Helight Flow Power Capacity
Name State Green River, WyoJ Feet Second-feet Acre-fest
Alrway Waterways _
Red Canyon Utah 43 101 266 2,720 57,900 100,000 Not Estimated| Approachable from
Green River, Wyo.
Swallow Canyon Utah 52 124 195 2,740 34,700 ’ " " Approachable from
Green River, 'fyo,
Echo Park Colorado 73 166 300 4,950 114,800 575,000 " - Approachable from
Green River, ‘lyo.
Split Mountain Utah 76 186 250 5,100 91,800 i L& Remotest point
from railroads,
_ _ over
Rock Cresk Utah 332 190 7,000 100,000 300,000 " " Only 55 miles from
Green River, Utah
Rattlesnake Utah 365 275 7,000 154,000 w " Only 22 miles from
Green River, Utah
TOTALS *181 *387 1,702 (ALL Dams) 594,200
e "

Total Fall of River ‘s, oreen River, lyoming to lowest Demsite 1,914 Ue 3. G S. Data

froa Jeter
Supply Paper

....E.magao between Laeen River, Wyoming and Green River, Utah,

Ho. G618
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gated the lower-down sector of the perilous Green within the preced-
ing 106-year period, |

Future navigation should prove far less ﬁazardous. From
Gfeen River, Wyoming, to the lowest damsite at 22 miles sbove Green
River, Utah, the stream-fall is 1,914 feet. The total height of all
sevén intervening dams will be 1,702 feet. Such engineering develop-
ment would metamorphose some present 365 miles of generally impassable
cataractal scenery into an elongated stairway system. Seven placid
pools arranged in interlocking order with only a single break would
serve for the steps of this ladderway. It is hardly surprising that
the vital key member of the chain attracted the attention of hydraulic
engineers in the employ of big utility concerns as early as 30 years

ago.

Cost of Key Project

The prior extract records the cost of the Flaming Gorge pro-
| Ject at §12,000,000. The figures for the lower down auxiliary projects
do not appear in the cited publication. Detailed plans for these second-
ary units are not yet available from Federal or private investiga-
tional sources.

The USGS estimated the cost of firm power at the Flaming
Gorge site, alone, at {300 per horsepower. That figure appears fully
50% higher than the desideratum generally representative for hydro-
capaclty constructlion on the part of the Federal Government. The Flam-
ing Gorge unit is,however, a dual power and storage project. In addi-
tion to power generation this top member must supply the basic regulated
flow for the operaticn of 211 six down-hill projects, auxiliary thereto,
over the entire Green River system. The major object of Flaming Gorge
coﬁstruction is to provide complete regulation of the stream flow, It
only one-half of the construction is charged to that basic or pioneer
feature, the .cost of power generation directly at the site would not be
over {150 per horsepower. The latter appraisement should prove attrac-
tive for development at points that offer local markets for hydro energy.

On the compilation summary the firm output at Flaming Gorge
is recorded at 41,000 horsepower. The total for the whole stream 4is
594,000 horsepower. No big utility corporation will likely develop one

of the lower-down, exclusively, power-type dams until complete regula-

tion of the Green is perfected at the logigal top-of-hill site. As a

ROy -+ -



matter of equity such concerns ought to be willing to pay for their
basic water Supply completely controlled at the key reservoir site,

On & dam pro-rated basis, ultimate cost of the Flaming Gorge regula-
tion member of the Green hydro-system will 1likely approach a figure as
low as $2,000,000.

A Twin Power Project

The ability of the subsidiary lower-down power sites to agb-
sorb the previously suggested systen of bookkeeping may be best under-
stood by filing a deseription on one of them. The first site below
Flaming Gorge 1s the Red Canyon. At thet polint a dam 266 fect high 1s
proposed. The structure will be éo feet higher than Flaming Gar ge,

It should not cost so much to build for the Cross-section of the tower-
Ing canyon walls at that more favorable point 1s only half the width
at Flaming Gorge.,

The Flaning Gorge site establishes the height of the Red Can-
yon dam. On cormple tion, back-waters will extend to the upper barrier,
Yet, only 100,600 acre-foet of water can be stored in the t 31-nmile long
sinuous pool. That volume is only 6% of the higher feeder reservoir,
I 1e propmed to operate tho' lower project at the full dem head every
day of the year. Such subseévient operations will Tequire a 50-foot
drawdowvn from the higher key-ﬁool. In a sense, these twin dams form g
single hydro project. zach component member should be equally assessed
for its recuisite storage consumption. In fact, a glance at the river-
profile sheet discloses that the top five sites of the Green Kiver chain
forms a similar completely connected hydro systen, All members of this
quintette group nust rely on the Flaming Gorge reservoir for the major
share of its water supplj. Ho matter how many times the water is re-
used for saluble power generation, each dam of the interlocking system
should bear its ahare of the base storage cost of operation,

Apparently, the construction of these five dans will average
around £10,000,000 per unit. Construction of sone single dams else-
where seem to exceed the estimate for entive serles of local dams by
several times. Construction of these local projects should be conduc-

ted on & minimum risk, pilece-meal basis. 7o avoig any possibility of



these

ninor projects should be built at this time. Ko second unit

should be attempted until a market arises for its output beforehand.

Apparently, that is the method utilized by the 1. s. Reclamation Ser-

vice in constructing hydro projects in Wyoming. The USRS will complete

their Seminoce Dan project next yoar, Already its entire capacity 1is

sold.

Mention was previously made of the Inability of the Usgre to sell

any firm power to Green River from its nearby site at Seminoe Dam, At

this time surplus hydro-cépacity iz not a problem for solution in wyo-

ning.

The unusually wide degree of flexibility availeble for the

construction and operation of hydro projects along the Green River is

best explained in the cited Survey publication. The following descrip-

tion disclosses ths manner in which the first lower down 1link of the

chain would depend on the operation of the Flaming Gorge key project

for the source of its power supply.

"RED CANYON POWER SITE

Location. - The Rer Canyon power site (9ax 2)is on the
line between secs, 19 and 20, T. 2 N., R; 23 E., Salt
Lake base and neridian, a% about mile 285 of the river
survey made in 1922 by the Geological Survey, 7 miles
above the mouth of Red Canyon. (See general location
on pl. 1.)

Physical characteristics, - At this site the water suyp-
face in July, 1922, was 5,569 feet above sea level. The
width of the canyon at the water surface was 150 feet, and
& dam 266 feet in height above the water would have a crest
length of 700 feet. (See fig. 25,)

Plan of developmsnt. - 4 dam wlth power house built into
it similar to the type for the Flaming Gorge project (pl.
33) 1is suggested for this site. By raising the water
surface to 5,835 feet above sea level as a maximunm, it
would then not interfere with the Flaming Gorge develop-
ment above. The full head at the dam could be made
available at all times by regulating the streem at the
Flaning Gorge plant,

Water supply. - Complete regulation of the stream is con-
templated at the Flaning Gorge dam. The Reqd Canyon site
is 31 miles farther down the river, and a few important
but small streams enter in this streteh. Tt 1s believeqa
that there would be sufficient flexibility in the opera-
tion of the Flaming Gorge plant along with the Red Canyon
plant to obtain a regulated flow of about 2,720 second-
feet at this site. This estimated flow is baseq on stream-
flow records on the Green River at Green River, Wyo., and
records obtained at the Flaming Gorge site during the in-
vestigations under Federal Power Commission preliminary
permit. The reservoir formed in the canyon by this dam
would have a surface ares of about 1,300 acres, and with
an average depth of 80 feet 1ts capaclty would be approx-
imately 100,000 acre-feet,

Power capacity. - with g static head of 266 feet and a
stream flow of 2,720 second-feet the power capacity of
this site is 57,900 horsepower (43,500 kilowatts)., Maxi-

- 67 -

3



mm use of the streams gbove this site for irrigation
will probably never reduce this capacity more than 15
or 20 per cent,

Right of way, - Nothing but a narrow canyon would be

affected by this project. There is no agricultural

area involved, and apparently there would be no Tlowage
damage,

and this feet will have an Important effect on the econo-~
mic feasibility of the project. After the Flaming Gorge
site is developed and more power is needed this project
or one at some other perhaps more feasible section in

Red Canyon will then become attractive,"

Note that the only objection the hydrauliec engineer of the
Geologlical Survey filed against the economie feasibility of this pro-
Jeet was 1ts inaccessibility. On compilation insert, airline distances
of the Flaming Gorge and Red Cenycon sites from Green River are recorded
at 41 and 43 miles respectively. That séparation differentisl is in-
consequential,

So much prdgress has been rade in the Green River communi ty
that it is already safe to regard the 8-year olgd statement of the Sur-
vey in the light of an anachronism. 0On map insert in next chapter the
big Clay Bssin &&s fleld will be plotted on the Wyoning-Utah stateline
at & point only 8 miles ncrtheast of the Red Canyon damsite. During
past 1l8-month interval thousands of tons of heavy, deep-drilling equip-
ment have been safely transported fror the envircens of green River to
the point aforesaid. Haulage of such material requires the identical,
heavy-duty type of trucks utilized in the construction of gfant hydro
dams 1in Wyowing and elsewhere. Already talk 1s heard on the advisa-
bility of constructing a paved roadway in the direction of the newly
discovered gas field. Such a pavement may precede the completion of
Red Canyon plans by many months.

So far &s known, no road has yet been bullt over the remaine-
ing €-mile sector in Utah, Red Creelr, a sluggish stream that 1s other-
wise inconspicuous‘in"ﬁyoﬁing;hbisects the Ttah portion of the Clay
Basin gas Tield, It thence Tlows southward unt1l it finally enters
the Green in Ashley Park, about four miles telow the Reg Canyon site,
Over the entire route in Utah only one contour line appears to be
intercepted on the USGS Ashley Quadrangle sheet., Rosad construction
over thet final parkway sector should no longer serve to Jeopardize

hydrc-economics as meritorious as those deseribeg for the Red Canyon

site,

New mineral discoveries cf the magnitude of Clay B2sin do

—_ P20
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much towards advancing the feasibility factor of hydrosites lying
tributary to the City of Green River. Power consumption is a costly
iter in the construction of the ordinary project. To build the Sem-
inoe Dam it was necessary to hook-up a gas-fired power station lo-
cated 110 miles therefrom at Yidwest, wyo. Tt may be cheaper to lay
a 10-mile long gas-main at the outset at Red Canyon. Such facilities
would provide spot power for revision of construction estimates in
the downward direction. The line would also supply ali of the fuel
needed to heat ﬁhe construction camp. Fortunate residents of the new
model spotless town would enjoy thermostatic conveniences, made-to-
order climate, spectacular scenery and other attractions quite beyond
the accessibility limits of the general inhabitant of the great

me tropolises.

It was originally intended to file s comparison of the total
power output of the quintette of hydrosites tributafy to CGreen River
against the energy potentizl at Niagara. Such a task is no longer
necessary. Regardless of the meritorious manner in which the Survey
revealed the potential value of these tremendous natural resources, all
three of the lower down component members of loecal hook-up were located
in virtually insccessible and Yet unexplored reglons. But only a week
2go a pavexent was formally opened for through Coast-to-Coast travel
within six miles of the most remote site. Little good would be done
in bringing the two remalning units within heiling distance of trans-
portation. Obviously, such sites will not likely attract serious at-
tention until revenue records become svailable on the operations of the

more approachable projeets of local hook-up,

aAdverse Advertising

Citations of the preceding category do much to rctard nornmal
1ndustrié1.expansion in this locality. They are fregiently followed up
by an unnecessary flood of damaging advertising. In recent months a
series of editorials in the Kew York Times exposed the economic falla-
cles of processing phosphate rock at any point within the vast Inter-
Hountain province. The editor's observations might have had applica-
tion in some sections of the West. They did, however, succeed 4n rniss-

ing by a full 100% margin every basic economic potentiel that sharply
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demarcates the Green River community from any other spoct in the world,
Fortunately, the more dogmatic protestations of the editor seemed to be
based on nothing more material than an uncanny ability to detect deroga=
tory conclusions appearing in various lists of Federal publications.
Fortunately, the day is past for a member of the technolog-
lcal press to fire a blind broadside against the character, volume or
variety of minerals, chemicals, fuels, and other types of primary power
producers that hook-up and over-lap one and another in the Southwestern

Wyonming sector of the Green River valley.

CHAPTER II

< CELF-CONTAINED ELECTROCHENICAL BASIN

Reservoir Base Kap - Major Resources Superimposed

on Reservoir Kap - Hydro Power ~ Coal - No Trans-
missicn Lines - Natural Gas - 01l - Petroleum Coke -
Phosphate & Potash Deposits - Acid & Basie Flux
Supplies - TVA Cost Production Table - A Venetian
Highway - Valuations - Irrigation vs Hydro Develop -
Haticnal Recreatiocnal Area. Canyun National Manument

The outstanding hydro-electrical basins of the nation ars
generally barren of'noteworthy mineral deposition. Only the basin
at CGreen River city may safely be regarded as a self-contained eclectro-
chemical unit. In that compact area alone occur all féquisite raw
materials utilized in the manufacfure of all commercial types of minersl

fertilizers and many other chamical products.

Reservoir Base jiap

Yeny exhiblts of highly informative value appear 1n the pre-
viously cited water Supply Paper of the USGS. An outstanding example
is their map of the Flaming‘Gorge Heservolr site. That base map serves
as the cardinal exhibit for this report. 4 full-secale photostatic copy
of the‘ﬁﬁp is inserted as ths following page.

The USGS allowed only the regulation arount of marginal space
for rmapping the reservoir. ¥o serious attempt should be made to super-
impose all of the diverse geological phenomena thai overlap one and
ano tner within the exceedingly small compass defined by the reservoir
map., Nevertheless the borders were adequate.to ricture to scale the

nearest approach of a fully aelf—sﬁ%iéining electrochemical basin that

T
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i1s 1likely available in the U,s.4. or in uny othep ma Jor industrigl
nation ef the world,

Not ull basic 2upplies of the "Possessive" Green Kiver cormmun-
ity could be recorded on preceding sketen, The borders, however, were
wide enough to show the characteristic types of resources that occupy
Superlative magnitudes on either the national or international plcture,
No attempt was made to show miners] deposits of ordinary size, For the
location of Several of them reference ezn be made to the larger scaje
map of Green River city, previously inserted.

The reservoir bage T8p occuples almost 1/5 the area of an entire

county in Wyoming, It also takes 4in ¢ @wnsiderably smallep area in Utah,

& dormant ares, . Tt 8lready heads the 23 counties Oof this state 1in tax-
able property., 1Its backlog of undeveloped wealth seems to be of ample
dimension to lead the 3,070 counties of U,S.A. 1in valua%ion in the next
century. Only g minor section of this premising aree ean be mapped out -
by the present investigation,

Hajor Resources Superimposed QOn Reservoir Hap - Hydro Power

Primary'prerequisite °of & hydro basin worthy of the name 1g

rlenty of available hydro sites,

PPer trio of the Green River hydro-set., Fop locations of the complete
cuintette group of interconnecteqd sites on the upper reaches of the scenice
and precipitous Creen 1t will pe necessary to view the larger map next

follewing,

There are ne €4ps in the Preceding hydro chain, 71n their de-
s8ign for the lceal interconnecteqd system, the Usgs establigheqg dam
helghts that woulg back water to the units next above, Their philosophy
probably contemplated completely regulated hydro development for the
next 80 years to cowe., If an industriaiist of the future finds power
rstes stiffening toc rapidly, he cculd cemplete additionsa] links of the
loecel chain, 23 needed. The problem of unmarketsble power surpluseg
should at no time be permitted to enter into a natural basin thet can
supply every €ssential to order.

Ceal

It would be aﬁpGCriate to rlece g carbon paper overlay on
pfeceding bise mapz, on Wyoming riaps of the vU. g, Burcau of Hines al1
ol said area 1s underlain with high grade cosl deposits, From the

Kational view-point the Bureau's 7, P.,74B4, describes local deposits

- 72 o . 1



as follows:-
"The coal in the Green River region ranges
fron subbitumenous to high-rank bitumenous
and probably exceeds in amount that in eny other
region of similar area in the country,"

In other Federal publications loeal cozl reserves are rated
as high as one-half trillion tons.

For many years past the locsal region has leéd the world in
the art of mechzniexl mining. The district serves as a fleld labora-
tory to which major coal producing nations annually send representatives
to study the latest technique in machine operation. The district 1is
already 100% mechanized. Progress neverlst0ps at this point. The
last word in modern mines will be the D. C. Clark, now under construc-
tlon. Cozl -from this mine will be machine loaded and hauled directly
on an endless belt system over a mile in length. Such big-scale auto-
matic operations would provide & contlnuous fuel supply at lowest cost
for firing conveniently loczted steam pever plants,

In view of technoclogical advancements of the locsl order de-
scribed it is no longer possible to file an estimate on ultimate power
production capacity of the so-called Green River hydro basin. Such an
estimate would be entirely speculative.

In some of the older established hydro basins of the country
power rates seem to be revised yearly, solely in the upward direction.
The Green River type would automatically set an upper limit to such
spectilative procedures., In time hydro basins may be divided into 2
classes. The safe and superior basin will be a vast natural bin com-

pletely flcored with coal and other fuel types.

No Transmission Lines

lfore than 90% of the lceal reservoir area.will lie in Sweet-
water County, Yyo. That county ranks first® for tax payments in VWyo-
ming, Host of these revenues are collected from coal mining and rail-
way interests, FPurthermore, more coal miners still reside in Sweet-
water County than in the remainder of the State. 1In the past, hydro
construction has seriously disturbed the welfare of all basic interests
that have so far teken root in the locality, Obvliously, no hydro plans

of any sort should be projected for the cormunity without allowing all



preceding organizations to have their day in Court. Fron such heeringg

neither members of liner's Unions nor representatives of heavy tax-paying

cumbered by costly and decidedly wasteful transmission lines,

Talke the city of Green River for instance, It possesses tre-
mendous geographical advan;ages. In the Western Phosphate flelds 1t
stands 500 miiles out in front of established competition for capturing
national markets, lioreover, construction of the local reservoir would
put rock in town for a few cents per ton, Such low cost transportation
on basic ore Supply is yet undreamed of at competitive points of equal
¢ivic importance within the entipe Inter-tountain phosphate brovince,
Both of the preceding geographical pPositions &y be dismisgseqd at the
cutset. Just to Teach the Port of Green River would reguire the con-
struction of & transmission line 50 milés in length entirely aleng the
shore line or the lceal impoundage pocl, Ordinary arithnetic dlseloses
the lower cost of operation at the power gam,

A Congressional lianda te requires ga mafor New Deai agéncy to
lower the cost of fertilizers to the égricul tural industry, If such
pProducts are to pe made st the ultimsate Tock-bottom cost it would be
imperative to mine and reduce the roclk Supnly at g 8ingle S8pots The
optimum point would feécessarilly appear at the bus bar of g hydro pro-
Jeet. Such leceations cun only be selecteg in Completely self-sustaining

hydro buginsg,

would use coal mined in Sweetwater County., For Guantity ratio See Cost
Frocduction Table sub-head to follow, Unfbrtunately, the new outlet
would fell far short of the losses that locel miners will suffer when
the Seminoe pan starts Operations next Swmmer. Half of 4t power outpug

should have been conveyed to Green River for operating a prhosphate plant



4t thsot favoreble site, but Part I of this invostigation discovered
that 811 of its firm capaclity is already sold to municipalities situateg
within the marketing territories of the local coal nining district,

Only one kind of hydro project is of &ny geed to the coal
zining industry. The non-compe titive preject must sell 1ts entire
power output directly to the industrial market., TIn the pust 15 or 20
years the municipsl variety has Succeeded in throwing thousands of coal
niners out of employment., In the Green River dual cosl and hydro basin
hundreds of them could be rehired to mine rhosphate ang potash rocks,

In arcas much less advenced in engincering progress it seems that
1denticsl methods are utilized to mine both coal and’ phosphate roek
beds,

In the completely self-contained Green Flver basin, fertilizer
chemicals represent chly one variety of products thst coulg be processed
at lowost costs., 1In time far nore valuable and powerful chemicals will
be manufactured there at production costs elsewhere unattainable, For
hydrc dcvelopment sclely in the industrial field, the Green River areg

offers a far wider latitude than &ny competitive basin,

Ratural Gas

Every one knows that-electric power 1s the mest highly per-
fected form of energy yet introduced to industry. Fembers of the Com-
munity Club are already aware of the fact that £as from their loeal
fields possesses twice.the thernmal efficiency of the artificial variety.
Its same ratal Suprexscy also arplies to &1l other common fuels 1ike
coal, ordinary coke ang 80 forth,

The day is coming when g hydro beasin barrep of an exhaustless gas
suprly will be viewead pretty muech in tho light of an anachronism, In
the future, manufacturing sites will be 2t spots that offer both of
the:ze increasingly important componentis of modern industry, fhe ideal
heat and power combination provides the groundwork for the nanufactu:e
of the widest variety of cheaper cnd better products, If 8as could be
piped to the Klagara basin at the rates now prevailing in Green River,
the standerd of 1iving would soon advance pcreeptibly in this country,

Several reforences have alfeady been made in regard to the

locsl gus fields, Other notices must follow, see preceding reservoir
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nap for locetions of & fields coumpacted within the local hydro basin.

0i1

Liquid fuels must also be avallable at low cost for a hydro
pasin that would pretend to be complete 1in all particularse

No oil fields appearl on the preceding pase map of the power
reservoir, itself. Biggest and oldest field of the county for which
Green River is the seat of government is the Lost Soldier field., It 1is
plotted on tne map next ensuing. 011 from this local field now goes
to the new clty of parco for refining. The travel has been in the

wroﬁg girection for FParco 1ies 126 miles east of Green River.

petroleum Coke

The only refinery product that space will permit mention in
this preliminary outline is petroleun coke. This material also finds
increasing application at major hydro points. Electrodes are made out
of 1t. At Wilson Dam electrode consunption takes out no less than Te7
cents from the 7yA phosphate dollar. A lccel source of supply of this
costly material should prove sdvantageous to towns that apply for loca-
tions of ¢lectrochemical enterprises from time to time in competitlon
to Green LRiveTs.

Cost of common coke represents o7 cents of the finished pro-
duct dollar at Wilson pew. Unfortunzately, the prclifically'rich_ﬁreen
River valley 1s devoid of coking coals. 7o make coke out of local fuels,
pike reccmunends 2 407 adnixture of Sunnyside, Utah, coals.

strangely enough no experimentation has yet been conducted on
the use of petroleux coke for local phospheate rock smelting. Lesser
volumes of the wyoming ash-free coke would be required for high temper-
ature operationse Its B.T.U. reting 1s around 16,500 against the theo-
retical value of 14,175 for T1ffany diamonds of the first water. Use
of the oil fuel in connection with the double-power natural gas of the
locality would demsnd many precautions. The domestic markets fon-petrol
eun coke never dicd reach sizable magnitudes. In Tyoming 1ts first ap-
plicaticn generzlly succeeded in melting the customer's cook-stove.

For leocsl smelting practice 1t would be well to sdopt some meaﬁure of

adulteration beforehand.

Phosnhate and Potash Ore Supplies

The largest supply of potash rock in the U.S.A. approaches
' - 76 .



vithin 9 mileg of the northern eng of' the plotted reservoir site,

At the southern tip the pool 1ntercepts,at watertg edge, the largest
phosphate depositz known to the worlq, Incidentally, the latter point
also represents the closest approach of the vast Inter-Mountain Tields
to the markets of the nsation.

Total vclunme of the se eéxhaustless rock supnlies must be re-
corded in b11lions of tons. Few areas 83 variegated ang compact as the
Taprec reservolr site gre invaded by économic potentials of preceding
magnitudes. From the logcal make-up chemical fertilizers of higher
powered grades than now on the market must pe brocessed in due course,
Such products should be manufactured at costs beyond “the pale of com-
petition insofar as the Focky Kountain phosphate province as a whole is

ctoncerned. Practical procedures for Erecessing these huge Trock supvlies

Acld and Basie Flux Deposits
The smelting or preceding rock varieties wiill require the
use of beth types of fluxing materials, on page 40, the operations of
largestlsilica gravel works in the West were outlined. on completion,
huge limestone deposits will also be flooded or bordered by the waters
cf the reservoir, hese 1iﬁestone ledges ére, however, situated at the

Other extremity of the natural assemblage pool.

of Green River never vere able to locate linestone deposits closer than
119 miles to ths eity., fheir transportation would have involved costly

truck arng rallway haulages, Only by the construction of the local

IVA Cost Production Tabile

Frequent references have already been made to the cost angaly-
sis sheet that g, A. Curtis ang &8socisates published in the Decembef,
1956, 1ssue of "Chem & Met"” on ths operating costs of the phosphate
division of the TVA. The sheet 1s slightly out of date for the latest
high-power products of the Tva, 4 copy, however, follows as g natter

of record:
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Table VIT - Swmary of Production Costs for Concentrated Super-
—_ phosphate
Cost per Per
Item Annual Ton Avail- Cent
Cost able Po0g  Total
Lump rock or sinter - - - 550,966 €14.00 27.5
Phosphate dust - - - . _ _ 193,518 4,92 9.7
Silica pebble = - - - _ . 29,792 0.78 1.5
Coke - - - - - - _ _ . _ _ 74,806 1,90 37
Coal - - - - - . _ _ _ _ 1,915 0.05 0.1
Power - - - - _ _ . _ _ _ 415,724 10,56 20.8
Electrodes - - - - - . _ _ 154,522 Je82 ey
Tater - - - o - L L _ _ _ 15,614 0.39 0.8
Maintenance materisls - - 70,264 1.79 3¢5
Labor{all) - - = =« o = - -  247,980. 6«30 12.4
Fediecal - - - - . o - _ _ 4,960 0.13 0.2
Storeroom - « « - _ . _ . 6,246 0.16 0.3
Deprecistion - - - - - . - 181,682 4,62 9.1
TAX6S = « - = - - - - - 45,546 1415 2.3
Insurance - - - o . . - - 4,960 0,13 0.2
lliscellaneous - - - - . . — 5,904 0.10 C.2
Totel -« - - - _ _ _ _ 2,002,399 $£50.88 100.0
Credit for ferrophosphorus L L 2,97
Net Cost - - - _ _ _ _ £47.91

By thils time a loec:zl

various types of raw materials listed in

corded,

scurce of supply for each one of the

the above table has besn re-

To visualize the Immediate sites of each one of these exhauste

iess depositas with

to meke en ascent of Tower Rock.

configuretion is provided by

For surveyed locations of a1l l1istegd ingredients,

coke, see preceding map of

A view of this

One sweep of the unaided eye, it would be necess&fy

prominent municipal

the 3rd photo appearing on page 38,

aside from

the local hydro reservecir site,

For lccation of a source for petroleum coke see the position

occupled by tiie Lost Scldier ¢4

next to fcllow,

For tihe operation or the electric furnaces at

Alabaxa, 1t seems thut TVA

western Tennessee for its rhosphate roci supply.

tericls

The TVA

way comwe from elsewhere,

relies on various localities

1 Fielé in the lccel county on the map

'u‘dil sS50nN m,
in centrel end

Other listeq ey mi-

-

operates under a previously cited )Mandate of Congress

- - -"fo improve, incresse ang cheapen the producticn of fertilizer ang

fertilizer ingredients.”

Only phosphates can be made at the Tvz site,

The Green River reservoir area doubles the latitude of the Tennessee-

Alabams region for the ranufacture of irproved fertilizer products;

For the processing of both phosphatic ang rotassic types at the cheapest



cost all raw materials shculd originate at g single hydro site, or say
at the most, within the confines of a single county in Yyoming.

For reasons stated the membership of the Green River Cormun-
ity Club would welcome a broader interpretation of the basic Congression-

al kandate now of record in the phosphate field.

A Venetlan Highway

A glance at the rreceding reservoir map suffices to disclose
that all 5 forms of modernized transportation selected Oreen River City
to route thru their originzl traffic from Coast to Coast,

To some minds such superd fsecilitiecs are beyond irprovement,
As a matter of fact Green Fiver is one of those towns that has travel
accommocations only in an easterly-westerly direction.

To raise local stendards of transport a full 100%, provision
must be made for an observeble highway elong z northern and southern
route. GCecnstruction of the local power reserveir would provide the
City of Green Fiver with a Vene tian Highwey over which tremendous wvol-
umes of local raw materiels could be barged at profoundly lower rates
than those offered by transportation systems so fsapr developed within
that community.

Foom was méde for the insertion of a navigational table on
the rescrvoir mepe. 4n Inspection discloses thaet the City can be resched
from zny point on the 60-mile long pool during one month of the year
at lezst. TFive miles below the city the level of the reservoir will
be sufficient to provide free navigation during the greater portion of
the year, ' Only by the construction of the local vwaterway would 1t be
possible to assemdle 211 Ingredients of the furnace charges at a minor
fraction of the transportational costs prevailing at any other compe t~
itive point that mey be Name .,

Several yeers ago the U. S. Dept. of Agriculture determiﬁ;d
the "technical feasibility" of smelting local potash and western bhos-
rhate roc%. In their T. B., #543, published a year 8g0, the following
conclusion appeared:

"The purpose of this investigation, as stated
elsevhere, wus not g study cf costs but of

smelting principles,"

The Department used a small blast furnsce eorected near Wash-
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ington, D. C. for their research work. Aside from potash rock, all
raw materiuls seem to have originated from non-Wyoming deposits. From
such widely separated spots 1t was hardly practical to file a cost
ananlysis sheet,

During January, 1938, Robert D. Pike, chemicul engineer,
Pil&dmont, calif., completed & report entitled, "Prelininasry Lstimates
for the Production of Potassium Metaphosphate at Green River, wWyo."

His report, yet unpublished, contains a map recording the locations and
distences of all raw materiels to be used in the manufacture of the
proposec products. As his nap shortens the distances of other investi-
gators considerably, a dopy of it follows:

The area occupied by the prior map of the reservoir site is
outlined to scale on the pike I2p. Note that a sinzle postage stamp,
alrmail design, suffices to cover the reservoir site in which are far
morc severely compacted all raw me terials, aside from coke, previously
tabulated for an electric-furnace charge. A coke supply st 1/3 the
previously plotted distance is also superimposed on the Pike map.,
Apparently, nothing would me tamorphose the industrialization factor.at
Green River so profoundly as the construction of the fully self-sustain-
ing Plaming Gorge hydro project.

Considering the Teéservolr simply in the light of a single
assemblage pool unit, the following mileage fisures are offercd by way

of contrast in respect to the plottings on both maps:

Raw Material Distance From Distance ¥rom
Green"RiVer Reseryoir Pool -
Pike Map See Prior Reser-
| voir M%E“
Phosphate Rock 157 Miles
Potash " 41 " o Hi%es
Coal 15 » 71 "
Naturel Gas lains 1 " 0:3 "
Limestone Flux 119 il 0 "
Siliea Flux 0 "
Soda Brine 0 v JO B
== 333 liles - 16% Miles

A saving of 95¢, precisely, in transportationsal assenblage

is indicated by preceding table, That reduction, by itself, seems to

be of appreciable magnitude, Eventually g saving around gyl nay re-
sult, Ordinary Phosphate ang potash rocks
terials and the like can be towed 2 1ot cheapeor aboard scows th

railway gondolas, highway trucks‘and by other costly forms of rolling



ington, D. C. for their research work. Aside from potash rock, 2ll
raw materiuls seem to have originated from non-Wyoming deposits. Fron
such widely separated spots 1t was hardly practical to file a cost
anzlysis sheet.

During January, 1938, Robert D. Pike, chemical engineer,
pi&dmont, Calif., completed & report entitled, "prelininary Estimates
for the Production of Potassium Metaphosphate at Green River, Viyo."

His report, yet unpublished, contains & map recording the locations and
distances of 21l raw materials to be used in the manufacture of the
propossG products. As his map shortens the distances of other investi-
gators considerably, & copy of it follows:

The area occupled by the prior map of the reservoir site is
outlined to scale on the Pike map. Note that a single postage stamp,
girmail design, suffices to cover the reservolr site in which are far
morc severely compacted all raw msterisls, aslde from coke, previously
tabulated for an electric-furnace charge. A coke supply at 1/3 the
previously plotted distance is also superimposed on the Pilke map.
Apperently, nothing would me temorphose the industrislization factor at
creen River so profoundly as the construction of the fully self-sustain-
ing Flaming Gorge hydro project.

Considering the reservoir simply in the light of a single
assenblage pool unit, the followling nileage figures are offered by way

of contrast in respect to the plottings on both maps:

Raw Katerial Distance From Distance From
Green River Reservoir Pool -
Pike liap See Prior Reser-
voir Map
phosphate Rock 157 “iles 0 Miles
rotash * 41 9 "
COal 15 L] 17_3.3 t
Naturel Gas liains 1 " 0 "
Limestone Flux 119 - 0 "
Silica Flux 0 9
Soda Brine 0 U 0 1
335 Miles 16z Miles

. A saving of 95%, preclsely, in transportational assemnblage
is indicated by preceding table. That reduction, by itself, seems to
be of appreclable magnitude. Eventuslly a saving around 9747 may re-
sult. Ordinary phosphatec and potsash rocks, corrion fuels, fluxing ma-
tericls and the like con be towed & lot cheaper aboard scows than in

railway gondolas, highway trucks and by other costly forms of rolling
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eguipment. successful mapufacture of chemical fertllizers in the wild
and remote localities of the RockKy Hountain West 15 still regarded as
'an economic impossibility by several of the larger metropolitan jour-
nals. The necessity of secking spots where all base materials could be
agsembled &t & cost of a few cents per ton has been repesatedly stressed
hereinbeforee.

The distances plotted on the Pike map are not subject to
criticism. His figures areé pased exclusively on available tr#nsporta-
tion services. On 2 tonnege basls g9, plus, of the travel at Gréen
River is still of en east and west directlon. Apparently, & far more
complete and variegated display of mineral resources 1s encountered by
a trip to the southward. TO encourage jndustrial development in the
comzunity, ways and means should be devised for low cost transporta-
tion on & volume pasis in & patural direction. In the future more at-

tention should be paid to the factor of geography.

Eg}uations

7o provide Green River_and.mineralized territory contiguous
thereto with 2 modernized source of industrial power, the dum at Flem-
ing Gorge will be worth every doller of its previcusly cstimated cost
of 12,000,000,

imong the civic petterments that will ensue from foregoling
construction would be & permanent deep-water navigationel channel,

60 miles in length. availability of new type of transportation would
permit the spot menufacture of phosphates and even more powerful fer-
tilizers at low=cost levels, h;therto unachievable. As 2 vehicle
e - ="toc 1mprove, inerease and cheapen the production of fertilizers
and fertilizer jngredients” - - the valuation of the latter suppleﬁent
ary navigational unit, glone, may be conservatively set down &t
$24,000,000.

| The latter appraissl 18 filed solely for the benefit of the

National agricultural industry at large.

Irrigation Vs. Hydro Developnent

At this time pleuns &re being formulated for the irrigaticn
of vast acreages of land situated in the Green River basin. The pro-
posed schemes would divert 585,9?5'acre feet of water fronm the unuse
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flow of the river. No detailed examination of these embryonic proposals
seemed to be justified for thia investigation, 4 casual inspection in-
dicated e leng range, highly futuristic, if not, entirely visionary

program of development.

projects completed within the upper Green Rlver drainage basin up to
10 years ago, any of the major systems were conplete financial fail-
ures. Some were built on bottomless gravel bars thru which irrigation
watérs flowved 1like in a sleve. Others were located in regions in which
clinatclogical m&ps show frosts occurring in every month of the year.,
Reclamation of seeningly benumbed soils of foreéoing sorts 1s yet an ex-
tremely speculative procedurs,

In due course the plans now under way will be reviewed by the
Us S. Reclamation Service. Thus far the Serviee has completed 2 types

of engineering structures within the Wyoming Sphere, Acreages lying

Power outputs of hydro works hsve been conplete sell-outs a year in ad-
vance of project operaticn. Sad to relate, some irrigation lang sales
consumated as long as 10 years ago yet remsin unpaid. OQOne type of cus-
tomers have demanded extehsions, reductions, and even ocmiszions on OVEY=
due installments thruout prolonged periods of depression, Ho such 8ysS-
tem of financial complexities hes yet been evolved by the customers of
the power plants. - Such sales agre generally made to major utility cor-
poreticns. They are executed ®n a cash pawyment basis,

Yost irrigation propagandists are first and.foremost state-
right enthusiasts, The hydro projecf herein recommendéd for construc-
tion would be built beyond the boundary line or Wyoﬁing. Hydro develop-
ment does not consurie or destroy lstent water resources in any sense.of
the word. This report has Suggested that water resources still remain-i
ing unexploited on the mighty Green be Teéused 6 additionsl times for
hydro development in 2 lower down states,

In a frequently quoted reference volume published 10 years
8£0, & power propagandist stated: -

"the value of the products dependent upon
Hlagara power 1s rockoned 1n billions of

dollars annually"

For 25 years or more phosphate rock hes been hauled from
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hopper by chain or telt conveyors, Regardless of the differentials
between the citegd haulage Systems, tho citizenry at Niagara stil] re-
lentlessly bzattle every attempt'to divert loecal water Supply at any
point thrucut the tributary Great Lakes region. ¥o one has yet pro-
nounced the Niagara district a-completely self-sustaining electro-
chemical basin. There the immediate mineral wealth seems to be 11imiteq
to send ang limestone deposits, 1In billion-ton units one smaljl reser-
voir pbnd on the Wyoming-Utah stateline woulg either overlay or else
lay in Juxtaposition to a wider diversity of mineral wealth than yet
ieasurei for the entire drainage basin in vhich the vast €xXpanse of the
Great Lakes occupies a central bosition,

The present Rational Administration Seems to be preeninently

dam-minded. For 25 years or MOore an organized bang of irrigationists

form chiefly in the light of a power unit, Next year the new hydro works
will be completed, Tts power capacity is already sold,

At this belated day 1t would seem clear to all thut one smailj

date than, 58Y, blg-sounding Irrigation Proposcls calling for an ultia.

mate expenditure of 80,000,000 or nore during the next half century to

cone ,

Katlonal Recreationzal Area

during those Intervals in which the power peEnt would operate at the maxi-

sections of the river course Into a baked, bone-dry channel during the
latter months of the summer period. 1In timo, the tax
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River may be called upon for a deecisiocn on the type of marine scenery
locally preferred,

The construction of the power dam would emplace the City of
Creen Kiver on a pérmanently created lake of an ares only‘eXceeded by
the Yellowstone in this state. It would be wrong to confuse the new
lake with the huge mud pends that are drained dry each year by the
irrigation industry 4in this state., Minimum depth of the proposed
pool would be 170 feet at the damsite. In such waters fish would
thrive without annual danger of wholesale extermination.

Such construction woulg spectacularly transform the hitherto,
generally arid, Creen Eiver community into a far famed recreational
region. The beautiful lake would provide a marvelous anchorage for
yachts, speed-boats and lesser forms of trim and neat racing craft,
Unfortunately, many power reservolrs were or are now being constructed
in regions far away from the beaten paths. At Green River the magni-
ficent expanse of water would be daily visualized by thousands of auto,
train, bus and plane passengers, Hundredé of the more vigorous visitors
would doubtlessly tarry a day or two Just to indulge in favorite agquatie
pastimes thnat would range all the way fromamqaplaning to yachting,

All will agree that the date is becoming propitious for the
incidental establishuent of one of these latest style National Recrea-
tional Areas directly across the Main Street of America., Between actual
despoilation and visible enhancement of potential scenic values, the
Administration in power seems to hand down only one type of decision,

It would be hard to file a nonetary value on the recreation=-
a2l reglon that may later be created in the fundamentally dynamic Green
River ares. From the city a feally fast speedboat comld reach the dem
in €60 minutes, 4 passenger on such a craft should experience an un-
usﬁally exciting thrill. 4 previously exhumed citaticn rightlj or
wrongly pictured the locality of the demsite as one of the wildest
scenic rcgions yet remaining unexplored in the U.S<A. Along the cen-
trel arterisal highway system of the nation, such sudden changes in
envlirecnment are not everywhere available,

ﬁdvertisinglaccumulated to date has measurably expanded the
value of the novel features abounding in the attractive Green River
reglon. Contingent evaluation of foregoing publicity may be minimized

at +120,000,



Ladore Canyon National Monument

A step forward has already been taken towards the develcpment
of local river Scenery into a recreational region. On August 2, 1938,
Ladore Canyon was set eside as a National Monument,

Construction of the hydro pro ject at Flaning Gorge will Spec-
tacularly improve all attractions that Occupy the lcwer dewvm reaches of
the scenic Green, The power project would provide a minirum flow of
55,000 second feet to cascade thru the catarsctal canyon every day of the
year. Unfortunately, extended irrigation development on the upper levels
of the Green would exhaust fully 909 of the preéeceding torrential flow
during such intervals that the canyon would receive its greatest throngs
of visitors, |

Ladore Canyon is one of the finest scenic attractions still
remalning in the primeval state in Colorado. At some points the canyon
is 2,000 feet deep and the walls are gg perpendicular ss if cut by a
knife. Its scenic value would indeed be problematical if only a trickle
of water_zs allowed to pasz over its precipitous floor during the height
of ths dual irrigation and tourist season,

The Ladore Canyon lies less than 20 miles south of that point
on the %yoning boundery where Colorado and Utah corner., fhe project at
Flaming Corge must always be viewed as g tri-state development in every
Sense of the word, Tts extremely low cost construction in this day of

big-secale engineering achievement is bound to receive the approval of

State of Wyonlng may agsume beforehand. Such dc velopment would visibly
increase the scenie end hydro potentials of all 3 states, Much more
costly irrigation construction within the #yoming sphere, exclusively,
would be preceded by interinable wars of words for reasons far tco ob-
vicus te recuire Turther coumment herein.

Two towns in Wyoning will likely receive the nost benefits
fror: an intensified progran of development at the newly creategd recrea-
ticnzl arez, The map nex; preceding indicates that Creen River and
Kock Springs are the only cities of Importsnce within hailing distance
of the Canyon Ladore. In time visitors by rail or plane will be forced

to embark from those points in adder to reach the latest National }onu-
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ment 1n gn eXpeditions nunner,

7lder travel facilities ™Yy be provided in the

future, The
site yet unspoiled in the Colcrago v

‘11derness never will receive Na-
tional acelainm until it can be more leisurely a@pproached fron the Port
of Green River, Gondoliers cruising over the Vene tian Highway pre-
viously notated woulg éncounter varie

Today,

Green River is the Canyon Ladore.

the southern direction from Green River.
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CHAPTEE III

GEOLOGY AT THE DAVSITE

Foreword - USGS Bulletin - Henrys Fork Area -
lap - Type Section at Damsite - Limestone Deposits -
Analyses -~ Reserves - Appraisale

‘ Foreword

Within next few years sizable hydro works will be completed
by ssveral agencies of the Federal Government in at least 10 of the
western states. HNone of these projects arc located within the vast
area herein known as the Inter-Mountain Phogphate Province. HNever-
theless, no type of raw material has been more frequently recormended
for reduction at these new and remote hydro dams than lowly phosphate
rock, itself,

Apparently, the more costly hydro works are approaching come
pletion in reglons elmost barren of noteworthy mineral deposition.
Three years ago an Oregon professor published a ponderous discourse
in a leading chemical journal on the nineral resources that 1lie tri-
butary to the Bonneville dam. Therein, the phosphate deposits of
Wyoning and adjoining states were designated as the loeal raw material
most suliable for providing market outlets for Bonneville power,

A mountain of phosphate rock would possess an apprecisble
value 1f it was moved from this locality to the Bonneville damsite,
in Arctic iceberg might also be salable 4f it was towed to that vi-
cinity Guring some seasons of the year. Unfortunately, more than 900
miles separates the Bonneville dem from the phosphate deposits on the
Green River. Along the latter hydro channel 1t may not be necessary
to go more than 900 feet from the damsite to secure a rock supply

adeguate for the operation of a phosphate processing plant of latest

design,

The projects most frequently proposed for reducing phoéphate
rocks from the Western filelds are the glant dams at Fort Peck, llontana,
and at Grand Coulee, Yashington. By way of contrsest, power outputs of
foregeing dams are respectively recorded at 10 aﬁd 65 times the volume
that will later be generated at the Flaming Gorge natural site. Both

of those proportionately more costly projects are, however, located

« 88 =



considerably nearer to the phosphates than the dem selected by the
far seeing professor in Oregon. Their distances to the nearest oper-
ating mines are in the neighborhood of only 500 miles, Editors of
the leading newspaperz and technieal Journsls maintain thzat the pre-
ceding distance 1is Still too long for the profitable operstion of
phosphute plants,

The more stubborn of Eastern editors remain irreversibly
ccnvinced that phosphate works will never operate in the Western fields
wlthout receiving huge subsidies from the Federal Government, They
never feil to expoae the grest distances that S¢parate known deposits
from nearest reduction sites, Other factors frequently objected to

are the unfavorable geography occupied by the Western deposits in re..

that would be cozpletely immune from the type of eriticism stiil rag-
ing within the editorial world, This investigation Tailed to locate

any such site totally within the confines of Wyouing. fThe following

remerks are descriptory of & damsite lying 2 or 3 miles beyond the

voundery of Wyoning,

USGS Bulletin

A search of the exhaustive literature published by the Ue s
‘Geological Survey reveasled only one citation of &n occurrence of phosg-
rhate rock directly adjoining a sizable hydro damsite, itself. 7The

notation of the Survey follows:

8ltuated as the one on Green River at Horseshoee Can-

point a large and cheap power can be developed, large
quantities of limestone 8r¢ present, and the phosphate
beds as well as the overlying and underlying 1ime-
stones cross 'T'éen River a short distance above the
proposed dam site., When the dam 1s completed the
stored water will flood Green River back to the Imion



Pacific Railroad at the town of Green River and
furnish cheap water transportation from the dam to
the railroad. There are probably only a few places
where power can be obtained cheaply enough end in
large enough quantities to warrant an undertaking
of this kind."%

Above extract is from USGS Bulletin Io. 690=C that was
published in 1918 under the titular complex "a Geologic Reconnaise
sance Of The Ulnta Mountains, Northern Utah With Special Reference
To Phosphate.” Other publications of the Survey were subsequently
printed on the locality, but only Alfred R. Schultz, the author of
the cited bulletin and long recognized as the foremost authority on
Green River geology in the employ of the USGS took note of the phos-
phate occurrence at the prospective damsite.,

The Survey bulletin mepped all of the phosphate beds dis-
coversd by Schultz within an area of 7,000 squere miles in north-
eastern Utah. Only one of these beds intersects a hydro site. It
alone lies within the industrial area tributary to the City of Green
River., Mlany other beds are noted in the bulletin. Host of them seem
tc be too narrow or else too low grade to warrant exploitation at this
time. Ko notice can be taken of such inferior deposits. All seem to
cccupy rough mountein terrain in positions remote from either naviga=
tion or railway transportation facilities. Obviously, such deposits
will never serve as ore supplies for reduction plants that may later
locate at Green River City or at the damsite, itself,

The bed at the damsite is described under the Henrys Fork
areéa. Henrys Fork flows easterly in Wyoning for nearly 211 of its
lengthe. The phosphate bed, however, parallels the streanm in nearby
positions on the Utah side of the state-line., Tt dips toward Wyoming,
but ecross the boundary the deposits are too deep to mine. The geo=
logy of the local ares 1is sub-headed in the builetiﬁ, as follows:

"Henrys Fork Area
The eastern phosphate area on the nerth sids of the

Ulnta Mountains lies along the north flank of the

mountains from 6 to 8 miles south of Henrys Fork

and more or less parallel to that stream. At its

east end, near the mouth of lienrys Fork, the phos-

pbate beds lies less than 2 miles south of the River,

and within a short distance they are cut out entirely

by the Uinta fault south of the Boars Tusk, a pro-

minent topographic point in T. 2 Ke, Re 21 E., 3

miles east of Horseshoe Canyon of Green River., The

Henrys Fork area extends from the Boars Tusk weste
ward to the divide betwsen Burnt Fork and the Zast
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Fork of Beaver Creek, a cdistance of aprrcximately

=0 miles. Tne general strike of the beds 1s cast,
altnough, owing to the minor irreguleritics in the

main TUinta fold, numerous deviations from this trend

were observed along the outerop. The straute at the

eest end are in places nearly vertical and near the

fault are largely overturned. The dip 1s generally

to the north and varies from point to point, beling

ss low as 15° in some places and nearly vertical in
others. HNear the west end of the outerop the beds
usually dip 35°-60°N.

The first low range of hills along the base of the

main ridge in this area is due in part to its capping

by the more resistant limestone ledges of the Park

city formation. The quartzite beds in the upper part

of the neber formation, imnediately below the Park City,
are couparatively soft and weather readily, ceusing &
depression between ths base of the Fark City beds and the
lower part of the Veber formation. The dip slopes of

the low front ridge ere composed elmost everywhere of
_Park City beds, and, &s & result of the erosion which

has occurre i, the phosphate bed winds up and down the
slopes betwsen the higher points of the hills &nd the
lower depressions along the valleys that cut almost at
right angles across the strike of the beds. The phos-
phate bed crops out through much of the area scuth of
Sheep and Lodgepole creeks and In the western part cuts
directly across Lodgepole and Birch creecks and Burnt
Fork. The phosphate beds are not well exposed at the
west end of the area, but farther east the entire series
13 well shown. On the northwest bank of Burnt Fork in
sec. 36, Te & N,, R. 16 E., & prospect tunnel has been
cut in the upper part of the cherty phosphatic 1imestone,
_presumably for copper. Two thin beds of phosphatic ne-
terial were encountered, but the main phosphatic bed
and sssoclated shales were not opened by the tunnel, and
it 1s probable that the prospectors falled to recognize
the phosphatic character of the material penetrated. No
measursment of the main phosphate bed or the Park City
formation could be made from any of the natural exposures.
The apprroximate position of the phosphate bed, however,
can be located from the position of the underlying and
overlying rocks and from the abundance of float along the
strike of the beds.

on the west side of Birch Creck in the S\ sec. 34, T.
3 Y., Ee 17 E., fragments of phosphate float were picked
up fer analysis. An attempt was made %o get 8 large var-
jety of fragments in order to represent the entirc bed
from wnich the materiel was derived. A4After being ground
togethor, &1l the materisl gathered proved on enalysis
(No. 29, p. 92) to contain 44.76 per cent of tricalcium
phosphate. On the west bank of Lodgepole Creck in the

Wi sec. 3, Te 2 N., Ro 18 E., where the irrigation ditch
has exposed the phosphatic shele series, a sample was
collected from a 4-foot bed near the base of the series.
This sample on analysis (No. 30, pe 92) yielded €7.28 per
cent of tricalcium phosphete, clearly indlcating the pre-
sence of high-grade phosphate In this part of the range.
Fartner east Lodgepole Creek cuts through the overlying
beds and exposes the phosphate bed in the stream in the
nortnvest corner of T. 2 K., Ko 19 E., south of Jessen
Butte. On the west bank of Sheep Creek south of the mouth
of Lodgepole Creck a sample of phosphate » ck wes collected
from e 2-foot bed. This sample represents e peculiar phase
of the phosphate series not generally present or at any
rate not readily observed, &8 it was seen for the first
time in the section on Lodgepole Creek, where the irriga-
tion ditch exposed the beds. Here, as well as on Sheep
Creek, the 2-foot bed lies about 10 feet above the bed
sumpled on Lodgepole Creek and is not as rich in phos-
phoric acid as the lower bed. The sample on Sheep Crcek
(No. 13, pe 92) contained 58.21 per cent of tricelcium
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phosphate, as compared with 67,28 Per cent from the
lower bed on Lodgepole Creek, Two othepr samples were

point 1s given in the section on pP&ge 53, and the analy-
8€s of the two Samples (Nos, 32 and 33) are given in

The first 15-mile Séctor of the bed is redrawvn as s broken
red line on the map insert that forms rage 71 of this report. Its
positions in the Imediate vieinity of the damsite are alsg superim-
posed on the detail plans sheet that 1s page 60 of this report. Tne
Schultz map does not show the dam ang its scale 1s too fine for ac-
curate transferals on the larger plat inserts previously designated,

Schultz shoﬁed the cuterop to eross the river at 3 points,
The upper c¢rossing appears about 200 yards above the proposed dam,
Below the dam 2 crossihgs éppear within a distance of 2 miles,

The récorded analysis of 59,92 pPer cent is for rock taken
at the upper crossing, If that content is satisfactory, & rock supply
at water's edge would be avallable for operating o Teduction works in
the City of Green River., o analyses are recorded for the lower-down
Crossings. Those roints would likely furnish the chespest ore Supply

for a plant directly adjoining the power house,

Type Section at Demsite

Only one geological section was recorded along the route of
the 30-mile 1ong'ph03phate bed. 48 1t was taken at tne criticsl dam-

site location, 1t 1g inserted beloy:

’ "Section of Park City formetion along Green River above
Horseshoe Canyon, in T, 3 N., R. 21 E.(unsurveyed)
Salt Lake meridian, ytan,

Ft. in,

Hassive ledge of limestone . P 15
Concretionary ledge of limestone ~ - . _ _ - 1
Phosphatic shales with thin beds of phosphszte

&nd bands of chert - - _ _ _ S oo o g i
Thin blaek paper-like shales - - - _ _ _~_7_ 1
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‘ Ft. in.
Phosphatic material (sample No. 33, P92} 3

24,88 per cent PpOg; 54.49 per cent Caz(PO4)e - 3 0
Thin black paper-like shales - = = = = - - = = = 1 10
Phosphatic materisl (sample No. 32, De g92);

27.36 per cent Pp053;59.92 per cent Caz(PO4)g - 4 2
Group of limcstone beds at base of phos-

phate beds = = = = = = = = = - - - - = - - - 400% "

The 4 ft. 2 in. bed of 59.92% phosphatic material is of
aufficient width for economicsl mining. The thinner seams of leaner

materisl may be disregarded at this time.

Limestone ﬁeposits

The recorded section indicates plenty of varieties of massive
limestone ledges suiltable for low cost quarrying at this favorable
- water's edge location. Sudr rock could be cheaply barged to Creen
River for volatilizing the potash rocks of that locality. Heretofore,

no limerock could be had at & low price in that city.

Analyses
The Survey bulletin tabulated 37 analyses for the Utah phos-

phate deposits. Only 2 were recorded for the 30-mile long main bed

cited in this report. Their listings follow:

Leocation . PglOg :OaS(PO4)2:Thick§ess
S#E Sec. 31, T.3 N., R.21 E.:27,36% : 59,927 : 4' - 2"
SWL: Sec. 3, T.2 N., R.18 E. :30.72% : 67.28% : 4! - O"

L few analyses appeared for float rock and the thinner and
leaner suxiliary seams that parellel the main bed. It would be best
to disregerd such figures., Their sppearance here weculd cause con-
fusicne

The first sample was taken from same quarter section of
1zand on which the Fleming Gorge dam 1s located in other publicatioha
of the USGS. The second was at a point 15 miles west of the dam. Its
analysis, 67.28711me phosphate, is tops for &ll samples of actual
ledge rock recorded in the bulletin regardless of localities.

No analyses are of record for the remaining length of the
30-mile long bed. Kone are necessary for such rock occuples too re-
mote lcecations feor exploitation at this time.

The cited analyses are plotted on the maps of this report.



The 67 .28% deposit would require & 12.mile haul over loecal rToadways
to reach the deep regervoir pool. The waters of the huge reservolr
would actuslly submerge tne lower levels of the 59.92¢ ledge during

211 periods of the year.

Reserves

on page 94 of his report Schultz sayss
npyery acre underlain by & horizontal bed of
phosphate 4 feet thick would yield approximately
14,000 tons and where the phosphate bed is
steeply tilted the amount beneath an acre 18
much greatere”

Only one of Sehultz's beds wWas selected for discussion in
this report. Its thickness is slightly in excess of 4 feet. In &
prior citation its dlps were recorded as --~"being 15° in some places
and neerly vertical in others.”

Hereinbefore, only the first 15 miles of the 30-mile long
bed was deemed of sufficient merit to plot on the map snserts. That
gsoctcr zlone 1s within seeing distance of the intersected damsite.
For caleulating Kational reserves the USCS uses & vertical depth of
4,000 feet. For the Wilderness region in which the cited bed occurs
only the tep 1,000 feet of varying slopg depths appears worthy of
calculations st this time. On that pre%umpticn 2,000 acres of inclined
material =2long & 1e-mile outerop would be completely underlain by &
phosphate bed varying from 4 fect to 4 feet, 2 inches in thickness.
The Schultz factor would indicate & total réserve of 28,000,000 tons
of phosphate rock in the bed.

The calculated vonnage gppeers to be of en economic mag-
pitude. As 2 mabter of fact it would supply enough rock to operate
the processing plant for which deslgns are filed herein for the next
200 years to cou€. 211 of this rock still soens tc be owned in fee
simple elther by the Federal Government or in lesser amounts by the
state of Tteh. At £1.00 per ton, the vsalue would be sufficient to
finance the construction of 2 dams the size of the Flaming Gorge,
and in sdditicn thereto, 2 phosphate plants of the capocity hereln
reconzended for construction. The 1atter underwriting wvould permit
a plent at each end of the 60-nile long navigational channel., One of
these could be located in the Clty of Green River and the other at

the intercepted dumslte 1tself.
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Lopraisal Varisbilities

A tremendously wide range of figures 1is already available for
filing appralsals on sizable phosphate rock depositas.

In an editorial dated August 1, 1938, a me tropelitan journal
severely censured TVA for paying $680,000 for 550 scres of phosphate
bearing lands. The tonnage of pay rock conizined therein was not men-
tioned. Records of phosphate beds over 3 feet in width are seldom ac-
credited to the state of Tennessee in Geological literature.

The bulletin, frequently quoted in present chapter, maps 7,000
square miles of ﬁhosPhate bearing lands in Utah. Apparently, that tract
is of considerable value. At the cited quotation only one Government
now operating under the sun could display sufficient gold stocks on
hand to buy it. Fortunately, such & transaction could be avoidedlfor
sald lands are already owned by the preceding Government, itself,

One of the major Feceral agencies is mandated by Congress to
cheapen the price of fertilizers. Basic equities of preceding megni-
tudes continuously expand in economic importance. In the end it may
prove cheaper for the Federsal Agency, aforesaid, to move it works, lock,
stock &nd barrel to a natursl site in the Wyoming locality; even if 1t
would decide to daistribute &£l1ll of 1its manufacturing output free of cost
to 211 customerse.

Oon fhe other hand valuation of all the phosphate deposits in
Utah is rated as low as {0.00 by some members of the Communlty Club.

Yo exception will be filed eagainst the appraisal that occupies the
celler poziticn on the scale. Tn some latitudes the wmineral ice re=-
presents a salable cormaodity. At this moment the ice fields of the
Aretic and the rock fields of TUtah belong in the same category. Both
appear egqually i1solated from developed transportational facilities.
lleasuring tennages and calculating valuations for either of the pre-

ceding types of deposits may still be regarded az equélly'harmlesa

pastines,.
Hereinbefors, ways and means were pointed out thru which a

rock seam in the Ttah wilds could be bodily transported to a strate-

gilcelly loceted, marketing outlet pbint at a cost of only a few pennles

per ton. The industrial development potsntial still unreleased in that
sincle seem mlght exceed all of the profits that would be harvested by

the conversion of the local river course into a big-scale irrigation

channel. w OF



CHAPTER IV
~—rehn 1V

LATEST DZ3IGNS FOR PHOSPHATE PLAINTS SUITABLE FOR GREEN RIVER SITES

hydroelectrical basin at Green River woulg Seenm to dssure g rich in-
dustrial future for that unique ares, As a matter of fact no thoro-
going, comprehensive, 1nd1vidualized, engineered Survey has yet been

c¢onducted in that 1oca1ity for any Srecific 1ndustry whatsoever. The

Irrigation V8. Industriel Lata

For 40 years or more state ang Federal agencles have daily
gaged the streanm flow of the Green River ang tributaries at 4 score or
more points in Wyoming. To date the number of thesge measurements nay

amass to 100,000 on the publie records,

of record on & geological formetion previously ¢stinated to contain
£28,000,000 in the form of P&y rock. Both analyses woulg likely suffer

rejection by an examining engineer, KNeither valye rmay prove sufficiently

have been financed by the 7, S R6clamation Service, exolusively. Hore
than 2 €4g¢ readings pre generally required before their designing €n=
Eineers stapt work at any particular site, Beforehang the starr might

ask ir the mir of measurements were taken during the high or low water

TVA completeqd phosphate reduction Works in the U.S.4. Elaewhere, plant
designs were preceded by costly Proscecting operations in every in-

stance,

The lessg said aboyt the 2 pPreviously citeg assays, the better
- Tl «



it may be to all concerned. In regard to their authentlcity, Schults
made the following statement, to-wit:
"In fact the appearance of the phosphate rock

can not be relied upon in selecting the richest

material, as the color, texture, and general

appearance ofthe rock are very deceptive and the

leanest-appearing portion may on analysis be

found to be surprisingly high in tricalcium

phosphate."

To this day no one seems to know if the samples of the Federsl
geologist were "high or low" grade rock. The laws of probabilities
would strongly indicate the occurrence of considerable tonnages of
both poorer and richer rock within the 15-mile stretch that intervenes
his two sample locations. Perhaps the presence of the huge ledge
itself would yet remain unheralded if both God Almighty and a farmer-
irrigationist had falled to cut water channels thru the formation at
the auspicious extremities sampled,

4 bulletin published 10 years ago rated the industrial possi-
bilities of the Green River basin above all other localities in Wyo-
ming. Its conclusions aroused but 1little local interest. In the mean=
while some tragical mislocatlons have transpired within the industrial
field. FHac that precursory material been followed up with technical.
accurate reports it is possible that the entire power output of the
Flaming Gorge project would now be consumed within the City of Green
River without visible objection by the local coal mining industry.
Later, room mey remsin for pointing out the depressing fates of one or
two types of industries that failed to move Into the Green River lo-
cality in the first place.

| In Wyoming, public bureaus conduct a 100 surveys and reports
on irrigaticn subjects for each inquiry undertaken of an industrisl
sites This aisparity i$ not to be bellttled. lNo state has yet proe-
duced a greater array of irrigation celebrities than VWyoming. Thé
preachments of its irrigation statesmen, jurisconsults, engineers =mnd
executives have long been woven into the basic fabric of the law of the
land. As a ccnsequence, irrigation expansion is generally insisted
upon evén to the exclusion of all other manner of development. Such
sentimentalitles seem to be preeminently safe in nost quarters of the

state. At only a few spots would the continued inviolation of long es-

tablished traditions lead to irreparable demape at some near or distant

1



date in the future.
Similar forms of conduct were recently in effect over

broad areas in the West. 1In some neighboring sister states the propa=-
ganda of the 1rrigationistshis rapidly being supplanted by the even
more glamorous outputs of publicly-OPBrated electrometallurgical lab-
oratcries, instlitutes of phosphate research and similarly sounding
titular organizations. At such centers 1t is no longer considered
good form for an expert thoroly schooled in one scisnce alone to con-
demn at random other types of wealth creating potentials that may yet

remain unexploitecd within his immediate environment,

Plant Designing Problems

The date i1s rather premature to submit designs for a plant
to process the blg, 2-Assay phosphate ledge that intersects the favore
ably located hydrosite on Green River., It would be well to postpone
that task until at least 1,000 mnalyses of the formation are svailable
for more meticulous consideration.

Prior chapters accounted for the presence of other phosphate
deposits in Southwestern Wyoming. The first and oldest mines in the
Western fields are located at Cokeville, Wyoming. In fact no distriect
in the VWest has yet reported higher grades of phﬁsphate rock than those
éo far encountered in the richer beds of the Cokeville area. From.that
vicinity known supplies of approved rock could be hauled by railroad to
Green River for treatment. That more distant rock could be processed
in that eity at a figure near the average cost that would prevail for
operations within the Inter-lountain phesphate provinee as a whole,
Green River must still be regarded as a possiblé silte for a phosphate
-works of the latest design.

Engineering progress in the phosphszte industry is far more
colorful than in the fleld of reclamation. A reduction prlant completed
a year ago might no longer be deemed practical for operation at a
highly specialized site, say like the one that exists in the City of
Green River. The complete group of TVA technologists continually
evolve newer and hetter methods for treatment of rock remotely located,
not only, from major markets, but also, from basic reagants formerly util-
1zed by the older processing systems. If substantial achievement had

not been made in this direction, 1t 4s doubtful if the TVA could be



induced to invade the promising Inter-kountain province at any coste.

Published Plans

work in the difficult and treacherous field of phosphate
plant designing must be entrusted to speclalists who have developed
backgrounds based on years of devotion to the solutlon of research and
operation problems.

Fhe journal that leads in the publication of up=-to=-date
phospha te plant designs is Chemical and Metallurgical Engineering.
Last yesr that publication awarded thair annual prize for industrial
advancezent in the chemical engineering field to a firm that comple ted
en unique electro-furnace for the production of thSphorus;

The issue of June, 1938, contains designs for a newer plant
that seems to be made to order or set apart for present-day operations
within the electrochemical basin at Green River. On few occasions do
technical journals release details and cost data of comparable in-
formative scope in regard to problems of plant desigm.

The editor of Chem. and Het. is S. D. Kirkpatrick. 1In &an
carlier passage HIe Rirkpatrick was 1isted as the chief disseminator
of politi co-technological information against pending proposals for
phosphete expansion in the vestern fields. At this point 1t becomes

" necessary to resort to his columns for last word information on ﬁodern
plant construction. For the present investigation Mr. Kirkpatrick
xindly supplied several copies of the report recently published in his
journsle Apparently, his editorial expressions on vleatern affalirs
gt1l1l remain vnchanged. |

Plans for the new plant were published in the article entitlec
__."pyll-8cale Production of Jie taphosphate Achieved at Wwilson Dam.”
Copies thereof are attached es Exhibit-A to this report.

The authors of the printed report are He A. Curtis and col-
leagues, the principal chemical engineers of the TVA project. Yote
that the cost analysis statements are not based on laboratory datsa;
but cn actusl operation of a full-scale works unit over the requisite
period of time., Figures of corresﬁonding authority are yet unavailable

for consultation on the rock analogues occurring in Wyoming localities.



Plant Capacity

Annual capacity of the proposed piant is recorded at 51,400
tons of metaphosphate. Its operation woulé increase national output
tonnage approximately 5%, That additional volume should be easily ab-
sorbed a4s some optimists predict a 10-fold expsnsion in phosphate con-
sumption in the U. S, 4. at no unduly distant date in the future.

Operations of the plant are based on the consumption of
154,950 tons of varying grades of Tennessee rock., At different sites
on Green Eiver rock would be fed into an identical plant carrying from
5 to E0% more phosphorua than the grades calculated for Tennessee,
Expenses cf operation in Wiyoming should be no higher than in Tennessee.
Yet, in one year's time the operator in Wyoming would produce from 5
to 504 more finished goods to sell than his competitor in Tennessee,
Directly at the bus bar on Green Rlver, phosphate rock could be mined
at half the cost figured for the Tennessee plant. Such material sav-
ings are of appreciable magni tude

In recent years seversl new phosphate plants have been com-
pleted in Tennessee, vhy design additional plants for thet inereasingly
pepular locality? Pretty soon only editors of Eastern journals will be
left to recommend Tennessee as the exclusive spot for safe Investment
in the phosphate field. More than geographical eriticism nay socn be
required to protect that strongly entrenched reglon from an invasion of
finished phosphates processed within the lower cost localities of Wyo-~
ming.

Power Consumption

The proposed complete multi-unit'plant of the Tvats prrincipal
chemical engineers is based on the operation of 4 electro- furnaces.
Drawlng power of each furnace is recorded at 5,500%w. The four to-

- gether viculd consume 29,300 of the 41,000 horsepowsr minimum that would
be generated at the Flaming Gorge hydrosite. To consume nearly all of
the power output it would be necessary to meke room for another unit

in the elsctric furnace building (see Fig. 6 for grounds plans of
complete plant.) Such & supplementary unit would 8lightly reduce ex-
penses in overhead operation,

Aprparently, the selected plans could well be used for build-

ing a processing plant in Green River City. Yo major improvisations
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would seem to be Sugrestible at this time., 1In formulating their ideas,
the designing engineers of the TVA stayed well within the 1imits of
power output capacity at the Flaming Gorge site., All mist admit that
the recently published plans of the TVa Technological staff were riore
closely tailored to fit the picture at Green River than any other hydro
site in the Rocky Mountain west.

In the opinicn of this writer an initial 4-furnace plant
would reet all requirements at the Green River site. The latent power
resources of that locality are of a too priceless value to exhaust on
nothing more important than the production or me taphosphates, Neverthe=
less, construction of such a plant would cause &n invasion of numerous

chenical engineers into that long dormant locality. while ambling over

laboratery bench would dcubtlessly be brought back‘to mind., TUntil the
many unusual minerals and powerful reggents abounding in that locality
are duly weighed for spot conversion into finished products, the true
Intrinsic value of the countryside wila 1likely never see the real light

of d=ay.

lletcrhosphates are only & minor ftem that could be produced at a lower
cost in Green River than at caompetitive points w¥ithin the U,s.4. In
several localities thruout the world the fertilizer industry is closely
tied to more important fields of chemical endsavor, In this report
plant construction costs are nerely regarded as the Initial spark re-
quired for setting off a survey of sufficiently exhaustive dimension to
set out the real potential weslth sti11 reposing undiéturbed in the

Green River basin,

Cost Comparatives

for g site other than Green River, Their discussion discloses authori-

tative operating costs in Tennessee as of June 1, 1938, Their analytical

present investigation, At last engineers of the Green kKiver community
can meke their own comparisons between local eng Tennéssee figures on a

variety of raw materials costs,



Rock Supply

The chief expense of plant Operaﬁion in Tennessee is ore sup-
ply. That item is listed atl 20,414 of the total cost. In Wyoming that
figure should be cut in two at the outset.

The ore supply situation seems to be more complex than what
would exist in wyoming. In the southern locality 2 different types of
rock are smelted., Refore & comparable can be filed with the one type

available in Wyoming, considerable matter must be retebulated, to-wit:

Phosphate Annual Analysis Ton Annual Total%
Type’ Tons FoOg Cost Ces t Cost
Nodules 126,350 24,5% £3,50 $442,226 22,50
Lump Rock 28,600 33.0 4,75 135,880 6.91
Totals 154,950 #26.0% 2$3.74 §578,075 29.41%

% Average for Annual Tonnage

To operate the designed plant would annually require 154,950
tons of Tennessee rock carrying 26% PoOgzat an average purchasing cost
of (3.74 per ton.

Iﬁo phosphate rock has been procduced 1n Viyoming in the last
6 yesrs ormore. It is cheaper to run a phosphate mine in Wyoming. The
workable beds are from 32 to 1007 wider than those in Tehnossee. Lat-
est available costs in Testern fields is recorded on page 29, In 1936
a Montana mine 1s cceredited with the production of 40,345 tons of rock
at the mirne valuation of §1l.80 per ton of 2,000 pounds. In Wyoming
surciy 4 times that annual volume could be mined at {1.87 per ton which
is just half the cost calculatéd for the proposed operstion in Tennéssee.

Tn the incomparable completely self-sustaining electrochemical
basin of the Green River, {l1l.87 means rock FOB at the bus bar. To reach
that cbsolute rock-bottem figure it was hitherto essential to seek out
a hyércsite that directly intercepted 2 sizable bed of phosphate rocke
On page 93 rock from such a site is tabuleted. The first line listing
discloses s 4 ft.-2 in. seam at that point containing 27.36% PoOg (phos=
phorus pentoxide) the vital fauctor consumed by plant 1ife. Note that
the Tecordsd content exceeds the drastic stipulations of the TVA en-
ginesrs by 1.269. That safety margin would yield the prodncer at
PleringCorge an extra 5% profit.

Seversl years age & distinguishoq editor warned the consuning
public on the futility of expecting Pg0sg production at {40 per ton

within the near future., That day hss not yet arrived. In the mean=
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while the TVA seems to have approached the desideratum closer than any
other concern that publishes facts and figures. See their $46.65 net
cost recorded in the concluding sSunmery on.attached Exhibit-a.

It 1s not hard to make a ${40-price calculation at Flaming
Gorge by the help of the fiéures recently published in the cited sum-
marye. Merely cut the total mining cost percentage (29,41%) 4in two and
by adding the 5% production increase st thut point a credit of £9.19
results. The subtrsction indicates PoOg production at $37.47 per

ton at the damsite on Green River.

Stronger Report

4 recent letter directed a stronger phosphate report in
favor of Green River., 4 project that would use lots of coal was also
loglically suggested.

It would be possible to barge the rock from the damsite to
towvn for {2 per ton at least during one month of the local navigation
seascn. NoO serious objection would be filed against that price differ-
entlal by an agency expressly mundated to lower the cost of phosphatie
procducts. Private concerns also would doubtlessiy prefer a site on
the ¥ain Street of the Nation to 2 locstion previously cited as an
"Unexplored Wilerness." Fyrthermore it might prove difficult to re-
tain an operating force within those pathless solitudes for any undue
duration. Obviously,the cheaper site for = plant would be at a point
that already provides all of the civie betterments usually available
in & modern and civilized municipalgﬁy. 4 tailor, ﬁowever, must cut
his clcth to fit the pattern.

So fer no desires have been openly expressed far g high ten-
sion line to come into Green River. The entrance of a navigation chane
nel Iinto towmn weouléd likely be even more bitterly opposed by local irri-
gationists, Unfortunately, the flow of the river is no longer adequate
for both phosphete and irrigaticn exploitation on & big-scale basis, Toe
day, no representative of a Federal or private organiiation now menu-
facturing phesphates would approve the city as a plant site until the
preceding englneering groundwork was nearing the completion stage. A
year ago lccal requirements would have proven to be far less objectionable.

Coal fired phosphate plents are no longer built., All new

plants are electrothermically operated. Some years back a fuel fired



furnace wss built in Green River for volatilizing potash rock. The
temperature of the green electric spark is still considerably hotter
than that of the ordinary blast furnsace.

The Znd most costly item for operating new method plants is
power supply. The local mines are ecguipped to deliver coal on any vol-
ume basis demanded. The main difficulty is that corporations no longer
build steam power plants for the major industrial narkets, Their charges
range from 200 to 300% higher than the rates filed in the attached de-
slgns of the TVa engineers. The differentisal would soon bankrupt a
broceéssing concern relying on steam for its local source of power supply,

Phosphate smelting is an energy consuming procéss. The new
method industry wants lots of power but it wants it as cheap a8s possi-

ble regardless of the medium from which it is generated.

Cokeville Rock

The most authoritative geological volume extant on Western
phosphate deposits is USGs P.P. No. 152, It was published for Idaho
deposits, Hevertheless, the richest deposit tabulated therein is
situated across the line in Yyoming., It is the 6-foot bed of 8414 of
Caz(P04)g accredited to the Cokevillie district on puge 288,

' 6riginal intent of this investigation was to ship foregoing
rock inte Green River for precessing with a power Supply from the
Seminoe Dem, That energy is already sold. The selection of a sube
stitute power site and the location of new sources of rock supnliy di=-
rectly contiguous thereto has already caused a 2009 eXpansion in the
contract length of this report. all of these complicetions could have
been avcided. As early as 5 years ago the impcrtance of adiverting an
appreciable share of Semince Danm power intc Green River was duly broad-
casted. liiany benefits would have followed such provision. Irrigation-
ists would not 1likely object to tne arrangement and many pages of dis-
cussion on an irrelevant subject conld have beén eliminzted herefrom.

Rock from the original Cokeville bed could be delivered in
Grecn Lilver at (2,74 per ton. That is the price recorded in the new
plant designs of the TVA engineers. Its reduction in Green Piver would
attrapt far widor attention than the average operation in Tennessee,
The Tyonming rock carries 50% more P205 than the figure published for the

propcsed plant in Tennessee. If power supply charges are also identical
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in both states, the processor at the Green River site should soon dis-
cover certeln underlying factors Qorking in his favor. At nearly the
seme cost of annual operation, viz, £1,569,844, the Wyoming plant
should turn out 50Y% more tonnage in finished goods than 1ts competitor,
situated within the increasingly popular Tennessee locuality. That
extra million in szles slips would wmore than pay sll freight bills

even if all of the plant output had.to be marketed exclusively in those
states that lie at the remotest possible distances from Viyoming.

In Tennessee, processing companies seem to be inereasingly
finicel In selecting sites for new plants. The current practice calls
for a location within a suiteble roeck producing district slready hookede
up with a Federal'powerline. Had such preliminary prerequisites been
locally staged as late as a year apo, a processing company would al-
ready be bullding a plant at Green River or some like favored spot that
seems to be few and far between within the boundaries of the Tnter—
fiountelin phosphate province.

In the next 5 years a considerable surplus of cneap hydro
power will likely flood the markets of nearly all Western states aside
from Tiyoming, Thus far power consuning industries seem to display an
interest in only one type of towns of the New YWest., Some local resi-
dents can already point out certain communities within the great phoa=-
phate belt that are now clamoring for the rock bottom rates on & nag-

net possessing no more drawing power than New Deal Hydro Pover,

Power fost

The final sumzary in Exhibit A records an annual operating

cost for the proposed plant in Tennessee at 1,569,844, One-third of

ci
ful

hat sunm ({537,840) 41s allotted for power cost. Another third, pre-

5

-
O

usly recorded at {578,075, was asllowed for rock purchases. The re-
ma&lnlng third accounts for the local payrcll, minor raw materials, and
elsc, texes, interest, 1nsurance; maintenance, deprecistion and other
general administrative miscellanfies., o discussion need be filed on
the finzl thaird subdivision. The veriations for the seversl 1listhpgs
would prove inconsequential regardless in vhich steate of the Union the
newly designed plant is first built,

Preceding picture strongly indicates that only 2 factors are
basically essential for the location of & low-cost phosphate plant. It
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appears that power supply now rates 50/50 with rock supply cost.
liany tovns inslide the vast phosphate belt can supply edequate quan-
tities of rock. Other towns many miles outside of the belt offer
plenty of power ot even lower costs than the retes recorded in the
Tv4 estimate.

| Is there eny town inside the belt that can supply both rock
and power at attractive ccsts thet 4s really in the market for & pro-
cessing plant? Obviously, such & tovn must first be disinterred befecre
operating companies will display further intercst in regard to the
1imitless commercisl possibilities of the grestest phosphate fields
yet unbared in the world. lieny towns both inside and outside of the
belt have offered sites fer phosphate works. Plants could affcrd to
operate &t m&st £11 of those competitive points 1f first granted sub-
sidies varying from {100,000 %o $500,000 annuelly. Thus far the tech-
nical staff of the TVA has failed to disclose any undue interest in
optimistical inclined localities able to provide but onc of the 2 pre-
1liminary prerequisites that are so essential for a profitable adven=-
ture into the phosphate field of endcavor.

Total annual power consumption of the pronosed plant 1s re-
corded at 191,200,000 kw=hr, The supnly is about-equally divided be=
tween firm and dumn power. The rates descend from 4 to C.6 mllls,
and the snnusl bill is averaged at 2.8l mills per kw-hr. It is ex-
tremely doubtful 1f any tax-paying unit will ever sell either hydro
or stesm power within the Green River basin in competition to the pre-
ceding rate structure.

No underground mine will likely produce large volumes of
cozl ot lower costs than the D. O. Clark; the most modern of all West-
ern nines. The nining and electricel engineers of the local mining
organization should exemine the power rates recorded in the TVA esti-
rates. If steem power could be sold at foregoing rates, more than one
phosphate plant would soon be built in the Green River locality. The
orocessing costs would be sufficiently low for the plant outputs to
enter naticn-wide markets.

power could be developed at a lower cost on the fundamentally
dynamic Green than on the Tennessee River., Civil engineers now prac- |

ticing in Swectwater County need only glence at the Profile Sheet filed
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as page 64 of this report to revindicate that allegation. The grad-
sent of tne Grecn is far more precipitous than the Tennessee; anC along
the latter channel, no vertical chusms of apparent knife-blade thinness
do appear. For high static head construction, one cubic yard of en-
gineering material on the Green would reach as high as 4 or 5 yards
on the wider and les; torrential channel already harnessed in Tennessee.
In recent months much eriticism has been heard about the

"yardstick " used to measure power rates on the Tennessee River. Appar-
ently, senatorial inquisitors have thus far failed to ascertain if that
stick is 1R-inches or 3-feet long. No short yardstick would have to
be emnloyed for establishing power rate structures at sites 1ike the
Browvn'!s Park canyon superimposed on the preceding Profile Sheet. At
such local supernatural sites hydroc energy could be developed at the
lowest possible cost in the entire Inter-Mountaln phosphate province.

| The room-high stacks of maps, gagings, hydrographs, reports
and other factual statistics that irrigation engineers have thus fer
accumulated on the Green are of but little value for calculating actusal
power development costs along that channel, Guessing that the latter
expenses would be no higher than those prevailing for the Tennesasee
River, the power rate structure recorded in Exhibit-A designs will be
held to zpply to both streams.

Citable precedents are still few and far between in theose
less popular fields of Investigstlion. Instead of the 1 st horsepower
alreacdy being harnessed, the latest USGS publication mentions that only
1,850 hcrsepower of a 760,000 potential is so far doveloped on the
river snd its tributaries. Green River cffers apparent advantages for
the location of a phosphate reduction works. /Aslde from rock supply
ccsts, it is still @lfficult to contrast loesl superioritles by the aild

of the mathematical language.

Coke Costs

Coke bills are recorded at only 3.93% of annual cost of oper-
stion for the proposed plant. Coke costing only {1.62 per ton would
be delivered at the Tennessee site for {3.38 per ton.

The Wyoming rock carries from 5 to 50% more PgOg than its
Tennessee analogues. To recuce the richer ore, correéponding increuses

of coke would be required. Furthermore, ordinary coke costs consider-
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gbly more in @Wyoming. In his latest 1938 report Pike estimates the
cost of coke at Green River at $8.34 per ton. His material would be
rmostly made from local coals.

If petrolcum coke can be used in the process, its cost in
Green LRiver would be &round {6.80 per tcn. The thermal und reducing
value ci this ash-free matcricl 1s nearly double thut of ordinary
cokes. Accordingiy, less petroleum coke may be required at Creen
River than coke breeze in Tennessee. The bill for coke at the Wyoming
site mey range from 5 to 107 of the annual cost of operation.

In the electric furnece process coke only plsys the role of
a reducing agent. 1In the blast furnace me thod it must in addition
thereto produce the temperztures requisite to smelt the rock. The
latter process steps up coke consumption around 500%. In a report
published in November, 1929, in Chem. & Met., Vice President Klugh
of Federal Phosphorus Jo. recorded the b.t.u consumptions per pound
of PgOs produced at 9,213 in an electro-furnace; and at 45,000 in a
blast furnace. In other reports coke bills sre recorded as high as
66% of the total cost for blast furnace operations. In the Green
River district the percentage ratio would even mount higher. Only
the new method processes of the TVA and its predecessors would ap-
pear to be practical at the local site,

The Federsal company ploneered in electrothermzl practice.
Klugh further reported that fuel economy is attained by directly con-
verting ccal into electric energy rather than using far greater vol-
umes for menufscturing the cocke supply required to fire blest fur-
neces. His steam powsr electrothermal plant was located at Anniston,’
Ala. Incidentally, coke 1s available at thaet point at only a frac-
tion of the rates yet procurable in Green River.

It is no longér necessary to resort to either the coke or
acid methods toc process phosphate rock at & low cost. lNelither one of
the preceding commodities yet abound in the CGreen River region. Today,
only one problem confronts Green River. Underwrite a sizable power
development program first of gll, If the price is right it would prove
immaterisl i1f the preceding groundwork was financed by the New Desl

or by the coal mining companies of the locsality.

Coal Cost

Cost of coal is recorded at (3.25 = tén for the proposed
- 108 =~
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plant in Tenncssee, The Pike estimate 4g $2.50 a ton, Fom Green
kiver. Tuis lover coal cost would not offset the higher blils fop
coke that would prevail in Wyoning localfties,

No further rgy materials biils gre tabulsted 1n the cost

Summary of the Tva €ngineers,

Federal plant
Operating €xpenses of a Federaj prlant should pe much lower
in the #yoming=-Utah fielg than.in the Alabame-Tenne ssee district. No
rock would have to be purchased}for ir the loecal field the fovernment

alrezsdy cwvns many millions of tons of that lowly cormedity, fThe po-

exceed the cost of plant constructicn by fully 50 times, For operat-
ing Federal plants at the lowest cost, no sites anywhere in the country
would surpass those previously described for te Green River localities,

It is time for the Federal Oownership factor to be utilizeq
LOT lowering the cost of phosphates to the farmers., 1p Yyoriing the
Government alse owns all types of fuel deposits, Yet the frequently
cited Summary is of little value_for Srriving at the trye cest of g
Federel operstion in Wyoming. fnat comrercial table i1s loaded down
with numerous intangibles or apprecliable magnitudes. 211 of them wonla
be subtracted for the benefit of the farmer by a Federal eperation 4n
this ares.

Taxes and Interest &re more tangible fzctors thst weuld algg
largely suffer elimination from & cost enalysis sheet Tiled for g
straight~through, From Raw-rock - To - Finished-product Cperation of
the Federal Government, Farmers never will obtein cheaper phosphates
untll zultifold fons of front-office, overhead operating non-essentialg
&re parsd clear down to the bone, preferably within »o duly qualifieqd

valley in fyoning.

-

A Technological Triurmph
The proposed plant is designed to nanufacture the latest pro-
duct of the VA, a high-power fertilizer containing an avajilable P20sg
ccntent of 6S.47, ne new concentrate carries a 2o higher efficiency
rating than the 50457 P2Ogs magde by the TVA ang cornpetitive concerns
up to a year az0. |

Cost of manufacture of the newest product 1s several dollersg



higher per ton than the phosphates formerly solde Jevertheless, one
of the.tabulations in attached report discloses a minimum gaving of
(8,89 per ton for the new type of phosphates delivered on tho farm.
In the final gnalysis the farmer now receives the equivalency cf 10
tons of phosphate at the cost he paid for 9 tons & year 3§0e.

The latest triwmph of the TVA technologists was widely
nerclded in the preas despatches of last lay. The announcenment has
already producec noticeable effects on the editorial pagCe. Far less
criticicm has since pecn heard on the remoteness of the Western phos-
phate fields for possible commercial exploitation. vanifestly, the
nigher ths degrec of value concentruated into fertilizers, the farther
such preducts wiil travel from thelr point of nanufacture.

Googruphically gpealting the nevly developed process of the TVA
nag bodily meved the C1ty of Crecn hiver ab least 10% closer to the
major comsunming centers of the lation. That distance is appreciable.
?or invading ﬁ&ﬁionul markets, & prior statenment 1ndicated thut Green
niver alreacy stunds 532 miles out in front of competition thus iar
e3tablished in thc wastern field, Thonks to a distunt industrial
asehievement, the phosphate ¢xpansion picturc at Green River is consider-
ably brighter toduy than 5&8% &S late as_une year apo.

From now on members or the Cormaunity Club can loftily ignore
vhetever editerial spinach blg rmetropolitan journals nay continue to
cast in the diycction ol shelr oo strategleally situated loeality.
1y, a major scvancenernt in sclence nas measurebly diluted the
effects of cetractory words rocently hurled against the merits of the
estern phosphatle fieclds as & whole. |

sizxty=-five point four doubtlessly represcnts the ultinmate
pexbmunm degrec of efficiency that can bo built inte fertilizers processed

in, the Tennesscce River valley. In the Greon niyer velley 65.4 would

)

be ithe st

L) ]
P

.rting point minimun for the higner powereca manuiacturcs
significant of ithe cormrmnity. For cnlr in the onc snd complete elec-
trochemlcal basin coiid the TVA OT &ny othsr similerly inspired tech-
nological crganization step up the efficicney ratings of processca

fertiliasrs ano caaditicnal 207 fron raw noterials cceurring &t a single

spot.



CHAPTER V

POTASH ROCK DEPOSITS

Foreword - Geology = Mineralogy - Analyses - Roeovery ’
Investigations - Smelting Processes = Indicated Efficlency
Rating Tabulation-"X" Method - Bureau of Chemistry Processes -
Pike Process - Supplemental Process - Manufacturing Costs -
Faderal and State Investigations - Surmary

Foreword

Few nations contaln extensive deposits of potassium, phos-
phorus or nitrogen compounds. These elements form the grand trium-
virate of mineral fertilizers consumed by plant 1life.

Up to the time of the Great War, the world had to rely on
1 ron-clad monopolies for its supply of two of the preceding elements.
Since that time a major scientific achievement has freed all ma jor
powers from the nitrogen monopoly long operated by the Chilean Govern-
ment. More recently other factors have served to impair the control
that the Imperial German Government once exercised over the potassium
markets of the world.

A growing number of chemists no longer regard & direct appli-
cation of nitrogen salts as essential for maintaining soil fertility.
Soils containing adequate amounts of potash and phosphate now seem to
be capable of manufacturing their ovm nitrogen réquirements. Unfor-
tunately, extensive deposits of the two mineral foods yet remaining
indispensible, are ususlly separated by some thousands of miles. As
a pesult, all nautions continue to rely upon distant over-seas shipments
for large supplies of one or both of the preceding minerals.

A unigue situation seems to exist at Green Rlver. 4n in-
Spection of the map on page 71 strongly indicates that Green River is
the one point in the world where huge deposits of both notash and
phosphate rocks could be hauled to town for processing at a cost of a
féw cents per ton. Flenty of sites seem to be available in America
as well as in the rest of the world for the manmufacture of either
potash or phosphorus compounds. Thus far only one point is lknown to
possess all of the potentials required for the opcration of a com=-
pletely integrated fertilizer industry. That extraordinary focal

point 1s Green River, Wyominge.
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Geology

The map of the local electrochemical basin on page 71 shows
that the largest potash rock deposits in the UsS.A. approach Green
River within a distance of 9 miles, That nearest deposit is Pilot
Butte, one of the 20 volcanic necks and lknobs of rather bizarre appear-
ance that spectacularly adorn the 350 SqQuare miles of highly individ-
nalistic desert scenery locally known as the Leucite Hills,

In 1912 the U.8.G.S. published Bulletin Ko, 512, entitled-
"Potash-Bearing Rocks of the Leucite Hills, Sweetwater County, Wyoming,"
Its joint authors were Schultz and Cross, Therein, the welght of the
available leucite rocks was totalled at 1, 973,496,177 tons. Their
potash and alumina contents were each recorded at 197,349,617 tons,
Those combined weights were estimated at 207 of the total rock mass,
itself. 1In point orf volume, no domestic Teserves of potash or
alunina approach the tonnages yet unisolated in the molten lava ex-
trusions that formed the Leucite Hills or Wyoming some 40 or more mil-
lion years ago.

Rock primaries of such high potash content seldonm appear in
any portion of the Globe, Their geology has fascinated acadenicians
for maeny years past. Conventional descriptions of these rocks may well
be disregarded at this time. The composition of these lava flows are
about as uniform as a batch of glass, Furthermore, no scientist has
yet questioned the exhaustibility factor of these tremendous deposits.
However, the transformation of these huge masses of unpayable rock into

profitablc ore does not belong to the province of geology,

Mineralogy

Mineralogical literature accunmulated to date on the loecal
potash rocks is of sizable dimension, Their external characteristics
and microscOpic features are best.described in the cited USGS bulletin.
Various authors use different nsmes for these rocks. The dense, gen-
erally reddish rock consisting of leucite, diopside and mica 4s now
calied Wyomingite. The nome is appropriate for no very similar rock

is known from any other part of the world.,

Analyses

About 20 partiel and complete analyses were published on the
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that also occur in the loeal reglon. The potash and alumina varia-

tions are al1 within 2% of the average contents previously recorded,
The silica in the lavas averages 53%, Deviations from the

preceding mean are not over 3% in the analyses of record, One-third

of the silica is in the free and uncombined form, Several processes

flux to smelt the basic phosphate rocks of the locality, .Obviously,
their efficiency ratings are somewhat below the silieca gravels now
used at w1lsoﬁ Dam, Several Cconpensating values would hewever be
Yielded by the Wyoningite substitution,

The Orendite, No. 6 enalysis appears slightly more attractive
for locel smelting practice than other materigl tabulated in the UsGs
bulletin, Some of 1ts leading values follow:

Potash 11.91¢
Phos. 0xide 1.59
Aluminsg 10.16
Iron QOxides 599
Titanie Acig 2,67
Silica 54,17
Linme 4,19
Magnesia €.62
Nag{), 803, FI; )
Ho0, et al. ) e
Total 100.21%

The preceding potash content slightly exceeds the 11,31%
recorded in USDA, TP, #543 for Wyoming rock smelted in Washington by
the Bureau of Chemistry, Plenty of rock or foregoing grade remains
in Wyoming for further smelting,

Hote the appreciable phosphate content in the potash rock.
The Wyoming phosphate rocks also contain minor emounts of potash,
Slightly hizher reecoveries could be expected from such admixtures in
> the furnace., Ferric oxide 1s glso present in the Wyoming phosphates,

Past investigators useqd 2 tons of potash to 1 ton of phos-
phate rock in their furnace charges, Such nixztures would vleld higher
ferrophosphorus values than now recovered in Tennessee, The latter by-
product apparently finances 157 of the cost of operation at the Tya
plant,

The presence of 2.67% t1tanium dloxide in the local potash
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rocks is of some conjectural interest. That metal as well as minor
amounts of vanadium and chromium are present in the phosphate rocks of
Wyoning. At the temperature levels in which phosphate rocks are now
smelted in the electric furnace, all of the preceding ferro-alloy
values would likely be lost in the slag. Recently some progress has
been mede in extracting low vanadium contents from the slags of German

steel works,

Recovery Investigations

Scholars of the past frequently sought to release the potash
values contained in the highly refractory Wyomingite rocks. More than
one doctorate degree has already been awarded for the solution of that
problem on the laboratory bench.

Exploitation for the poﬁash content of the local lava rock
has z2lso been the subject of meny pstents and processes of widely di-
vergent character. Some of these schemes look good on paper. Thelr
commercialization, however, has hardly passed the state of disorder
and jumble that confronted the phosphate émelting industry, say, as

late a3z 10 years 8go.

Smelting Processes

A number of papers are already available on the smelting
of wyomingite. In some investigaticns only the latter rock was
placed in the blast furnaces In other instances it was combined with
the phosphste rocks of the locality. Scme of the processes consume
tremendous volumes of raw materials. Such systems are only of schol-
astic interest. In the following tabulation the varylng raw material
requirements of & local blast furnace investigations ere compared to
the perfermance of the latest type of electric furnace used by the

TVA for smelting phosphate rock, exclusively.
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INDICATED =FFICTUNCY RATINGS3 FOR SHELTIHG PROCESSE

¢ Minimum Raw Materlals Requirements :
tElectro-: . :
sFurnace : Blast Furnace Systems .
Me thod : TVA ¢ X :U,3.Bureau of "
i : ° : s Cﬁemistry & Solls: Pike:
Ton of t PgOp  :KPOz :KPOz : Kp0 :Pp0g ¢ KPOazt
Product : 65.4% 1 83% : 837% : 100%s 100% : 92%:
Haterial (Tons) :
Potash Rock s : 2,89: 3.26: 10.03: : 160: = _5(:5ﬁ’
Phosphate Rock t #5.,01 ¢ 1.60: 1,53: 1%3.68 ¢ 201: >t
Coke ! -3 : 1.54: 4,07: 2,00 : 150: -
Coal 5 ¢ 2.50: - : 4 ri R
Limestone 3 : 2.06: 2.57: 9.11;: : :
Silica Gravel : : $ 3 : 0.99 -
Calcium Chloride : - : 0.43: 1.29: g Ju-e
Total Tons t 3.42 : 9.55: 9.33:24,50: 6.67 :**7,56;
#¥Indicated : : 3 : : : :
Efficiency : 100% ¢ 46% ¢ 474 : 219 : 189 : 649
Rating $ : - : : : :

“Tennesee rock used. Wyoming equivalencies available
#%*Includes Potash Rock used in Supplementary Process
#*#%Based on 1004 Plant food Content

Foregoing table discloses that 3.42 tons of raw materisl
produces one ton of finlshed product in the electric furnace. In the
blast furnace from 6.67 to 24.5 tons are required to make one ton of
the higher grade fertilizers. As tabulated, the electric furnace
seems to be from 30 to 5007 more efficient than the blast furnace in
regard to tonnages of raw material consumed,

Criticism may be filed against the method used to establish
the efficiency ratings of the several furnace systems listed. In
smelting economics input costs nearly approasch output sales in factors
of basic importance., For some listings the raw materials cost would
exceed the value of the finished product., The preceding tabulation

should automatically exclude such processes from further consideration.

"X" Method

Published reports are attached hereto for 4 of the 1lis'ted
blast furnace investigations. The remaining X method 1s described in
a letter report that was addressed to a former Senator of Wyoming sev-
eral years ago. As the latter communication covers basic principles
with the fewest words and calling for the widest use of local raw

nsterials, s copy thereof follows:

~115~



R 334
"Dear Senator --~--- :

Pursuant to our brief conversation of Saturday, and
in compliance with your request that I provide you with our
estimates of what 1t would cost to produece potash from
the mineral wyomingite, I submit the following representing
a calculation based on our experimental results.

A fertilizer blast furnace is proposed located at
Superior, Wyoming, and designed to smelt the locally avall-
able potash-bearing rock (wyomingite), using loecally avail-
able soft coal, There would be required two additional
raw materials to be brought in by rail, (1) phosphate roeck
from Georgetown Canyon, and (2) limestone from Rawlings.
Both are delivered to the plant by short rail haul bv the
Union Pacific.Railroad. The cost per ton (2000 1bn.¥ of
these four raw materials delivered at the furnace, includ-
ing freight on phosphate rock and limestone are estimated

to be :
Wyomingite rock (12.76% potash) $0.90
8oft coal (47.5% fixed carbon) 2,25
Phosphate roeck (3l.5% Pg0s) 3,76
Limestone : 2,75
The product shipped to the fertilizer market would be phos-
phate of potash (monopotassium phosphate) containing the
following plant food values:
: Available phosphate 50%
Available potash 3542
Total plant food .
A furnace to manufacture 200 tons,per day of this phosphate
of potash 1s estimated to cost $350,000 erected, The mater-
ials required per day would be

Per da Per wyear
Coal %00 tons  TEO-000 tons

Wyomingite 578 173,000
Limestone 514 154,000
Phosphate rock 320

96,000
575,000 total annual

_ tons
The cost per ton of potassium phosphate would be:
Per ton of produet

2.5 tons coal at *2025 35063
2.89 tons wyomingite at $0.90 2.60
2.56 tons limestone at $2.75 7.04
1.6 tons phosphate rock at $3.,75 6 .00 |

Cost of raw material(f.o.b.furnace) $21.27

The pay roll would run $500 per day. An annual capital
charge of 21 per cent to cover taxes, interest, amortiza-
tion, depreciation, and obsclescence, would amount to $245
per day. These charges per ton of produet are therefore
$2.80 for labor and §1.23 for capital.

The cost of the product at the furnace totlls, per ton

Raw materials $21.27
Labor 2450
Capital 1.23

It 1s estimated that the freight from Wyoming to Atlanta,
Georgia, will be §10.50 per ton in carload lots. The cost
of produet, f.o.b., Atlanta, is
*25.60 fes0.b, furnace
10,50 Freight
® per ton
The present wholesale price of the fertilizer materials,
phosphate and potash, as guoted on favorable low-price con-
tract to the manufacturers of mixed fertilizers for the
lowest grade and cheapest materials is
Superphosphate (16% phosphate) at §7.90 per ton Atlanta
Muriate of potash(50% potash) at $35,00 " " .
Per ton of plant food, the price is
Phosphate, §7.90 divided by 0.16 $49.30
Potash $35.00 divided by 0.50 70.00

-116=



A ton of phosphate of potash 1s worth, thorefore,

507, phosphate at §49,30 . §24,.65
3%.2% potash at 70,00 23,20

Value of product in Atlanta 47.85
Cost of product in Atlanta 35450
Profit per ton 12,35

Profit per day, 200 tons x §12,35 c©2470
Profit per year(z00 days operation) 740,000

Time required to pay for plant investment of {350,000 & ménths,

20 days

4Ltlanta approximates the center of the present fertil-
izer industry., fThere the conpeting products sre the cheapest
and the freight fron ¥yoeming the highest. The legical mar-
ket for the Wyoning market is the great agricultural middle-
west,

Wyoming has large deposits of phosphate rock, However,
the nearest deposit of high-grade rock of which we have
detailed information is at Georgetown'Canyon, Idaho.

Flgures such asg these, T adnit, do not fing ready ac-
ceptance without gn actusgl demonstration, We are now gt-
tempting o demonstration, not on any commercial scale, of
course, but we hope on g scale large enough to warrant
private capital 1in proceeding with its own demonstration,

If I can provide you with additionsal 1nfonnation,
please command me,
Very sincerely yours, "

£ copy of the foregoing report was received for an invest-
ment analysis, SéVeral of its conclusions sre of a far too optimistic
veln to warrent an extendsd review,

The forecast that 83% potassium phosphate can be produced
in Wyonin; or elsewhere at %2Z.C0 per ton seems premeature to say the
least. ifote thet no less than (21.37 of that Surm was totalled for
the cost of raw materials, alone, Only £2.50 was allowed for the
payroll. To meet the goling wage-scale, the latter Tigure would have
to be multiplied by at least 5 times, The ridiculously low capital
charge would suffer an expansion nearer 10 fold. In the forecast
nothing at all was allowed for taxes, depreciation and other costly
items or cperation,

It would seem chearer to manufacture fertilizer by the
¢lectric method listeq in first column of the page 115 tabulation,

By that process 3,42 tons of raw material ylelds one ton of finished
product, The tabulated X method requires 2 times that volume, The
labor and capital charges for the smaller plant have already been
fully recorde.. Obviously, the handling und overhead expenditures of
the bulkier proposals would bs proporticnately higher, |

worst feature about the mxn scheme 1s the 4.16 tons of

Idaho phosphate rock and Rawlins limestone that Composes nearly 50¢



of the furnace charge. 4t the hydrosite on Green River such rocks
would serve for the foundation course of the furnace itself, Such a
location would completely elininate the raw material haul of 576 ton-
miles required by the "x" proposals, That saving would suffice to
haul the finished product a long ways into conpetitive marke ting
territory,

The necessity of locating a non-subsidized reduction works
on a2 spot in the Inter-iountsin phosphate province that provides by
itself 88% or more of all raw materials has been repeatedly stressed
hereinbefore. To make a ton of finished product only 0.41 ton of coke
.how needs to be hauled from the outside to a logical hydrosite lot
on the Green River, Obviously, that lighter haul more than decimates
the 4.16 ton-load already totalled ageinst the X schemse,

To reduce fuel bills }r., X selected a coal mine for the site
of his plant., The location is logical for proposals thet require over
6 times the fuel consumption previously tabulated for the Green River
type of plant. His figures disclose a coal cost of ¢5.62 for esch
ton of fertilizer produced at the mouth of mine, It would be cheaper
to haul 0.41 ton of coke at a natursl hydrosite on Green Fiver,

Hr. X coc%y calculated the "time required to pay for plant
investment of ¢35o;éoo" at exactly 5 months »nd 20 days. His project
may never receive financisl endorsement until his time-interval fore-
cast is slso multiplied 10 fold. His prorhecies are strongly sug-
gestive of the swivel chair calculstions frequently performed by
bureaucratic research workers, Today, the economic fallacies of
pedants are no longer expected to survive the arithmetic of school boys,

Credit should be given to ¥r. X for filing the first report
on the manufacture of double compound fertilizers in the Green River
erea. Hls econecniices may be in error, but subsequent experincntation
fully established the correctness of his furnace charge calculations,
His originzl report clearly explains the principles of all smelting
proccsses hereinafter cited. Tt therefore makes £ood intoduetory

material for this report.

Bureau of Chemistry Processes

The tabulation on page 115 1ists 3 blast furnsce methods of
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the Bureau of Chemistry.  Complete descriptions of all of these pro-
cesses appear in Technical Bulletin No. 6543, that was published in
April, 1837 by the U, 3. Deparbnentlof Agriculture under title of
“Blast—Furnace_Procesaea for the Production of Phosphatic and Potassiec
Fertilizer Materials." .A copy of that: out-of-print publication is at-
tached to this report as Exhibit-B.

_All processes-  of the Bureau follow the genersal principles
quoted under the X sub-head immediately preceding, . Their procedures
are. fully set. forth In the attached exhibit,  The indicated efficiency.

rating of each. . one of those processes for operations within the highly

;apecialized-field,at;argen.River_18 recorded on the tabulation sheet.

frequently referredﬁta;herein.u.Thosenugyparative ratals were prepared
with the view_of-eliminating.fraquent refersence to the more exhaustive
descriptions appearing in tha bulletin pkhibit. e o)

i The. No. S process of the Bureau tabulated on page 115.1s for

.the production of P20s, phosphorus pentoxide, exclusively. It is the

regular_blast—furnace_process.-;Against the cheaper electric~£urnace,

dts efficiency rating 1is 1llsted at-78%. The only difference between

the two methods 1s the heating agentgr_coke.isuuped_1n;£hehblast_rur-
nace, and»1n;ths”electricxfprnace-all of the heat is supplied by
electrical energy. - SEnNEteh L fosugr wre 2L o uanmitiG A v S e
wys s, . Ordinarilly, both_of-thoae.thermal agents are costly. In -
the Green River area, hydro energy would be produced at the lower cost.
The bulletin _of the Buraau of Ghemistry was publisned only
a year ago¢l Already 1ts blast furnace process anpears to be out of
date, even in regions of low-cost coke Sunply.: The. onerations of a
company that found 1t cheaper to transform coal 1nuo electrical energy
for firing thair phoanhata fUrnace ware previously cited on oage lo8,

Ho,blast-furnaca_conatruction_fornge;ting phosphates in the

‘Green River locality 1s sanctioned by this Investigation. At this

-time various presaurd_groups are working for the establishment of

little TVA's at several points in the vast Inter-lountain province.,
At such sites phosphates would be reduced with New Deal hydro-power

at lower costs: than possible to attain by blast-furnaces operating in
Green River and elsewhere., No subsidized industry of any sort should

be sought in regions that contain resources of the magnitude and
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variety present in the Green River area.

. The Bureau of_chemistry also evelved a process for smelting
potash from the local wyomingite rack. On preceding tabulation, its
efficiency rating is recorded at only 21%.

‘. . The reason for the low efficiency. factor 1s that a furnace
charge of no less than 24} tons was. used to produce one ton of potash.
Such a-process would. require a wholse freight train of rock and fuel
to manufacture only a carload or two of salable product. The energy .
consumption in heating all of. that prodigious volume of rock to ex-

tremely eiqvafed_temppraturas wouyld simply prove terriflc. Obviously,

no cheap method was sought by the Bureau research workers for the ex-

‘traction of pctaah_from«tha;Wyomingnrqck.,j

' Herelnbefore, the economic hazards_d? smelting rock by.a.
process - in which raw material assemblage constituted 859 of total cost
of Operatiopfwera_brieflyipo;nted out. No similar resume need be filed
on:th@hBureap!Sfpot&sh investigatlon.. Instead of only 91 tons, thelr
exper;mgntatiogupequi:ed no _less than 24} tons of even more.expensive

b
material for the furnace charge... The cost of that mountainous adnix-
ture of rock,:flux and fugl-iould safely exceed actual market value

¥ 4

of the recovery product sought by more than 185%. . .The economic. ob-
jects of such forms of research endeavor. are not everywhere understood.
However, .the .serious-minded investigators flled the: followlng con-.
clusion in defense: of their labors: -

e "The conclusion i3 drawn from table 14 that com-

mercial potash smelting appears feasible only when
low-cost limestone and fuel are avallable. The in-
formation given in- this bulletin in regard to the
operating conditions involved in the blast-furnace
process is, however, of fundamental importance be- )
cause the existence of a technically feasible potash-
~. .~ .furnace process -should operate to set.an upper 1imit
to any future rise 1n the market price of potash.”
:ﬁ"Much'of the original research wor&, aforsdescribed, might
have been avoided. TWanty years before an 1ndustria1 concern amply o
established the technical feasibility of smalting local potash rock
on a big-scale basis. Incidentally, ‘their procesa was identiﬂl to the
one utilized by ‘the Bureau,'axcept that low-cost coal instead of nigh—
price coke was used for the heating agent, Their plant plainly dis-
closed that a minimum sales price arcund $300.00 per ton was necessary

for continued operation. Such aoaring markets did pravail as long as
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MR 33-N

the World War blockade was rigidly maintained. That high ceiling
may never again be reached. Instead of the U.3.A. being dependent
on foreign nations for 96% of its potash suppiy, it has already de=-
veloped a sizable domestic industry. Its output has recently ex-
ceeded BOZ of the national consumption., For further expansion in
the new industry, no area ffers more promise than the Green River
locality. Ne¢ further research work should be attempted in that sec-
tor except for the admitted object of setting the lower limit or
floor price for potash production in the U.8,A, fleld.

The third and final process of the Bureau 1s a combined
poetash-phosphate smelting procedure that was designed for the pro-
duetion of 83% KPOz. 1Its efficiency is rated on the previously
inserted table at 474 as against 21% for their potash process, last
reviewed,

This process produces a ton of high analysis fertililzer
from only 9.33 tons of raw materials instead of the 24.5 tons requirdd
by the previously reviewed operation. The method is comparatively
attractive, but its consumption factor is =still considered too high
for the operation of a commercial fertilizer industry in Wyoming.

An inspection of the comparative ratal tabulation on page
115 suffices to disclose a strong similarity to exist between the
process of the Bureau and that of Mr. "X", previously reviewed. As
the X report has already been quoted in full, no further reiteration

need be filed herein on the Bureau's process,

Pike Process

The final listing on preceding tabulation is recorded @ the
Pike process. It calls for the annual production of 34,650 tons of
potash (Kg0) and 57,700 tons of phosphate (Pg0s) at a proposed plant
to be erected at Green River, Wyoming., Annual output of the works would
be marketed as 105,000 tons of potassium phosphate containing a guar-
anteed minimum of 92% KPOz. The cost of manufacturing the above pro-
duet is recorded at §$3,782,500 annually., As stated previously these
processes are patented by Robert D. Pike, a chemical engineer of
361 San Carlos St., Pledmont, Calilfornia,

The 4 blast-furnace investigations previously summarized
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were all performed by thafal research workers., An examination of
their profoundly techmnical reports failed to apoi a single idea that
ecan be considered new to the chemical science. Obviously, such harm-
less conventionalities must be entirely free of advices for process-
ing local rocks on a commercial basis.,

The several reports of Mr. Pike belong to a different cate-
gory. At plenty of places new and original methods are published for
the first time., His suggestions should pave the way to the aaﬁ;bliahs
ment of a sound and conservative fertilizer industry in the City of
Green River at an early date.

All PFederal investigators followed suite in regarding wyo-
mingite as an ore of potash. In reality 90% of that material is nothing
umri than inert worthless rock. Regardless of that fact the cited re-
search workers mixed their wyomingite with high grade phosphate rock
in proportions sufficient to satisfy an orthodox chemical formula.

No product of economic merit could be smelted for the admixture dis-
parity of 10% potash rock and 30¥ phosphate roek required fluxing re-
agents of hitherto unprecedented volumes for the formation of a slag
in the blast furnace. Far less formidable caleulations are demanded
by the Pike metallurgical operations. Only in the Pike process do
phosphate rock and potash roek go into the furnace in the mmtually
fluxing ratio.

The Pike process is based on smelting a rock primary con-

taining 78% or more tri-calcium phosphate. Preceding tabulation in-
dlcates that the Bureau of Chemistry had to use 0.99 ton of gravel

with a 95% silica content to smelt a Tennessee rock of an equal de-
gree of basicity. For their gravel, Pike substitutes wyomingite as
the fluxing agent. As its silica content is nearer 584 after the
potash is volhtilixcd therefrom, it is accordingly necessary to use
1,60 tons of this less acid fluxing material for each ton of fertile
izer produced.

At the furnsce site gravel is already being washed and
sereened at a cost of not over 40 cents a ton. Pike's wyomingite
flux would cost a §$1.20 per ton delivered at the furnace hopper.
Production capacity of the furnace has previously been rated at
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100,000 tons of KPOz annually., Using gravel for the fluxing agent
would reduce annual operating expenses by $152,000. Sueh a saving
might not prove economical for the highly specialized site ét Green
River. From the wyomingite substitute flux no less than 16,566 tons
of potash would be volatilized annually. The latter extra-recovery
should sell around §993,960 in the open murket.

Apparently, Green River is no longer just mnother town in
which one type of fertilizer could be préaassed at a low cost. The
vast Inter-Mountain phosphate provinece is full of such communities,
The Pike substitute flux makes it possible to manufacture both types
of fertilizer primaries at Green River. Only at that strategic site
could the dual operation be conducted at almost as low & cost as
single type fertilizers are processed at leading competitive points.
The Pike million-dollsr concept in extra recoverable values may soon
rank among the great advancements in fertiliser manufacturing tech-

nique of the current century.

Supplemental Process

The Pike wyomingite flux yields only half of the potash re-
quired for a plant manufacturing 100,000 tons of potassium phosphate
annually. The indicated deficiency of 18084 tons will 11k6vise be
supplied from wyomingite. The extraction calls for a supplemental
process. Operating costs for the direct process proposed by Pike are
far lower than those formulated by all prior investigators.

The recovery process proposed by Pike is based on the Lem-
berg reaction. One half the volume of the iyomingite rock is leucite.
Undér the Lemberg reaction that potash bearing mineral 1s converted
into the sodium aluminum silicate mineral analeite through the exchange
of the alkali base members. The economics and basie prineciples of the
conversion have been set down by Pike as follows:

“The present-day potential value of wyomingite, as
8 primary source of potash, depends upon the fact that

sach 100 pounds, when ground to only a very moderate

fineness iekl ields 8 pounds of Kg0 by ba OXw=
change vftgﬁaodia;’;ithaut e oocurreg%o T lfge re-

actions, when leached under pressure at 200°C, Cheap
and plentiful sodium compounds, particularly the car-
bonate, combined with cheap fuel will vield vast quan-
tities of potash from wyomingite in the form of con-
centrated fertilizer chemicals at relatively low cost."”
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Preceding statement 1s based on experimentation in which 3
parts wyomingite and one part of salt were repeatedly cooked with 6
parts of water in a pressure vessel for a period of 3 hours. For
the Plke process 744 tons of wyomingite would undergo the foregoing
treatment each day. The bperation would be conducted in large stesl
containers of dimensions tcntati;ely approved in the Pike reports.

The feasibility of the proeodﬁng extraction has not yet
been demonstrated on a semi-works besis. Pike's figures rest on
over a 100 runs that he performed in a small autoclave having about
the same dimensions of the less sturdy pressure cookers used by
housewives. BSatisfactory recoveries were yielded from these small
tests. The repeated experiments, likewise, served to establish the
non-corrosive 6hnracter of the selected leaching solutions.

The prior flux volatilization process and the present sup-
plemental lixiviation process were originated by Pike for ﬁho sole
object of extrtat;ng potash from wyomingite at the lowest possible
cost, A proviously reviewed investigator smelted 10 tons of wyomingite
with 144 tons of fuels and fluxes to recover one ton of potash. His
oxtr«neiy expensive furnace charge originated from several states.
For making up the potash deficit for & product equally valuable, Plke
only needs to cook 3 tons of the 1@0#1 rock with 7 tons of soda brine
water, The water supply would come from wells already drilled on the
plant site, Obviously, the smelter method would involve purchase,
labor, and transportation expenditures a2t least 7 times as great as
the outlay required by the Pike proposal. A differential around 700%
is also indicated in energy consumption. The wet process 1s conducted
at 200°C. To smelt the rock it would be necessary to develop a tem-
perature nearer 14000, |

Manufacturing Costs

All 1nvantiguﬁnrn so far cited have found only one vnlﬁs in
the wyomingite deposits. It is their potash content which varies
from 200 to 240 pounds per ton of rock. Potential value of latter
material is only_#ﬁ.oo.

By unicque methods patented by Pike 1t would be possible to
extract the foregoing $6.00 value at a calculated expenditure of $3.29.
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Such operations would actually show a profit. Other researech workers
devised schemsg seemingly fgr the objeet of extracting $§6 from a rock
at a calculated coét as high as §24. Much of their enthusiasm could
have been avoided. 1In faet their final results would have been less
surprising had some one set down the value in the investigated rocks
beforehand.

In his 1938 report, hereinafter referred to as Exhibit E,
Pike estimated the cost of producing potassium phosphate in the Green
River locality at $37.65 per ton., His figure compares favorably'wiih
the TVA cost of making ordinary’phosphatos at §30.54 per ton. See
Exhibit A report. : |

The Pike product is the far more valuable of the two. It
packs 417 more plant food than the TVA fertilizer. On & unit basis
a saving of {6.41 per ton is indicated for purchasers of the more
potent Plke concentrate.

Pike's cost analyses are based on the operation of a blast-
furnace plant, Hereinbefore, the set-up at Green River has been held
to be more adaptable for elsctric furnace processing, As soon as
hydro energy 1s generated within that natural electrochemical basin,
the Pike type of products ought to be processed as cheaply as the
lower-grade phosphate fertilizers of Tennessee.

Four alternative flow sheets appear in Pike's latest 1938
report. They call for varying types of equipment. Only the least
expensive Qf the Plke proposals is reviewed in this report. Cost of
that plant 1z recorded at §12,668,700,00., Its annual sales return is
gset down at half of that figure, viz, $6,334,350.00.

Piko*é investment figures doubtlessly err on the conserva-
tive side., His plant cost appears unreasonably high especially when
it is compared to the published investments of competitive concerns.
In Exhibit A, the cost of a works smelting 60% of Pike's phosphate
production is recorded at only $2,270,000. 1Its ecapacity in annual
-sales 1s estimated at $2,056,000., To match that high degree of in-
dustrial performance, the initlal cost of the big end of the Pike
works would have to be scaled down to $3,750,000.

Less than 20% of the entire Pike output would be produded
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by his wet supplemental process. He allows a $2,000,000 expenditure
for that much }ass elaborate equipment. That estimate, likewise,
appears unduly elevated. In fact, the weakest feature of the Pike pro-
posals seems to be the excessively high cost allowed for initial
plant construction. :

This eritical review is unprepared to sanetion the construc-
tion of §12£,000,000 fertilizer plants at any point in the country.
At Green River a £6,000,000 plant heving sn annuel sales capaecity of
$6,000,000 would offer far more attractions for investment. Meni-
festly, such a plant would have to be electrothermally operated., Its
profits per dollar invested would greatly exceed those of a fuel fired
plant that would cost twice as much to construct. Strongly entrenched
vested interests will hardly regard Oreen River as the lowest cost site
for processing fertilizers until the collateral hydro resources still
remaining intact in that vicinity are adequately developed.

Federal and State Investigations

A survey of the phosphate resources of the Western flelds is
now being conducted by & Congressional Committee. Many proposals for
the development of those vast deposits are already available for ex-
emination By the committee.

Before the current investigation started, several states had
completed reports on thelr leading phosphate areas. Such inveatiga-
tions largely foreshadowed the drive now undsr way for the establishe
ment of regional TVA's at different points within the Inter-Mountain
phosphate province.

Unfortunately, the Westerm phosphates are qulte analagous
to those ocourring in Tennessee. From identical material the TVA has
already demonstrated that high-analysis phosphates could be processed
therefrom by a low-cost electro-thermal method., TIn the average West-
ern loeality, no better or cheaper phosphates could be made than the
grades already manufactured in Tennessee. Therefore, a second TVA
establishment in an ordinary phdaphate bearing area could only be
locked upon as an unnecessary duplication of effort in the research
field.

A mandate of Congress directs the TVA to improve, increase



and cheapen the production of fertilizers and fertilizer ingredients,
Thus far TVA activities have been: confined exclusively to phosphata
production in which field industrial progress of basic inmportance -
has-been consummated. If a second researsh plant is built, its oper-
ations might be 1limited to the Investigation of potash, the other
majorrmineral element consumed by plant 1ife. ‘
»7w~Basle problems solved 50 years ago by the phosphate indus--  «

try still await solution in the National potash field. 'Duriﬁg'the
years ‘of the:World war potash'prices suffered a“10-fold’ expansion
owlng to the.inability of the domestic ‘Industry to supply over 4% of
the National requirements, - To- ‘release ‘the- 1ndnstry from dominating
foreign’ 1nrluences)steps should be taksn to double domestie produc-
tion at the earltest gractical date.“ S S N R

. Hereinbefore, plans for s plant capable of ﬁaﬁufacturing
54,000 tons of by-product potash annually were briefly reviewed. That
output would reduce ‘potash importatfons into this country fully 154,
Such an operation would do its-sharartowards'transfoﬁming'Amerida'”
into a:.completely self-sustaining .unit in -the industrial fertilizer
fieid.?=;? v thwe Foded doaa lwotw Dean smsaenas ol wvhaascad o

--ﬁf:ThedTVA:has'beenrfrequentlyJcéhﬁﬁréd“foﬁybntering & branch

of the:fertilizer industry 1n;whibh“bver—pfbdﬁhtion'dﬁils'boﬁﬁbnly"“
occur,.  Other critics maiﬁtain‘that-the erection of a seéon&”plant
in the Western phosphate fields might distress employment conditions
in the older producing districts of the East, No-1like criticism has
yet been advanced against the construction of & potash works at Green
Rlver. _ Apparently, an operation at that site would throw no'one out ° |
of a Job'this side of Europe. -: Foaddpaaid Sl WTETER YRUE Les bl oy :

~In times of business depression only:one avenue of Industry
seems to . be-open to1Goverﬁmentalkinvasion_and-ékpansion.‘ In the fer-
tilizer field all manufacturing initiative ought to be 1imited to .
lines in which serious production deficiencises continue unmolestedly
from year to year. " Only such non-competitive ventures counld prove
100% immune from intermeddling oritfcism. If the U.S.A. 1s ever to
reach ths status of a completely self-contained nation worthy of the

Wf‘i(‘“"fl"‘ )
name, 1t would seem immateriasl 4£ the requisite constructive effort

was financed by public or private enterprise,.
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Lﬁénfffactors favor Green River as an industrial site for
thahﬂ;nufabturé of mineral fertilizer products.: several of the out-
atanding superiorities of the locality are listed below?

T Huge doposits of minerals, chemicals end fuels suit-
abla fo;'thc manufacture ot'all types of mineral fertillzers
» bound within the elactrochemical basin at Green River, Wyoming.
- A large autcron of nhosphate rock intersects the ma-
Jor hgdro damesite on QOreen River. A%t other proposed plant
e sites 1n the West the 1eading phosphate deposits are distant
500 miles ‘or mord from the nearest hydro dams. Such manufac--
Ihf.bﬁring prooedures would involve power transmissions and raw
11material haulages far beyond the rules of recognlzed econdmic
1imits. If phosphate rock must be processed at the ultimate
rock-bottom cost, it would be imperative to select the unique
aife that provides the complete assemblage at a single spot.

The pecrest approach of the world's largest phosphate
deposits to the markets of the Nation 1s at Creen River., Thus
far the local rocks have been successfully processed at only 2
points situated in Montana and British Columbia., For invading
consuming outlets of appreciable magnitudes, a transportational’
differential of 500 miles or more would favor the phosphate
processor at Green Rivef, Wyoming.

So far only phosphate rock has been succesafully pro-
caased within the vﬁst Inter-dountain provinece. Maxirmm plant
food value in the present products shipped therefrom is not over-
45¢. At Green River both phosphate and potash rock would be
compounded into a single product contalning 90% or more in plant
food value., Heretofore, only local Farkets have remained open
for the low-grade phosphates proces§ed in the Inter-Yountailn pro-
vince, To reach nation-wide margets the regioﬁ mist manufacture
high-powser fertillizers that contaiy nothing less than the standard

of concentration predominating in the product from the Grecn

River community.

Cheyenna, WyoO. Respectfully submitted,
November 1, 1938
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Report Enclosures

Exhibit A - Full-scale Production of Hetaphosphate Achieved at

Wilson Dam.
- Exhibit B - Blat-Furnace Processes for the Production of Phosphatic

and Potassic Fe}tilizer Materials,

Exhibit C - Volatilization of Phosphorus from Phosphate Rock.

Exhibit D - Proposed Manufacture of lMonopotassium Phosphate at Green
River, Wyo. |

Exhibit E - Preliminary Economic Estimates for Production of Potassium
Metaphosphate at Green River, Wyoming,

Exhibit F - Voiatilization of Potash from Wyomingite.

Exhibit G - Smelting of Wyomingite and Phosphate Rock in the Blast

Furnace. 1
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