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REPORT OF ARIZONA COLORADO RIVER COMMISSION
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PURPOSE

The purpose of this report is to answer the questions
that naturally arise in the minds of individuals or a

coutt as to. the feasibility of the irrigation of Arizona

lands by the use of the waters of the Colorado River and
its tributaries. Some of these questions are:
What is the amount of land that can be irrigated?
Whete is it located?
What is the ability of the soil to produce commer-
cial crops?
What is the best means of bringing water to the land?
How much is the approximate cost per acre?

How can Arizona projects be financed?

When our Commission entered on its duties no one
could answer these questions. We have endeavored to do
so as economically as possible. We do not claim the data
secured is equal to that obtainable by the wsual expendi-
ture of from $ .50 to $1.00 per acre on preliminary in-
vestigation of irrigation projects, but assert that it is suf-
ficient. to show that Arizona has over 2,700,000 addition-
al acres of good land that can be irrigated by gravity, that
the cost of its irrigation would not be prohibitive, and
that simultaneous industrial and commercial development
would result in Arizona becoming one of the great states
of the Union.

We have also endeavored to explain the growth and
evil effect of federal bureaucratic control of the greater
part of this state, the menace in the impending Mexican
Treaty, the-injustice done  Arizona--by the national gov-
etnment and our hope of a new deal:

We believe that the various resolutions, acts and ap-
propriations of the Arizona Legislatures, the opposition
of our Congtessional delegation to the passage of the
Boulder Dam Act, the suit by the Attorney General in
the Supreme Court, and the "public declaration of the
Chief Executive are notices to<the world that this. state
does not acquiesce in the acts of the Secretary of Interior
and other federal officials pertaining to the water and
power resources of the Colorado River, and that it may
never be justly said that Arizona has. slept on her: rights.

In addition, we allege that this report is an act of due
diligence, in an endeavor to maintain- the filings, appro-
priations and’ all the legal rights” of the State of Arizona
and its citizens to: the waters of the Colorado River.

' SCOPE'OF THE WORK

Field work performed: in ofdef to. obtain information

for this report includes a geéological investigation from

'Glenn Canyon to the motith of ‘Oak Creek.*

A reconnaissarice survey was made of 120 miles of
the Verde River -and ravine cross sections taken at ten
dam sites. -

Topographic surveys for 752 miles of canal lines were
run to determine the limiting lines of the lands that could
be reached by gravity flow.

On 362 additional miles of canals located beyond con-
trol points the costs wete estimated.

Section line extensions were run in unsurveyed areas
for. a_total of. 170 miles.

Approximately 8,000 miles of section lines were tra-
versed. Holes were drilled to a depth of five feet to ob-
tain soil samples, and 15,300 laboratory tests for salt con-
tent and soil texture were made in the soil classifications
of 3,500,000 acres. )

Office work on maps, profiles, etc. was completed as
fast as field data was secured, and computations for quan-
tities and estimates have been made in time for insertion
in this report. Much of the area covered has not been
sectionized[,) nor ate topographic sheets available, and ex-
isting maps of the state were found to be considerably in
error in the location of mountains, rivers, etc.

Federal topographic surveys cost about Sc per acre.
Sectionizing costs about six cents per acre, and the field
work for U. 8. Bureau of soil surveys cost from two to
three cents per acre, or a total of fourteen cents per acre

* A report on the area covered is in our files. It may be included in a University of Arizona publication.



REPORT OF ARIZONA COLORADO RIVER COMMISSION 3

to secute the preliminary information that is desirable in
‘estimating costs for reclamation project. Investigations: for
irrigation projects by the United States Reclamation Serv-
ice ‘cost from 50c to $1.00 per acre. On the large ateas
in Arizona it would have been too expensive to secure
the engineering details that are sometimes obtained by
the Federal Engineers and soil investigators, but the work
done has permitted estimates of quantities far closer than
prices can be calculated for construction work at this time.

OMISSIONS

We had hoped to include in our map of Yuma County
the soil survey made by the Reclamation Bureau below
the 600 foot contour sea level damum. The survey of
this ‘section of the State was made at the request of our
commission, and done under authority of Paragraph 15
of ‘the Boulder Dam Act. The field wotk was completed
‘in, June, and the maps should be available shortly. One
sheet received, covering the government soil examination
ip. Maricopa County has been added to our map. Advance

. - inforimation fumished by Mr. Porter J. Preston is that out
“ of 1,066,439 gross acres examined some 622,252 ot 60 %
arc arable.

There are approximately 100,000 additional acres be-
tween the 600 and 700 foot levels that fringe the area
surveyed by the government on which soil surveys have
not been made. This wotk can be done better after the
government maps are obtained. Probably from 50,000 to
60,000 acres of this area will be found arable.
 Presumably the Reclamation Bureau will investigate
soil ‘conditions and irrigation possibilities on the Colorado
River Indian Reservation, and the valleys of Cottonwood,
"Mohave, Blankenship, Bouse, Posa, Cibola, Chemehuevis,
etc..adjacent to the river. These, with the Yuma Valley
and  Lower Mesa, total about 280,000 acres of .arable
land. . ‘

Duting the past summer United States Reclamation
forces  examined some 210,000 acres in the valleys of
the Vitgin, Kanab and Paria. Of this, 150,000 acres are
in Arizona. _

Governor. Hunt has requested that the portion of Ari-
zona in the Navajo Indian Reservation, in the Valley of
the ‘Chinlee, etc. that drains an area of some 4,500,000
acres in .the so-called Upper Basin be examined at the

" same ‘time the other tributaty valleys of the San Juan in

Colorado, New Mexico and Utah are investigated. This

information is essential ptior to any compact discussions

by the Upper Basin States which include Arizona.
"'\We "have not examined the irrigation possibilities in

the Tittle Colorado Basin nor that of the Bill Williams.
The latter flows into the main Colorado above the pro-
posed dam at Patker. _

No estimates have been made of the amount of land
that can be irrigated by pumping Colorado River water
beyond the limits of the gravity canals nor of the irriga-
tion that would result from pumping local ground water
- if . cheap power were available.

PRESENT FEDERAL ACTIVITY

- Porter J. Preston, Planning Engineer for the United
States Reclamation’ Service, is now engaged in an investi-

gation of the possibilities of im'gatioh of all of the Basin
States, except California, which has already been taken
care of with the $165,000,000 federal @pproptiation for

.the Hoover Dam, Power Plant and Highline Canal to

the Imperial and Coachella Valleys. ‘He has made soil
examinations on over a million acres in the Gila Valley,
and on the Yuma Mesa, and has run preliminary canal
lines, which indicate that the tunnel through the Trigo
Mountains can be considerably shortened on the Parker-
Gila project. On the contrary, he advises that the pro-
posal of the Metropolitan Water District to construct the
Parker Dam, some twelve miles further up stream than
originally planned, would add to the canal costs' some
$22,000,000. The government report should determine
whether some 900,000 acres of land should be irrigated
from the vicinity of Parker, as proposed by Arizona En-
gineering Commission, of 1923; or pumping from the
Laguna or proposed Imperial Dam, as suggested by the
Colorado River Commission in 1927, or if they should be
included in the Colorado-Verde project. Federal Reclama-
tion forces are now wotking in the vicinity of Parker,
Arizona.

The State of Arizona and the Federal Government
jointly expended about $70,000.00 for topographic sur-
veys in the Lower Gila Valley in 1926-27, and the Buteau
of Reclamation has expended approximately $60,000.00
for soil surveys, etc., in this State out of the $250,000.00
authorized in the Boulder Dam Act.

PREVIOUS PLANS

R. M. Stine, in September, 1920, suggested water divet-
sion by a canal from the Boulder Reservoir, for use on
Arizona land. Later this project was studied by R. H.
Williams, and changed to the Highline Canal plan. In
1921, Mr. H. E. Blake considered a plan to reclaim a
large part of the Gila Valley by a 650 foot pump lift.
G. E. P. Smith early suggested pumping from a dam near
Cocopah peint. In 1923, the Arizona Engineeting Com-
mission, composed of E. C. LaRue, P. J. Preston and
H. E. Turner, reported on the Parker Gila project. It
included a dam to elevation 457 feet sea level datum six
miles above Parker—eighty seven miles of canal to Light-

_house Rock, 200 feet pump lift to elevation 610, then a

sixteen mile tunnel through the Trigo Mountains, twenty
miles of canal, diverging through a six mile tunnel under
the Muggins Mountains, and a five mile siphon to Dome,
etc; also a notth side canal to a point eight miles east of
the Maricopa-Yuma line. They estimated the construc-
tion to cost $107,400,000 for 640,000 acres, or $168.00
per acre, with an operation and maintenance cost of $5.82
per acre. This Commission also planned on irrigating
287,000 acres of land in Arizona, adjoining the Colorado
River, including the Yuma-Parker-Mohave projects, etc.

_or a total for Arizona of 927,000 acres.

As an alternate to the Parker-Gila project of 640,000
acres the Commission considered: o

A—The suggestion of Mr. Blake for a dam at Boulder
to elevation 1,235 feet (It is now being built to 1,232
feet) with canals to carty water to the Bouse Valley at
elevation 970 feet and the Gila Valley at elevation 685
feet.



B—The construction of a dam at Boulder to elevation
1,350 feet with tunnels and canals to the Williams River.
Their estimate was $607,000,000 for 2,000,000 acres.

C—A modification of Plan “B” with a 460 foot dam
on the Williams River.

D—A modification of Plan C with the dam at Spencer
or Bridge Canyon, with a 92 mile tunnel to the Williams
river and a 22 mile tunnel to Bouse Valley. This plan
proposed the irrigation of 2,000,000 acres at an estimated
cost of $480,000,000 less $30,000,000 chargeable to
to power, or at the unit cost of $225.00 per acre.

E—A dam in the Colorado River below Lees Ferry,
with a 90 mile tunnel to the Verde. This plan was later
advocated by C. C. Tillotson.

Coconino Dam Site—Mile 48, Little Colorado

F—A dam at Glen Canyon, with a 50 mile tunnel to
the Little Colorado, and a 90 mile tunnel to the Verde.

At the Conference of the Governors, etc. of the Colo-
rado River Basin States, at Denver, in 1927, the Colorado
River Commission proposed a plan of pumping from the
Laguna Dam to lands in the Gila Valley, including ap-
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proximately 1,100,000 acres below the 600 foot contour.
The maximum lift was 450 feet, and the average 260
feet. This plan would have provided cheap first costs,
and the opportunity to develop the land as agricultural
demand justified.

SOIL SURVEYS

While it has long been known that it is possible to
irrigatemillions of acres in Arizona, the arability of this
land has been a matter of dispute. Our survey covered
some 3,500,000 acres. Township plats have been pre-
pared on a scale of two inches to the mile. These are
colored to show the various classifications. The texture
of the soil at various depths, and the soluble and in-
soluble salt contents, are noted as well as topographic fea-
tures. The Reclamation Department has examined 1,200,-
000 additional acres, so that information has been ob-
tained in the last two years, covering some 4,700,000
acres, of which some 2,800,000 acres are arable. Much
additional arable land is available for irrigation by low
pumping lifts if water can be obtained.

Soil classification may be made according to many
standards. We adopted that of the Bureau of Reclama-
tion, in order that the areas that can be successfully
tilled in Arizona may be compared with those of the
other Western States. Various crops prefer acid, neutral
or alkaline soil. Leaching of land containing excess soluble
salts or chemical reaction on insoluble salts will reclaim
lands we have classified as non irrigable. Enhanced value
may justify the leveling of lands rejected because of
rough topography. For these reasons the figures given
as to arable arvedas are minimum. Some soils have been ex-
cluded, regardless of the fact that they support heavy
desert growth, because they are shallow and are under-
lain with impermeable clay or caliche strata, or have other
disadvantages as to drainage and would water-log if sub-
ject to irrigation.

We have been extremely conservative in our soil classi-
fication and held to the standards of the Reclamation
Service, even where crops are now being successfully cul-
tivated on soils that would be subject to rejection. The
yellow areas on the index maps that are marked “a”
designate marginal areas that should not yield as great
a return as the lands designated class 1 and 2, because of
salt contents, or will require larger outlays for leveling
than are now considered economical.

The first indication of soil fertility is the present desert
growth. Subsurface investigations disclose the possibility
of the cultivation of domesticated plants with deeper
root systems and are mostly necessary to check surface
indications. They usually result in rejection of land ap-
pearing good rather than in proving the land better than
indicated by surface conditions. In order to keep field
examiners quickly advised of salt content in the soil
samples taken, the necessary laboratory work was done in
camps, and sometimes at night, so that classifications could
be made while on the areas in question, and check holes
could be put down where necessary.

No attempt was made to secure the exact soil condition
on each forty acre tract as the information we desired
was the approximate percentage of the various classes
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of land in each township, and the cost of detailed soil
‘surveys on millions of acres of land would have been too
igreat. Originally we endeavored to obtain soil field ex-
iperts from the University of Arizona, but as none wete
g:ailable, through the courtesy of Mr. P. J. Preston of
‘the United States Bureau of Reclamation, former manager
of the Yuma project, we placed men with his forces.
They studied the methods of soil classification used by
the Reclamation Service until permitted to make classifi-
fcation for the Government. They were then transferred
fto our work, and by gradually breaking in additional men
a competent field force was organized.

Soil classification prior to Reclamation construction is
a comparatively recent practice. The areas of some exist-
ing projects have had to be reduced from fifty to seventy
iper cent, because of poor soils. Soils that do not require
treatment can obviously stand higher costs for water. At
ptesent the selling prices of land bears little relation to
the soil classification. Where a single years leaching will
change soil from No. 2 to No. 1 the difference in value
5is obviously the cost of the season’s treatment. The same
conditions exist for- other classifications. Likewise, com-

aratively expensive leveling of land near mountains might
ggq,morc/than justified if citrus is to be planted.

' REASONS FOR COLORADO-VERDE PLAN

The plan of irrigating Arizona land with waters of the
Colorado River herein submitted was chosen for the fol-
lowing reasons.

(1) It will insure an absolutely dependable supply of
water for existing Arizona projects.

(2) It provides for a gravity flow instead of pump-
ing; permitting the saving of hydro-electric power for
industrial and commercial development. While low com-
modity prices, high interest costs and increased efficiency
have caused stam and diesel power costs to approach
those of hydro, an inevitable readjustment of money and
commodity prices will insure that the best hydroelectric
developments will be cheaper producers than the best
~steam or diesel plants. ‘

#. (3).. It will create abundance of cheap power in the
central portion of the state at many “different locations,
insuting non-interruption of service without expensive
standby plants, provide for short transmission lines ac
- low altitudes, reducing cost and losses in transmission
- and freedom from storm damages. This power would be
‘ cheaper. than that from the Hoover Dam.

"(4) - It will assist in the mineral development of the
state, and provide existing mines with better opportuni-
ties to compete with other producers.

(5) It will permit of manufacturing development, in-
suring a vatiety of business activity and create a tmore
self sustaining commonwealth.

. (6) It will insure several reuses of water by the
greater difference in elevation of the land to be irrigated,
thus providing a Aigh water duty.

(7) It will allow the use of the flow of the Salt,
Gila, Verde, Agua Fria, etc. for the peak water demands
of semmer irrigation, reducing the size of tunnels, canals,
etc. t0.60% of the capacity they would have to be if
setving the land direct.

(8) It will reduce the number and length of canals,
and also avoid seepage and evapotation losses by the use
of tunnels. :

(9) It will include within the canal lines such a great
body of land that a limited allotment of water may be
used on the most favorable soils, thus insuring greater
financial return from each acre cultivated. '

(10) It wil permit the use of present utban facilities
during the necessarily gradual development of areas ad-
joining those now in cultivation, reducing the difficulty
and cost of bringing in new desert ateas.

(11) It would provide ample water to release what-
ever amount of the Gila could be used in its Upper Val-
leys, including those in New Mexico, and supply water
for approximately 100,000 acres now in projects for which
no water is otherwise available.

. (12) It would permit the development of the poten-
tial power in the Colorade in Arizona, without encumber-
ing the Grand Canyon Park with reservoirs and power
plants.

13) It would reduce the distance of water travel in
evaporating channels from Lees Ferry to Yuma and the
Imperial Valley by about 50%.

(14) It would permit cheaper power installations at
mote accessible sites than those in the Grand Canyon.

PLAN

This plan of development for Central and Southwest
Arizona provides for a 438 foot dam at the head of
Matble Gorge, just above the steel arch bridge near Lees
Ferry, to raise the water to elevation 3,543 feet and later
to 3,600 feet above sea level, securing a storage reservoir
of 16,000,000 acre feet capacity, for a pressure tunnel
with a 28 foot inside diameter 46.4 miles in length to
the Little Colorado River at ten miles from its mouth,
for the construction of a dam at mile ten on the Little
Colorado to the same elevation as that on the main river,
for the use of the canyon of the Little Colorado as a
canal to mile nineteen, for a pressure tunnel with a 28
foot inside diameter, 97.8 miles in length from the Lirtle
Colorado to the mouth of Oak Creek on the Verde River,
for a dam at Camp Verde Dam site to elevation 3,145 -

. feet, and later to elevation 3,200 feet, for a diversion dam

seventy six feet high on the Verde River a mile north of
Camp Creek to divert water at elevation 1,610 feer;

For a ten thousand second foot canal from the Diver-
sion Site 16.4 miles to McDowell Pass, which can later
be increased in capacity by lining;

For a canal to the westward from McDowell Pass to
setve land north of the Salt and Gila Rivers;

For siphons or grade reservoirs, crossing Cave Creek,
Hassayampa and Centennial;

For a canal southward from McDowell Pass 3.8 miles
to Granite Reef Dam; )

For a siphon across Salt River;

For a canal from Granite Reef to the Gila River;

For a siphon across the Gila River into the Florence
Canal ;

For the enlarging and extending of the Florence Casa
Grande Canal westward to serve land south of the Gila
River in Pinal, Maricopa, Pima and Yuma Counties:
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Fot penstocks at Granite Reef fot a three hundred foot
dtop;

Fot the enlatgement and extension ot the consttuction
of a new canal from Gillespie Dam south and westwatd
to serve land south of the Gila Rivet below the 730 foot
level;

Fot a similatr patallel canal on the north side of the
Gila Rivet,

Fot the installation of eight dams and powet plants in
the Vetde Rivet as the matket fot powet wattants;

For the etection of powet plants on the canals as [arer
justified.

RESERVOIR

The elevation of the tegulating teservoir on the Vetde
Rivet latgely conttols the selection of the stotage teset-
voit on the Colorado

The dam site at the highway btidge below Lee's Ferty
is made the basis of this tepott, because the canyon walls
ate much nattowet than at Glenn No. 1 ot No. 2 sites, it
is mote accessible and construction matetials ate available.

A shott distance up and down stteam from this site the
canyon is widet and the foundarion matetials ate pootet.
Competing sites ate at least nine miles up stream and
twenty miles below.

This site was dtilled by the Atizona Colotado Rivet
Commission in 1927. A favotable geological tepott was
made by Drt. Ransome of Califotnia Institute of Technol-
ogy. The foundation tock has been tested and found cap-
able of tesisting the ptessute at the base of a high dam.
The dam was designed by B. F. Jakobsen in 1927, and
then estimated to cost $19,000,000.

If the depth to bed tock can be decteased by dynamit-
ing the tapids at Badget and Soap Cteeks below the site,
the costs can be teduced. As the tivet at this point prac-
tically patallels the line of the tunnel to the Little Colo-
tado, the service tunnel could be used fot stteam divet-
sion during consttuction. The construction of the Hoovet
Dam below will wattant the tisk of cheapet tempotary
coffet dam consttuction than otiginally planned.

TUNNELS

The tunnel from the Colotado Rivet to the Little Colo-
tado could be shottened by 25.4 miles by consttucting a
dam at mile fotty instead of at mile five. Good dam sites
appatently exist at this altetnate location, bur the rtiver is
about 260 feet lowet. If the tiver fill above bed tock is
similar ro that at the Matble Gotge and Hoovet sites, a
dam at this altetnate site would have to be about 800 feet
in height from bottom of foundation to bring the ctest to
the elevation necessaty to give equal flow thtough the
main tunnel. As this height is some hundted feet highet
than the Hoovet Dam, which has been subject to ctiticismn,
it is consideted bettet to base this tepott on a smallet dam
and a longet tunnel, but dam sites 1n the vicinity of mile
35 to 45 on the main tivet should be examined priot
to deciding on any patticulat site. As these sites ate very
inaccessible; the rtip from the canyon btink to the top
of the lower gotge being atduous, and the only practical
apptoach ro the tiver proper being by boar, these investi-
gations will be expensive.

The tunnel from the Colotado River to the Little Colof
tado is all in sttatified tock. The vatious strata that wil
be encounteted ate shown on the geological sections pre;
pated by Prof. Stoyanow of the Univetsity of Atizona
most of the field work ‘having been done by Walte
Thomas. These sttata ate btoken by few faults, and should
ptovide the least complications possible to secute in long
tunnel excavations. Shafts have been calculated at inter
vals that will permitr of the completion of the tunnel
in from five to six yeats. ;

The tunnel ftom the Little Colotado to the Verde will
be mostly in Yavapai shist, with ptobable occasional in
ttusions of gtanite. The altetnate location to' the west
of Kendrtick Peak and Slate Mountain is tecommended
by the Geologists in otdet to avoid laccoliths and btoker
fotmartion. Water ptoblems should be small in the tuny
nel, with the possible exception in the Vetde fotmation
on the southern end, and thtu a pottion of the tedwall
limestone in the vicinity of mile 90. The pilot tunnel
is figuted to be sepatated ftom the main bete, and con-
nected at 2,000 foot intetvals to petmit attacking the-
main heading at numetous points. The pilot tunnel can
[atet be enlatged and lined to catry additional watet.

The dam in the Lictle Colotado at mile ten is needed
to secute the flood flow of that stream. The tesetvoir
will have a small capacity, but excess watet could be
diverted notthwatd to the Glenn Resetvoit and south-
watd to the Camp Verde teservoit thtough the tunnels.
As the hydtaulic gradient would tesult in the sutface of
the water in the Little Colotado Resetvoit being abour
130 feer lowet than the Glenn Resetvoit the cate of
flash floods would be automatic. Seme thousand second
feer of water would be obtained from the Liitle Colotado
River hete, including the flow from Blue Springs.

Subsequently a 6.5 mile tunnel could be constructed
ftom mile 10 on the Little Colorado to mile 66.5 on the
Main Colotado Rivet, and the uppet tunnel capacity in-
cteased to Matble Gotge. This would petmit the installa-
tion of 799,000 hotse powet at mile 66.5 at a cost of
$46,447,000 ot $58.00 pet h.p. with a2 ptoduction cost
of 1.18 mills pet kwh.

As an alternate to the dam at mile ten a dam estimated'
to cost $75,000.00 could be installed ar the Coconino site
at mile 47.5 on the Lirtle Colotado and 4,800 h.p. de
veloped fot $100,000.00 which could be used fot tunnel
construction putposes.

The watet from the Coconino dam could be dtopped
down the canyon of the Little Colotado and into the tun.
nel. The total length of tunnel would have to be in-
cteased by five miles in place of the nine miles of river
channel between mile 10 and 19 on the Little Colotado.
The altetnate plan would be apptoximately $1,500,000
cheapet, but it would pteclude the captute of the water
from Blue Sptings, which is apptoximately half of the
flow of the Little Colotado River.

VERDE DaMm

The Vetde Dam in addition to acting as a stotage
tesetvoit for Vetde flood watets would become a tegulat-
ing teservoit petmitting continuous flow thtough the tun-
nels, which can be teduced in capacity accotdingly to
about 60% of what they otherwise would need to be.
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The Verde Reservoir will contain 950,000 acre feet with
a dam constructed to elevation 3,145, and approximately
2,000,000 acre feet when built to 3,200. As the tunnel
would be able to supply peak water demands in the early
period of irrigation development the cost of raising the
dam the last 55 feet can be postponed until it is needed.

The dams between Camp Verde and Camp Creek can
be installed as rapidly as power demands warrant. None of
these dams are high, and the sites drilled have had rela-
tively shallow foundations. If the Verde Dam is con-
structed first their flood hazard will be small. The sites
are suitable to multiple arch designs, although rock fill
dam backed with finer material might be cheaper in a
few instances. The estimates have been prepared for
multiple arches and the foundations that are undrilled
presumed to be similar to those examined.

COST ESTIMATES

The price of labor obviously is the basis of all construc-
tion costs. No one can determine what the prevailing price
for labor will be during the five to six year period re-
quired to construct the Colorado-Verde project. The fig-
ures used in this report are higher than those of the pres-
ent time, and lower than those of 1928-29. Sufficient data
has been obtained to permit others to make their own
estimates. Our estimates were made as follows:

Dams

The estimate used for the Marble Gorge Dam was made
by LaRue and Jakobsen in 1927. In the latter’s opinion,
in view of the safety provided by the Hoover Reservoir,
higher stresses would be permissible, and with cheaper
construction costs this structure should be contracted now
below the estimate. The estimates for the dam at mile 10
on the Little Colorado is based on reconnaissant investi-

gation. At this site the river runs approximately on bed
rock. The low water flow is very small and the flood
hazard negligible.

SHAFTS

The estimated $110.00 per foot for sinking shafts,
should be ample—Bulletin 357 U. S. D. C. Bureau of
Mines, 1932, Shaft Sinking Practices and Costs—includes
the following representative shafts:

Company Date Depth Kind of Rock Size Cost per ft.
Magma Copper ..1925-28 0 -2531" Sedimentary 8'x21’ $104.50
Cal, & Ariz. .....1929-30 0 -1720’ Diorite .......6-6 x16 56.62
Chief Con. Utah 19821 20’-1385" Rhyolite & 6-6 x18 -8 57.71

. Limestone
Lick Hughes,

Ontario ....:...... 1516’-3000 Porphyry ...6-4 x21 -4 96.34
United Verde
No. 5 oo e 1930 3150723509 Quartz 7-8x19 -4 101.09
Porphyry
Van Dyke Shaft
No: 1 zanitn 1921 07’-16%2" Conglome- 6'x11’ 81.27

rate & Shist

The shafts have been estimated 50 feet below tunnel
grade in order to provide drainage, etc. in the pilot head-
ings. An average of cight or nine feet per day should be
secured which would require approximately sixteen months
to complete the deepest shaft. This rate is 2/3 the best
speed attained in shaft sinking.

PiLor TuNNEL HEADINGS

Pilot headings of 8-ft.x9-ft. have been estimated at
$24.00 per linear foot, or at $9.00 per cubic yard. Head-
ings in similar material in Arizona mines are being driven
for two thirds of this price, or $16.00 per fr. Seven per
cent has been added to the length of headings to cover
the cross connections between pilot and main heading.
These connections are sufficient to insure that the main
tunnel excavation can proceed as rapidly as the pilot tun-
nel. Tunnel headings have been advanced at the rate of
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REPORT OF ARIZONA COLORADO RIVER COMMISSION 9

Mile 40, Colorado River
Inner Gorge is in Redwall Limestone

wo miles per year. At a speed of 114 miles per year in
the heading, the tunnels could be excavated in three years
after the shafts were completed.

Tunpel enlargements have been estimated atr $4.00 per
w. yd. or appraximately $1.80 per ton. Ore has been
mined from deep workings in Arizona mines for half this
figure. Excavation in the three-quarter mile Hoover tun-
nels is reported to have been done for $1.69 per cu. yd.
including $1.39 for excavation and loading and 30 cents
for hauling and disposing. The Hoover tunnels were so
large that the excavation was similar to quarrying or sur-
face rock work, rather than wunneling. Hard rock excava-
tion in thorough highway cuts several years ago was esti-
mated ac $1.50 per yard. Current estimates are $ .60
and contracts are being let considerably under this larcer
figure. The tunnels on the Colorado-Verde project are
twice the size of standard railroad or highway tunnels.
They ate so long, and the rock conditions are so favorable

IS

et s

that new records for speed and economy should be es-
tablished on their construction. Underground tramming
and hoisting costs should average about 50 cents per yard,
and $3.50 should easily cover the excavation costs with
faces chirty feet in diameter. The shafts should be com-
pleted prior to the letting of tunnel contracts in order
that the engineers and contractors may know what con-
ditions they will encounter. Had more information re-
garding the rock been available ac Hoover, the bids would
no doubt have been cheaper. As it was, the profits were
extremely excessive.

TUNNEL LINING

It is probable that concrete lining will not be necessary
on many miles of the Colorado Verde tunnels until the
entire capacity is needed for power or agricultural pur-
poses. Unlined tunnels have approximately half the ca-
pacity of lined ones. Our estimates, however, include lin-
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Rock Strata, Mile 8 Colorade River
A dam at the Lees Ferry Bridge would have its founda-
tions in material similar o that in the vertical wall
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10 REPORT OF ARIZONA COLORADO RIVER COMMISSION

Contact between Coconino Sund Stone and Hermit Shale in Marble Gorge.
This material is similar to that of foundations at

posed by dynamite. “B” weathered rock surface.

“A” shows hard rock ex-

Marble Gorge Dam Site.

ings throughout, with concrete estimated at $12.00 per
cu. yd. The length of the tunnels warrants the use of
movable steel form, insuring cheap placing of concrete.
The quantities mvolved command low bids for cement.
Coarse aggregate will be available from crushed tunnel
spoil. Sand is the only marerial that will be expensive to
import or manufacture.

VERDE Rivir DaAms

Multiple Arch type of Dams will be cheaper at most
of the sites on the Verde River than the Rock fill type,
especially as they reduce the length of penstocks and per-
mit the incorporation of power plants. If standard size
arches are adopted, the steel forms may be used at scveral
sites, reducing equipment costs. Tentative buttress centers
of fifty feet were calculated, and the concrete esti-
mated at $15.00 per cu. yd. The foundations of the un-
drilled sites were assumed to be of the same depth, etc.
as the ones that have been investigated. If the Camp Verde
Dam is constructed first, the flood hazard on the lower
dams will be largely eliminated.

CANALS

Most of the canal’s location is in earth. Excavation
has been estimated at 10 cents per yard. Modern machin-
ery can handle carth in the large quantities involved for
from six to seven cents. The sections in mixed earch and
rock have been estimated at 60 cents per cu. yd. The
canal sections are several times the size of railroad and
highway cuts, so these figures are conservative. Some of
the rock sections of canals have been estimated as lined
with Gunite at 10 cents per sq. ft. The Arizona mines
have been guniting to prevent fire and rock slackening
at a cost of about 9 cents. The earth sections are not cal-
culated for lining, but when additional water is required
these sections can be lined, and with reduced friction,

lower free boards and increased velocity, their capacity
can be doubled. These canal figures can be reduced ap-
proximately 10% if projects on the Gila, Salt, Agua
Fria, etc. are used for standby water storage for the peak
demands of summer irrigation.

POWER

The estimates for power installation have been made
by Mr. B. F. Jakobsen after securing the latest quotations
from the manufacturers of hydro- -electric power equip-
ment. No estimates for transmission lines have been made,
as the power market is yet to be developed. Power would
be available at numerous sites on a north and south line
250 miles in length that bisects the state. As much of the
power would be taken off to the east and west, and the
power installed as needed, power movement will vary in
direction.

An arbicrary figure of two mills per kwh has been
used as the price at the switch board., This is the same
price as Hoover power, but as Arizona power users are
much closer to the Colorado-Verde projects than they or
coast users are to the Hoover Dam, shorter transmission
lines will result, with less cost and power loss, giving
Arizona power users as low prices as it is p0551ble tof
secure anywhere in the world.

The estimates on power installation have been made on
a 60 % load factor in accordance with average conditions
elsewhere.

The use of power in the production and reduction of
ores would be at a much higher load factor than 60 %,
so that plant installation and opcratmns costs would be
materially reduced for this portion of power consumed,

Also the selling price of peak demand power could be.
increased from the estimated rate of two mills per kwh
without noticeably adding to the retail price of powe
when distributed.
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VERDE RIVER POWER DEVELOPMENT
Installed Power House Type of Cost of
Dam Head Horsepower Cost Dam Dam Total Cost
P e 195 177,000 $ 3,260,000 Multiple Arch  $1,272,000 $ 4,532,000
Bardett ... ... 189 171,500 3,175,000 Single Arch 1,510,000 4,685,000
Pete's Cabin ... .. 188 171,000 3,250,000 Multiple Arch 1,720,000 4,970,000
Yavagila ... .. 138 125,500 3,010,000 Multiple Arch 750,000 3,760,000
Horseshce oo, 150 136,400 3,000,000 Multiple - Arch 1,240,000 4,240,000
‘Tangle Creek ... 150 . 136,400 3,000,000 Multiple Arch 1,400,000 4,400,000
_Fossil Creek ... .. 148 134,500 2,960,000 Multiple Arch 1,593,000 4,553,000
‘Cliff Dwellers .............. 93 84,500 2,700,000 Mulriple Arch 350,000 3,050,000
1,136,800 $24,355,000 $9,835,000 $34,190,000
Roads............... 500,000
$34,690,000
Q=6,000 Sec. ft. ANNUAL COSt oo e $2,896,050
Installed Horsepower ..o 1,136,800 Sale Price at 2 mulls ......_........ e $8,920,000
Firm Horsepower ... . 682,080 Net Annual Return . oo, $6,023,950
KWH per annum ... 4,460,000,000 Net Annual Return, per KWH ... ... 1.251 mills
;SET-UP NO. 1 COST ESTIMATE COLORADO-VERDE CANALS
CACTEAZE e 1,217,664
cMiles Canals ..o 547
Canal capacity at Diversion Dam ... 10,000 sec. ft.
“Earth excavation . 54,226,230 cy at 10c § 5,422,623
- Rock and Caliche excavation . . 5,477,138 ¢y at 60c 3,286,283
sConcrete Lining ... 14,125,604 sf at 10c 1,412,560
: Horseshoe Tunnels '
Ro15.2 e 1,550 If at $190 294,500
Ro104 oo, 2,000 If at 110 220,000
R B85 e 2,000 If at 90 180,000
R 755 e 550 If at 80 44,000
O 1 1,600 If at 35 56,000
Rivs 6.8 e e 1,044 If at 65 67,860
Agua Fna Siphon ... 4,900 If 700,000
Salt River Siphon ... ... .. . 9,590 If 792,000
“Salt River Penstocks ... oo 6,700 1f 1,380,000
:Siphon South of Salt River ... 2,850 If 151,000
Hassayampa Crossing ... 4,700 1f 375,000
‘R R. and Hwy. Crossings and Turnouts _....._....... 330,000
Total oo $14,711,826
SETUP NO. 2
ACLEAZE oo 2,314,000
Mies Canals ... ... 881.4
Canal capacity ar Diversion Dam ... ... . 19,775 sec. ft.
Earth EXCAVALION Lo e eee e 120,027,324 cy at 10c¢ $12,002,708
“Roch and Caliche excavation ... 11,495,068 cy at 60c 6,897,041
Concrete lining ...l 23,757,589 sf at 10c 2,375,759
Horseshoe Tunnels
Ro104 e 2,000 If at $110 220,000
R B85 2,000 1t at 90 180,000
R 73S e 550 If at 80 44,000
R 3.9 e 1,600 1f ac 35 56,000
Ro148 1,044 If at 175 182,700
#Agua Fria Siphon ... 4,900 If 700,000
$ale River Siphon ... . ... ... 9,590 If 4,490,700
:Salt River Penstocks ..ooooooooeioeiiie 6,700 1f 1,380,000
Biphon South of Salt River ... .o 2,850 If 859,500
Hassayampa Crossing ..o 4,700 If 375,000
iGila River Siphon ... ... 2,872 If 440,000
R R. and Hwy. Crossings and Turnouts . 400,000
Total oo $30,653,408
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Malpais Dam Site.

RELATIVE

The irrigation of Arizona lands by the use of the water
of the Colorado River is not a small or cheap proposi-
tion. The total costs are staggering, but so is the acreage
that can be irrigated, the power that can be developed
and the growth and prosperity that can be brought to the
state. The unit costs are not high. They are less than those
of many projects built and contemplated. The irrigation
of a large acreage in Arizona is a project comparable with
the Columbia, which is estimated at $376,631,000.00 to
produce 1,400,000 commercial horsepower and irrigate
1,200,000 acres by a pump lift of 370 feet. With the
project estimated to cost $360,000,000.00 for transferring
the surplus water of the Sacramento River to the Valley
of the San Juaquin. With the six million acre extension

i B
S e e e

Yavagila Dam Site—Mile 68 Verde River

Verde River Mile 92

of the Aswan project on the Nile by England, now being
constructed in the face of a temporary surplus of farm
projects. We believe that the development of Arizona
power and irrigation is much more feasible than any of
these projects, and that it is entitled to equal considera-
tion. A comparison of the Colorado-Verde project shows
that, while it involves costs similar to those of the Met-
ropolitan Warter District, it would give returns many
times as favorable. In this connection it should be re-
membered that Los Angeles has in the Owens Valley-
Mono Lake region a source of better and cheaper water
than from the Colorado River, and that they will not
need any of the latter for over twenty years, and probably
not the whole amount for seventy five or one hundred
years.

e
e
e

Clff Dwellers Dam Site—Mile 42, Verde River
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It will require over eight million additional popula-
ion at 120 gal. per capita per day to consume in domestic
ase the 1,500 sec. ft. of water that it is proposed to pump
1,600. ft. over the coast mountain range to the vicinity
of Los Angeles, but it will only require 30,000 farm
units of forty acres each, or say an additional population
of 120,000 to occupy a million two hundred thousand
acres of Arizona land. If Los Angeles expects to use
Colorado River water for agricultural purposes an acre
in California producing crops for shipment to New York,
Chicago, - Philadelphia or Detroit can stand no higher
water costs than an acre in Arizona.

Those who condemn the 144 miles of tunnel on the
Colotado-Verde project should consider that there are
104 miles of tunnel on the revised plan for the 267 miles
of Metropolitan Aqueduct from Parker to the reservoirs,
twenty-five miles outside of Los Angeles, and nearly as
many additional miles of concrete conduits, pipes and
siphons.

A compatrison of the figures given in the final report
of the Metropolitan Water Disttict Board of Review with
those of the Colorado-Verde project, with interest esti-
mated at 434 % and excluding the cost of distribution
in California beyond their terminal reservoirs and in Ari-
zona beyond the main. canals; shows that without any

wer at all the costs for water on the Arizona project
would be but 11% of the cost of water to California
during the amortization period, and after the amortiza-
tion period but 8%.

If the Colotado-Verde project could sell a small part
of their power the water cost would be but 6% of that
of the Metropolitan District during amortization, and
after amortization would become a profit.

Metropolitan Water

District Colo-Verde Colo-Verde

Cost of Project........... $ 194,364,000 $176,909,000 $ 189,731,000
Water Obtained N

acre ft. 1,100,000 4,400,000 4,400,000
Kwh Produced .. ~ 314,770,000 0 3,065,000,000
Kwh wused in pumping 2,533,200,000 0 0
Cost per acre ft

for 40 yrs.. 26,66 3.09 1.63
Cost per acre

after 40 yrs.. 6.56 1) Income .98

At present Los Angeles charges the San Fernando Val-
ley lands $9.8CG per acre foot for water, and it has been
suggested that Colorado River water that will cost. $26.66
per acre foot to take to the coastal plain be temporarily
sold to irrigation projects at $10.00 per acre foot.

FINANCING

A decade ago one of the large power companies ap-
plied to the Federal Government to construct a storage
reservoir and power plant at Glenn Canyon to be fol-
lowed later by complete hydro-clectric development of the
river by a series of dams, etc. Later the State of Arizona
applied for a license for several sites. Both the state and
the corporation, which would have paid taxes to the
State of Arizona, were refused permits, the governtent
itself going into the power business, using the expected
receipts as the credit for financing irrigation projects and
city water wotks for the State of California. Since the
Federal Government has entered the power business, it
is improbable that Arizona or any private agency would
cate to compete with the Government, in view of the

kind of competition that would exist with the practically
unlimited funds at the disposal of the Nation.

A united group of mining companies might have raised
the funds to develop cheaé) power for their mines in Ari-
zona if their business had continued profitable, and had
the mining interest not made so many foreign investments
in the last decade, but at present it would appear that the
only immediate hope of irrigation and hydro-electric de-
velopment in Arizona is for the Federal Government to
advance the funds necessary. This is particularly so as
long as the Federal Government continues to hold large
areas in the state that if owned by the state would con-
stitute assets upon which it might obtain credit at low
rates of interest.

If the same generous terms were extended to the peo-
ple of Arizona, that were given to California by the Fed-
eral Government, repayment of a loan would be easy. The
Secretary of Interior has contracted with the farmers of
the Imperial and Coachella Valleys for the repayment of
one per cent of the -principal of their canal loan during
each of the first five years, two per cent per year for the
next ten years and three per cent for the temaining
twenty-five years; all without intetest. The inability at
the present time of California Cities and water districts
to finance their projects independent of government aid
should silence the criticism that we can not immediately
finance the development of Arizona.

ECONOMIC

The Colorado-Verde project would require a lot of
labor for construction, but the workers who have been
idle in Arizona during this depression have [ost more
hours of employment than would be required to construct
this project. Somehow these wortkers have existed, but
Arizona as a social unit has extravagantly neglected to
secute what their work could have created. As a state we
lost the additional wealth ''that might have been,” that
could have provided the credit for their wages, and the
farm units upon which a part of our national surplus
of industrial workers could have been self sustaining.

The population of the United States doubled in the
last forty-one years. Arizona’s population doubled in nine-
teen yeats. Our population will continue to grow if we
develop the resources within our state that can sustain
population.

The previous generation had the foresight, courage and
ability to conquer the western deserts. If we have not lost
these attributes progress will continue.

PARKER DAM

Perhaps the next subject to engage the attention of
Arizona will be the construction of a dam in the vicinity
of Parker. No provision is made for this structure in the
Boulder Dam Act, but it is desited by the Metropolitan
Water District of Southern California to create a desilt-
ing basin, to furnish 40,000 horse power for pumping and
to reduce the pumping lift across the coast mountain
range. The district has figured on 78 feet less lift from
a reservoir than from the river and as they have esti-
mated cach foot of elevation eliminated worth $80,000
this saving in pump lift would be worth $6,240,000.

Two sites near Parker have been considered; one about
6 and the other 18 miles above Parker. The upper site
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is nattower and is preferred by the District. The canyon
‘between the two sites is rugged and an 8,000 sec. ft. canal
between the sites has been estimated by the Reclamation
Bureau to cost over $22,000,000, which would be prohibi-
tive. The lower site is at the end of the canyon section
and could be used as a diversion dam for a canal to
some 120,000 acres of land on the Indian Reservation
and perhaps to the Patkeér Gila Project. A canal could
also be constructed from the lower site to the Palo Verde
mesa so this lower site would be valuable for both Ari-
zona and California, and for irrigation as well as for
power and city water wotks. Should this reservoir be
constructed for the exclusive benefit of the Metropolitan
District, California should stand the evaporation loss
from its surface. The Metropolitan Water District has
planned the postponement of the construction of a Parker
Dam until the river silt load is reduced. Governor Hunt
wrote the following letter regarding this subject to the
chairman of the Federal Power Commission.

Mr. Geo. Otis Smith, . -Jan. 13, 1931.
Chairman, Federal Power Commission,
Washington, D. C.

Dear Sir:

Your letter of January 1, requesting comments or ob-
jections to the applications of the Metropolitan Water
District of Southern California for a preliminary permit
for the construction of a dam and power plant near
Parker, received. .

It is impossible for me to comment on this question
specifically as no application has been received by the
state of Arizona for this project.

Chapter 102 Arizona Session Laws of 1929, requite the
approval of the State Engineer of the plans, specifications,
etc. for dams. )

Chapter 81 Arizona Civil Code 1928, the state water
code provide that all applications for irrigation and power
projects are to be made to the State Water Commissioner.

Paragraph 3385 in this chapter provides that applica-
tions involving more than 25,000 horse power may not
be granted without the consent of the state legislature.

The Arizona legislature today convened for a regular
session of sixty days.

The supreme court also today set March 9th as the
time for the hearing of arguments on the motion to dis-
miss the suit of Arizona against the Secretary of the In-
terior and California, Colorado, Nevada, New Mexico,
Utah and Wyoming. This suit involves the constitutionality
of the six state compact and the Boulder Dam Act.

It is probable that Arizona will oppose all applications
for reservoirs on the Colorado River until this suit is
settled or until a seven state agreement is executed divid-
ing the water and power of this stream.

You write that the proposed reservoir would store
717,000 acre feet. May I suggest that it a dam at Parker
were constructed immediately it would be filled with sile
from che 100,000 to 140,000 acre feet carried each year
by the river before a storage dam above could be com-
pleted even if the upper dam is not delayed.

It has been the desite of the people of Arizona that
the Parker site would be used for a reregulation reservoir
to adjust power flow to irrigation demand. The silting
of this reservoir site would of course ruin it for such a
purpose.

The primary construction of a storage reservoir in the
upper pottions of the river would tend to deepen the
channel below as the clear water from such a desilting
reservoir again picked up a silt burden. This would re-
duce the depth to bed rock foundations for subsequently
built lower dams and thus reduce their cost.

This has been the idea of Arizona men who are familiat
with our silt carrying western streams. We are still hope-
ful that a comprehensive plan of development for the
entire river can be adopted.

Thanking you for the infotmation furnished in your
letter 1 beg to remain,

G. W. P. HUNT,

Recently the Reclamation Bureau advised that the Sec-
retary of Interior had approved a contract for the construc-
tion of a dam at the Upper Site; that the Metropolitan
District was to furnish the funds for the construction, by
securing a loan from the Reconstruction Finance Corpora-
tion and that the power to be generated was to be divided
equally between the Disttict and the Bureau of Reclama-
tion. Senator Ashurst has been unable to secure a copy
of this contract which should be of interest to Arizona.

MEXICAN TREATY

Commissioners appointed by the United States and
Mexico were authorized by Congress March 3, 1927 to
investigate an equitable division of the waters of the
Colorado, Rio Grande and Tia Juana. Their report was
printed as House Document 359. The Intemational Water
Commission is continuing its studies preliminary to a
treaty. Secretary of Intetior R. L. Wilbur has contracted
to deliver- over 5,320,000 acre feet of Colorado Rivet
water to California. Mr. Dwight Morrow, when Am:
bassador to Mexico, is reported to have expressed the
belief that Mexico was entitled to half of the water
stored in the Hoover Reservoir. If he voiced the opinion
of the State Department and a treaty is negotiated ac-
cordingly with Mexico, and the contracts made by the
Secretary of Interior are valid there will be no watet
available for Arizona irrigadon. The following corres-
pondence covers this subject. '

July 24, 1931
Secnator Carl Hayden,
Washington, D. C.

Dear Senator:

In an endeavor to avoid Arizona again being placed in!
the position of having to make a delayed opposition to &
developed program on the Colorado River, we wish to
suggest to you the probability that Arizona’s interest may
be greatly jeopardized in the pending treaty with Mexico.
We believe that it would be fairer to all concerned, and
more conducive to international and intefstate comity ta
preclude the signing of an unfair treaty than to defeat
its ratification by the United States Senate.

Pursuant to Act of Congress, approved March 3, 1924,
President Coolidge appointed a Commission to investigate
an equitable international division of the waters of the
Rio' Grande. By Congtessional Act March 3, 1927, this
commission was authorized to include the Colorado and
Tia Juana Rivers in its study. On August 26, 1927 the
seven Governors of the Colorado River Basin States re
quested President Coolidge to notify Mexico that the
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United States intended to use all the additional watets
made available by stotage wotks in the United States.
They also tequested he inctease the membetship of his
Commission to include tesidents of the Colotado Basin.
This was not done.

Arizona secuted an amendment to the Swing Johnson
Bill in Section 1, ptoviding fot the exclusive use within
the United States of all the watet stoted in the Boulder
Resetvoir. Senatot Johnson, howevet, secuted an amend:
menr in Section 20 of this Act, which may have nulli-
fied the provisions of Section 1. His amendments lend
ctedence to the tepott that he had agteed to rtade United
States Colotado River watet to Mexico in exchange fot
Mexican Rio Grande ttibutaty watet, in tetutn fot Texas
suppott for his bill.

The tepott of the Ametican Section of the Intetnational
Watet Commission, United Srates and Mexico, ptinted as
House Document No. 359, indicates cleatly that Mexico
expects to secute a latge quantity of watet from the
Hoovet Reservoit, and is endeavoting to set up facts on
which to base such a demand, as an equitable division.

While out commissionets have so far suggested that
Mexico be limited to the use of 750,000 acte feer, this te-
pott contains many dangetous untefured statements to sup-
pott an excessive Mexican allotment. On pages 7, 64 and
71 ‘Mexico demands thar American hydto-electtic powet
be sold in Mexico at ptices identical with those in the
United States. OQur Commissionets have accepred this idea,
which in the case of the Bouldet Dam means thar tax
free powet would be available for Mexico, to insute the
feasibility of ittigation by pumping for 579,300 additional
actes.

On page 91 of this teporr Mexico's possible itrigable

acteage has been gteatly incteased from abour 200,000
actes, now ittigated, to a total of 1,961,900, while the
- ittigable lands in the United States have been greatly
* minimized. Ptesent Centtal Atizona irrigation from the
- Gila, all ateas in the lowet Colotado Basin in New Mex-
- ico and Utah and the Little Colotado acteages have been
- omirted from the Commission’s estimate of United States
- lands.
. On page 68 Mt. Delph Catpenter, Water Commission-
et of Colotado, is quoted, - thtough the United Startes
* Geological Sutvey, as stating the Upper Basin needs but
© 5,720,000 acte feet, instead of the seven and a half
" million acte feet ptovided in the Santa Fe Compact.
We ate in teceipt of 2 letter from Mt. Carpenter, dated
june 30, 1931, in which he unequivocally denies this
satement, and insists that the Uppet Basin will tequite
all of its allotment.

_ The Supteme Coutr’s decision indicates Artizona is not
subject to the Santa Fe Compact, with its provision of a

- sixteen million acre feer United States limitation on the
use of water until 1963. Ptesumably the entite Basin is
‘not limited by Section 8 (A) of the Boulder Dam Act,
.if Congtess could not constirutionally limir Artizona.

* The Atizona otiginal tesistence and the Supteme Coutt
decision have, thetefote, cancelled the automatic gift to
Mexico of five million acte feer of water, as provided in
the Swing-Johnson Bill. While the actions, of the six
siates, in apptoving a six instead of a seven state com-
pact, Congress, in passing the Boulder Dam Act, and the
Supreme Coutt, in declating the Colotado River navigable,

may delay and discourage Arizona development, nothing
so fat has occutted which can not be adjusted, but if a
tteaty is consummated, giving a latge amount of water
to Mexico, the intetest of Atizona, as well as all of the
othet Basin States, will be setiously hutt, for which
teason we respectfully suggest that opposition to such 2
treaty be immediately otganized in the United States
Senate.
Vety sincetely youts,

COLORADO RIVER COMMISSION OF ARIZONA,
GEO. W. P. HUNT,
Chaitman.

DEPARTMENT OF STATE
WASHINGTON
September 29, 1931
Geotge W. P. Hunt,
Chair. Ariz. Colo. Rivet Com,,
Phoenix, Arizona.

My deat Governot Hunt:

I have received yout lewer of September 9, 1931, with
which you enclosed a copy of a letter dated July 24,
1931, addtessed to the Honotable Catl Hayden, United
States Senate, by the Colotado Rivet Commission of Arti-
zona, 'in which refetence is made to the ptobability that
the intetests of the State of Atizona may be jeopatdized
in CIpt:nding treaty negortiations between the United States
and Mexico, concerning the watets of the Colotado Rivet.
. Thete ate at ptesent no trreaty negotiations in ptogtess
berween the United States and Mexico with tefetence to
the disttibution of the watets of the Colotado River. You
may test assuted that when the question atises the legiti-
mate intetests of this country and its citizens will com-
mand out fullest attention and cate. The ptoblem of an
adjustment between the United States and Mexico on the
Colotado Rivet is inevitably bound up with a somewhat
similat situation on the Rio Grande Rivet. A position
taken on eithet tivet, a ptinciple invoked ot a condirion
which must be met will cettainly affect the other. If the
United States assetts "in the case of the Colotado River
that it is entitled to the exclusive use of the watets which
otiginate in its own tettitoty, it must face the applica-
tion of the same ptinciple on the Rio Grande for ex-
ample. Othet suggested ptinciples have 2 similat dual
beating. On both tivers the people of this country have
impottant investments and, pethaps, even greatet hopes
for futute development. In aptoaching the problem on
the' Colotado River I trust chat both you and the people
+f Atizona will, on the one hand, accept my statement
that we ate thotoughly appteciative of the national in-
tetests involved and, on the other hand, be teady to
tecognize that in some of the broader aspects the rivers
must be considered rogether and not as isolated ptoblems.

I may say for your infotmation that the American
Section of the Intetnational Watet Commission, in co-
operation with teptesentatives of Mexico, is continuing
its studies of the Lowet Rio Gtande and the Lower
Colotado and Tia Juana Rivets, in accotdance with the
provisions of the Act of Congtess apptoved March 3,
1927, to which Act tefetence is made in yout letter to
Senator Hayden.

Sincetely youts, .
HENRY L. STIMSON.
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Ocrober .9, 1931.
Hon. Henty L. Stimson,

Sectetaty of Srare,
Washingron, D. C.
Deatr Mrt. Srimson:

1 much appreciate your lerrer of Seprember 29, and
assurance that the intetest of this country and its citizens
will have your fullest atrention and care, in case of a
rreary berween the Unired States and Mexico tegarding
the use of Colorado River water.

I am anxious that, even in the preliminary discussions
of such a treaty “now in progress” by the Inrernarional
Water Commission, the intetests of Arizona and the Colo-
tado River Basin Srares be nor subordinared to thar of
other sections of our counrry. This same concern induced
all the Governors of the Colorado River Basin Srares ar
Denver in 1927 ro request local represenrarion on 2
special commission for the Colorado River, or on the
Internarional Warer Commission; also that Mexico be
notified thar thar nation could nor hope o secure warer
of rhe Colorado, made available by stotage in the Unired
States. I consider thar Congtess endeavoted ro carty our
this larter- provision in Section 1 of Boulder Dam Acr.

While the opinion prevails in these seven stares. thar
Mexico is nor legally entitled ro any warer of rhe- Colo-
tado River, I am unaware of any disposirion on the parr
of any of out states to asserr thar 'the- United States
shall have exclusive use of all the warers of the Colotado
River thar originate on United Srates soil’, by denying
Mexican citizens the use of the amounr of the normal
flow of the tiver which they now enjoy. Thetefore, in
my opinion, thete will be no objection on the parr of
the Colorado Basin States ro a rreary awatding 750,000
acte feer of United Srates Colorado River watet to Mexi-
co, provided that nation will award equal compensating
quaniities of water oviginating i her territory to Ameri-
can lands served from the Rio Grande, eic.

The people of our secrion believe thar warer power is
a natural resource, which should be developed for the
benefit of the communiries adjacent to such tesources, so
you can undersrand our alarm ar the acquiescence of the
American members to the claim of the Mexican members
of the Internarional Warer Commission, thar power de-
veloped in our stares should be sold ro Mexican cirizens
ar the same price ir is sold ro Americans, i. e. pethaps
tax free.

If thete wete enough water in the Colorado River ro
irrigare all the lands within irs basin the diversion of
waret 1o irtigare the coastal plain would nor have oc-
casioned such opposition as has occurred, bur an addition-
al paper rransfer of the warer resources of the Colorado
Basin ro the Basin of the Lower Rio Grande River, by
means of an Inrernarional rreary, wil probably occasion
more exrensive tesistence and ill feeling, as the decision
of the Supreme Courr, derermining thar Atizona is nor
bound by the Colorado Rivet Compacr, will compel other
states to shate with Arizona the losses due ro an excessive
award ro Mexico.

As the Colorado River Basin, which may be hurr by a
rreaty, is not tepresented on the Inrernarional Warer Com-
mission, while other sections, which might be benefired by
a rreary, rrading resources, ate rtepresenred, I feel rhar
I should convey to vou some of the senriments of this

patr of the Southwest, in the hope of reducing rhe dif-
fetences between stares, which ate arising from rhe ef-
forrs of one' secrion of our country to secute the re-
sources of another. -

Very tespectfully,

GEO. W. P. HUNT,
Governot.

FEDERAL AID

While the Mexican srares of Sonota and Lower Cali-
fornia, as well as Texas, would benefit by a rrade of
Colorado for Rio Grande warer, the srates of Chihuahua,
Coahuila, Nuevo Leon and Tamaulipas, like Atizona,
would suffer a reduction of development, and rhey” will
probably oppose the trade. Sonotza and now Lower Cali-
forniza in Mexico, like. California, in the Unired Srates,
have had the advanrage of having their citizens in high
Federal positions, whete they could favor their states,
with Federal apptoptiations, erc.

FuTurE FRICTION

An exchange of Colorado for Rio Grande warer would
provide a soutce of furure international friction. Those
familiar with irrigarion affaits know thar compacrs, agree-.
menrs, rules, edices, erc., difficult as they are ro secute,
are more difficult to execute; thar they are not needed
during wer years bur ate extremely hard to enforce dur-
ing droughts, especially between diffetent secrions or
stares. Uppet watet users are inclined to preserve theit
crops rather than their agreements and later pay for the
damage done when slow courr procedure can compell
them. If the farmers of the lower valley lands in -each
nation have to awair recoutse by international adjust-
ment, which is slower rthan judicial acrion, and depend
upon international agreements (somerimes found ro be
scraps of papet) for compensation, periods of droughrs
would be much more desttuctive to lower waret users
than if each nation rerained and administered irs own
waret on its own soil.

LAND WITHDRAWALS

The map on the opposite page shows in colots the rela-
tive amounr of Arizona tetriroty thar is included in Federal
Withdrawals or Reservations and the addirional amount
thar it is proposed to include in Naronal Forests ot
Parks. To rthese colored areas in the charge of Federal
Bureaus would be added any public lands thar ate pro-
Eosed to be placed in Federal Grazing Districrs by a
ill before the Public Lands Commirree of the House of
Represenrarives. The dates on the map show the prog-
tessive encroachmenr of Federal Bureaucraric control.
The following tabulation of the starus of the Land of
Arizona, as of March 14, 1931, was secuted by Senaror
Ashutst from Commissioner Moore of rhe General Land
Office. Additional Federal Withdrawals & Reservations
have been made since thar date.

1. Atea of srate................ 72,931,840 acres 100 %
2. Land granred Srarte.........10,539,236 actes 14.5
3. Federal lands .............. ...533,019,870 acres 72.6
4

. Privare holdings .......... e 9,372,734 acres 12.9



It LN 06 U T

|

y40d

-\OMPIPYUM Ieel RN

UOILOALDSIY Uolpul [ |

ENF
SJOMDAPUNIM Pasodoid [ Uow'40 3o ) 4oN
2A125?Y {Soiol [N

2061 of Joud

et -

T

_ <6l 0} Juanbasgng ~ S
os ot [ 0z ot o s o
S3TWAN 40 3TVOS

2€61
SFell D 2% W TNV

d0 dVIK
NOISSINWOD ¥3AIY 0QVHO10D

Sk i
o VNOZIYY

oynbegopny Us
: W

e

Lo

e )

:;f' He

S Mwmnne i TORNGS VARG
A s F B e i
S S Prrhost < 1T 06l
e e N

- g o e w |W\(./ l

e § :
s :

. . b
€S o3 epe-

VAV

..p.|_fiﬁ|.+—._,ldm|ﬂt ,_\, zw“ﬁ wa:
Now_\,,\ﬁ Sl
o S ‘0061

<" ey Buipe
\ e S SRS

o

4

B s i e




REPORT OF ARIZONA COLORADO RIVER COMMISSION 19

DETAILED STATEMENT FEDERAL LANDS

Acres

Vacant, unappropriated and

unreserved ..o 15,180,880 20.7%
Area of pending unperfected entries.. 1,345,200 1.79%
National forests ..oooooooooooooeeeieeeaeeees 11,371,341 155%
National Monuments and Parks......... 659,429 9%
Indian Reservations ...................._... 20,463,020 28.4%
Withdrawn lands (estimated) ... 4,000,000 5.4%
Total Federal lands ... ... . 53,019,870

DETAILED STATEMENT: PRIVATE HOLDINGS
Acres
QOutside reservations and withdrawals 7,609,722 10.4%
Within the national forests_....._.._.._ . 747,447 1.0%

Within national monuments....__......... 13,113
Within national parks................. 2,452
Within withdrawals (estimated)........ 1,000,000 1.4%
Total private holdings......................... 9,372,734

NB. Private holdings are composed principally of Rail-
road Land Grants.

The following letter, editorial and article discuss this
question fully. Realizing the impossibility of a single state
stopping the continual encroachment of the Federal Bu-
reaus Governor Hunt has endeavored to secure united
action by the eleven Public Land States against any fut-
ther extension of Federal control. An article prepared at
his request by John H. Page, and sent to various gover-
. nors, senators and congressmen, is reported to have been
. very effective in postponing action on the grazing bill in
the last session of Congress. Complaint is increasing in
the East against the mounting costs of Federal Govern-
ment. In the West we are not only being taxed to sup-
port a- growing Bureaucracy, but the land and water re-
sources of our states are being so handled that opportunity
for local development is being strangled.

March 19, 1932.
Dear Senator Nye:

The disposal of the remaining unreserved public land
in Arizona is a very important matter, but it is trifling
compared to the disposition of the areas already reserved
in this state. The former represents about fifteen million
acres of our least valuable land. Until now it has not been
desited either by homesteaders or for Federal Reserva-
tions. It has an approximate value of twenty million dol-
lars. Little of it can ever be sold for three dollars per
acre. The present receipts from leasing similar state lands
are equal to what would be obtained if it were sold and
assessed at one dollar per acre. If it were given to the

“state, and in more prosperous times subsequently trans-
ferred to private parties our state school fund would also
receive in interest an amount about equal to the taxes, but
at present this land is unsalable at nearly any figure.

I believe that the depreciated value proposed in the bill
for land that has an average -rainfall of but four inches
per annum is based on too small a figure. Desert rainfall
of this amount is sometimes precipitated during a week or
ten days of storm, with intervals between rains of as long
as two years. When cold windy weather follows these
‘sporadic rains no growth occurs. Semi-occasional “forage
an not be used, because it is undependable. For these

reasons ten or twelve inches of rain would make a fairer
figure on which to divide your land classifications, if
you consider any minimum sale price necessary.

The best grazing lands of Arizona are already in Fed-
eral Reservations. Impractical rules and regulations by
Federal Bureaus are claimed by our stockmen as the main
reason for the fact that in 1930 we had but fifey-six per
cent of the range sheep and thirty-five per cent of the
range cattle that we had in 1918. This accounts for the
opposition to any extension of Federal control of grazing
areas.

Federal management of forest areas in Arizona has not
accomplished conservation. The timber has been sold just
the same, to the limit of demands. Federal control, there-
fore, has but secured Federal revenue rather than local
benefit.

I know of no real or practical work that has been done
in the Federal Reservations of Arizona to protect them
against erosion, so we can anticipate none by extending
the reserved areas. '

Your Committee is no doubt familiar with the provis-
ions of the Boulder Dam Act, that transferred Arizona
power and water resources to California. T will not discuss
it, except to say that eighty-three per cent of the fall in
the river to be developed at the Hoover site occurs in
Arizona, and seventeen per cent in Nevada. Therefore,
the absorbtion by the Federal Government of sixty two
and one half per cent of the net profits (if there are to
be any) from this construction results in its being taken
exclusively from this state. If Arizona were permitted
to tax this project the same as Maryland taxes the inter-
state hydro development at Conowingo we would re-
ceive a million three hundred thousand dollars annually.

Arizona possesses four times the potential power in
the Colorado River above the Hoover Dam flow line that
there is at this site. We heretofore have looked forward
to this power as a source of future growth and taxation.
During the last few years, while Congress has been con-
sidering the disposal of the public lands, millions of
acres of land in Arizona have been withdrawn from the
public domain by Executive order, and placed in reserva-
tions. Today the Secretary of Interior is in temporaty con-
trol of all of the Colorado River power in Arizona from
the Nevada to the Utah line. This power, with a poten-
tial value of one billion dollars, is fifty times as val-
uable as the unreserved and unappropriated areas of pub-
lic domain in this state.

The Conference of Governors at Portland in October,

1931 passed the following resolution regarding with-
drawals:

"RESOLVED That the Western Governor's
Conference opposes the approval by Congress
of the withdrawals from the public domain
made in 1929, 1930 and 1931, and request
Congtess to cancel the withdrawals of said years,
and object to any further withdrawals during
the consideration by Congress of proposed leg-
islation to carry into effect the recommenda-
tions of the President’s Committee on Public
Lands, unless made on the request or approval
of the State in which such withdrawals are
proposed.”
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We sincetely hope that you will comply with theit te-
quest. .
The importation of Aftican copper and long staple
cotton ptecludes this state from using the natutal te-
soutces now available for our people.

The Fedetal Buteaus have tutned out patk ateas ovet
for exploitation by monopolies in control of ttanspotta-
tion, housing and metchandizing. Indian Resetvations ate
being extended without wattant of inctease in tesident
population. The ttansfet of land and water powet sites
"to the Indians with their subsequent lease fot Indian
tevenue instead of state raxation is compelling the citi-
zens of Atizona to assume mote than out shate of the
national obligation to the Indian peoples.

Unless yout Committee and Congtess can secute out
people the petmission to use theit initiative and energy
in developing the tesoutces of this state, we nort -only will
be unable to assist in dissipating the ptesent deptession,
but we will have no hope of being able in the future to
make of this state the gteat commonwealth it was destined
to be before Federal intetfetence hobbled out activity.

It appeats to me that if the memberts of yout Commit-
tee will but look at the enclosed maps, showing the pres-
ent and ptoposed Fedetal Resetve ateas in Atizona, no
additional argument will be necessaty to convince you
that out patticulat lack of ptospetity is due to conditions
not in out conttol, but imposed on us by the Fedetal
Govetnment. :

Very sincetely youts,
GEO. W. P. HUNT,
Govetnot.

Hon. Getald P. Nye,

Chairman Public Lands Commuttee,
Senare Office Building,
Washington, D. C.

EpiTorRIAL—GRAHAM GUARDIAN, MARCH 3, 1932

REACHING OUT AGAIN
The fedetal buteaus ate reaching our again.

Press news from Washington btings infotmation that
a teport by Hetberr J. Hagetman, Special Indian Com-
missionet, tecommends that three hundted thousand ad-
ditional actes of land be withdtawn in Atizona to in-
ctease Navajo Indian Reservations, also a like amount in
New Mexico, and fifty thousand actes in Utah.

Half of Atizona is alteady in fedetal reservarions, and
seventy-thtee pet cent of out land is owned ot controlled
by the fedetal govetnment, and administeted by edicts
of the Washington buteaus. With 28.4 pet cent. of out
atea in Indian teservations, Atizona has had thtee times
as much land taken fot this putpose as any othet westetn
state. Atizona Indians have 435 actes pet capita, while
the atea of ptivate lands, including millions of actes given
to the railtoads, would allow but 24 actes pet capita fot
the temainder of out population. :

We should considet the tespective tacial increases of
population, and provide for the one hundted and rtwenty
million othet people in the United States, as well as fot
the one-thitd million Indians.

In his tecent book “Consetvation” Sectetaty Wilbut
tecommends inter-martiage with the whites as the way
to pteserve the Indian stock. Appartently he assays the

tole of a match maket, and is ttying to ptovide latget
doweties in otdet to expedite such unions.

Should congtess apptove the withdrawals of land ‘in
the Atizona Sttip, exchanges of land ftom fotest ro In-
dian tesetvations in the vicinity of Shinumo ' Alrat, -the
cteation of the fedetal Buffalo ptesetves, etc., the Secte-
taty of the Intetior will have secuted complete control
of the Colotado tiver thtough Atizona ftom the Nevada
to the Utah line, including potential watet power fout
times as gteat as that of the Boulder Dam ptoject.

The ptoposed extension of the San Catlos tesetvation
of two hundted thousand actes would include Gila tivet
warer power below the Coolidge Dam. The powet sites
on the Lirtle Colotado and the Uppet Salt tvet ate -al-
teady controlled by the Indian depattment, as well as the
soutces of supply of domestic water for Phoenix and
Tucson, the largest cities in our state, )

If the Indians ate to mingle with the whites, as th
sectetaty tecommends, thete is no need to inctease the
size of theit. tesetvations. o

If the United States is to give the temaindet of the
public lands to the states, as the Sectetary advocates, it
is*inconsistent for him to be constantly trying to enlatge
the federal teservations.

The sectetaty talks decenttalization of govetnment,
while seeking to expand his conrtolled ateas.

The Indians tepotted by the Indian Depattment to
own ovet a billion dollats of assets, ot a per capita wealth
of thtee thousand dollats, ate largely in a condition of
poverty. They ate like stock holdets of a corporation
whose management is absotbing its tevenues. _
= The congtessional delegations from the westetn states
shoukd unite in opposing all futthet withdtawals of pub-
lic land, and secute the cancellation of those temporarily
withdtawn.

We now have fotest teservations without ttees, Indian
resetvations without Indians, and latge patk ateas desti-
tute of natutal attractions.

If it is advisable to make some adjustment of resetva-
tion boundaties it can be done aftet the grtowth of the
federal buteaus has been checked. Burteaucracy cannot be
decteased by incteasing its activities.

PUBLIC LANDS

By THOMAS MADDOCK

Deliveted at Govetnots” Confetence, Portland, Otegon,
Octobet 28, 1931

The public [and question is older than the nation.- De-
site fot mote tettitoty caused the wars between England,
France and Spain that followed the discovety of Ametica.
Afret the wats the Colonists quatteled over the conttol of
lands located fat beyond theit settlements.

The pledge of state lands to the nation provided ‘the
security upon which Hamilton established out credit, as
well as settled the ovetlapping claims of the states to the
tettitoty west of the Alleghaney Mountains.

The gift of public lands to the railtoads enabled them
to finance the consttuction of out gtear rranscontinental
systems, and the possession of undeveloped tesoutces in
the public lands has been a large factot in maintaining
ptices of the United States bonds duting wat petiods.
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The desire to own and control lands is innate in the
human race. Most of the wars and conquests of “the
- world have resulted from land hunger. The French Revo-
lution and the Irish question revolved around control of
© jands. Germany started the World War to secure more
. land for a place for her people in the sun. The present
 Japanese invasion of China is to procure more land, and
the few Bolshevics of Russia are able to control the great
mass of that nation, because during the revolution the

peasants obtained possession of the lands they had for

years been tilling, and are afraid that under another
government they might be returned ro the former large
proprietors. Our Indian and Mexican wars were over land,
also the sheep and cattle wars of our west.

As the land question is not new it is easy to find his-
torical compatisons for the different views on land con-
trol.

Not only George 111 believed the lands of the colonies
should be controlled for the benefit of the mother coun-
try, but the farmers and merchants of England felt that
they were entitled to exploit the colonies discovered and
established under the British flag. Then, as now, those
in charge of the government, believed the colonists or
settlers incapable of self governmént. Unfortunately the
Revolution transferred rather than altered this feeling.
Tide water men and women could not appreciate the in-
dependent views of the transmountain people. Just as
those who fled to America for religious freedom perse-
aited and even killed those who came later with con-
trary beliefs, each group of people who succced to the
control of government appear desitous to rule their own
affairs, and, in addition, to supervise ‘those of the Hin-
terland. e

The history of how.sertlers of the proposed State of
Franklin and Kentucky were deprived, by those in zuthor-
ity in Virginia and North Carolina, of the lands they
had acquired by blood and roil is not as cheerful reading
as the way the settlers of Vermont successfully defied the
- world, including the courtts, to take from those who con-
quered the wilderness the fruits of their vicrory.

. ¥ We must recognize the common inclination of man-

- kind ro meddle in and supervise the affairs of his btother.

. Those of us in the west who resent the control of west-
* em natural resources by a_ distant national government
. pethaps are not disturbed by this same government’s con-
¢ 1ol of the affairs of the people of Cuba, Haiti, Nicaraguz
- and :the Philippines. We only resent the guardianship of
. ourselves.

The states, not our nation, won their individual inde.
- pendence, and took from England the land of the col-
. onies. The transfer of this land to the Federal Govern-
ment was a2 pledge or a security to strengthen the finance
of the new nation until the Revolutionary War debts were
paid. The Federal Government was intended to be mere-
ly the trustee of the lands, to sell them*to settlers. Ninery
nine years ago, in 1832, the Public Land Commirtee of
the Unired Srares Senate repotted as follows:

“The public debt being now paid, the public
lands are entirely released from the pledge they
were under to that objecr, and are free to re-
ceive a new and [iberal destination for the re.
lief of the States in which they lie.”

“The speedy extinction of the Federal title
within their limits is necessaty to the independ-
ence of the new States, to their equality with
the older States, to the development of their re-
sources, to the subjection of their soil to tax-
ation, cultivation, and settlement, and to the
proper enjoyment of their jurisdiction and sov-
ereignty.”’

““The ramified machinery of the Land Office
Department and the ownership of so much soil
extends the patronage and authority of the Gen-
eral Government into the heart and corners of
the new States and subjects their policy to the
danger of a foreign and powerful influence.”

Remember this statement was made by men bur one
generation removed from those who transferred the lands
from the states to the nation, and also long after the
purchase of Louisiana, which pur additional tands in the
control of the Federal Government.

Our frequent wars, and the creation thereby of new
debts postponed the returns of the lands to the states,
but in' Buchanan's administration Congtess passed a law
receding the public lands to the individual states. This
President, who is. generally believed not to have been
one. of our greatest, vetoed. the Act of Congress, stating
that. the Federal Government was a trustee of these lands,
and. should administer them for the benefit of the states
wherein they lay. Abraham Lincoln stated the fact of the
trusteeship on the passage of the Homestead Law, which
gave rather than sold land to acrual sertlers.

The Civil War again increased the national debt, and
made it advisable for the national government to retain
every possible resource. Later when the war debt was
largely cancelled and a surplus existed in the treasury the
government loaned about $30,000,000.00 to the eastern
and central states, to assist them in paying their debts.
These subsidies were never repaid. Today, ar compound
interest, they would amount to hundreds of millions of
dollars, so perhaps the eastern portion of our nation has
been repaid their tax expenditures in conquering the west.

In the early days it may have been good policy fot
the nation to administer the public lands. The frontier
state governments were new, and the short occupancy of
the lands had not yet given the people of the new com-
monwealths the stable and honest governments that come
with a [ove of the home [ands. Certainly today, after
several generations have lived in them, the people of
the western states possess state pride, and are as much
inclined to honestly and wisely administer the resources
of these stites as any outsider or carpet bagger can ever
be. '

Mishandling of lands by state officials today would
result in their removal from office, and the cancellation
of any fraudulent transaction. Theoretically it is equally
possible to change national officials who mis-handle pub-
lic lands, but practically it is very difficult. Those in-
terested in public lands are relatively few in number, and
the question of land administration cannot compete for
narional interest with questions like the rariff, prohibition,
national finance, unemployment, international debts and
even religion. The public land question may be para-
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mount to the people of the few western states, but if
the Federal Government continues to administer those
lands they will be controlled by men elected to office by
reason of their presumed positions on other issues.

We are inclined to look upon our government as having
been without material change since its creation. This is
untrue. Real power in government, regardless of constitu-
tion and laws, lies in the hands of men strong enough
to take and keep it. We have had Presidents of the Unit-
ed States who were virtual dictators, but men in other
positions have also bossed this country. Speakers of the
House of Representative, like Tzar Reid and Joe Cannon,
Chairmen of the House Appropriation Committee and
the Senate Finance Committee have temporarily dominated
our affairs. A strong Chief Justice of the Supreme Court,
Marshall, who presumed to tell Congress what laws it
could pass or not pass, has been the real power in our
countty.

Today this power is in the hands of the Federal Bu-
reaus, with the director of the budget looming as a
possible contender for power. How can it be otherwise
when 11,078 laws and resolutions were introduced in
the final Session of the 71st Congress? What member of
Congress could have studied these measutes and the 43,-
599 pages of Committee Hearings regarding them? How
many read the 13,336 pages of the Congressional Record
of the debates on the Bills that got by the committees?
How can the members of Congress be advised regarding
the innumerable macters on which they are calied to
vote? They cannot. So, instead of being governed by
laws, we are rapidly being ruled by Bureau rules and
regulations.

How can the President select the 600,000 Federal em-
ployees who execute the law and theit own rules and
regulations which the courts have decided have all the
power of laws? How can the ten heads of the depart-
ments, with an average employee list of 60,000, personal-
ly select their subordinates?

The real government of America is changing. Power
is shifting, without constitutional changes, theoretically to
Congress, but actually to the Bureaus. It is now a ques-
tion as to whether public lands shall be administered
by officials chosen by the people, who have an oppor-
- tunity to know their abilities and duties, or whether they
will be selected by some one else, selected by some others,
selected by the President. The last selection is removed
four or five steps from the original soutce of authority.

Our population is now 25 times as large as when ad-
- ministered by our first President, but the number of our
Federal employees is 4,500 times as great. The average
American today maintains 180 times as much Federal
supervision as had our forefathers. The load is too heavy,
and the situation gets worse instead of better. The army
of civil employees is 150,000 larger than it was just
priot to the great war. The present depression has caused
a demand for economy in government, but instead of
abolishing useless boards and commissions the last years
saw an increase of 8,000 Federal employees in the City
of Washington alone. Apparently, without having formal-
ly adopted the British dole system, we are competing
with her in feeding a larger and larger number of non-
producers. However, our selection of those helped with

govetnment funds are not those most in need of assist-
ance.

Two dangerous results can be anticipated from the
extension of the Federal Government into the affairs of
our people, besides that of excessive cost. One is the
loss of an inmitiative in our citizens that heretofore has
had the admiration of the world. The other is that Bu
reaus tend to be self perpetuating.

Theoretically the President appoints Federal Officials,
but in return Federal Officials practically insure a Presi-
dent his renomination or the choice of his successor. As
it is hard to fire one’s supporters the circle is complete.
If voting were not wisely prohibited in the District of
Columbia, where many of the Federal employees live,
they would cast approximately as many votes for Presi-
dent as the total in six of our public land states, but our
national officials influence a much greater number of
VOLErs. ’

The legislative and executive leaders of both political
parties have long realized the ill effect of the increasing
number of Federal employees, but they have been unable
to do anything to remedy the situation. They have been
powerless to adjust and consolidate overlapping Bureau
activities. There is probably no. greater service the public
land states could render the nation at this time than to
reduce ot stop the increase of Federal employees.

ft is no longer a question as to whether the State Leg-
islatures or Congress will be the real judge of legislation.
Measures introduced into Congress are not immediately
considered by that deliberate body, as was originally in-
tended and once done. They are printed and referred to
the heads of the Executive Departments, by whom they
are referred to Bureau heads, who in turn submit them
through channels to some obscure clerk who is presumed
to know about the subject. His approval or disapproval
when countetsigned by those in higher authority deter-
mines the fate of 95 per cent of the Bills submitted. Only
measures of great national interest can arouse Congress
to act contrary to the recommendations of the Bureaus.
The Bureaus exert much influence in the appointment of
members of Congress to the various committees that will
consider the Bills in which they are interested. They can
help or hurt members of Congress in their districs by
the expenditures of national funds. When an administra-
tion has a large majority in the House of Representa-
tives the power and influence of a new Congressman is
insignificant. While the Bureaus frequently control the
House Members they sometimes in return provide jobs

for “lame duck” Congressmen who have been active in
their behalf.

The Senators, with more clerical assistance to make in-
vestigations, still retain some independence, but the Bu-
reaus are usually successful in securing their desires against
the opposition of the few Senators whose states are con-
cetned in the matter at issue. The director of the bud-
get has become about the only Governor on the Bureau's
machinery. During the last administration he frequently
denied - Bureaus’ proposed expenditure, including items
as small as a hundred dollars that did not meet his ap-
proval, stating that they were not in accord with the
economic program of the President. A strong man in this
position may become another temporary boss of our na-
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tion, especially if we continue to centralize authority in
Washington.

We are a queer people. Our nation was formed shortly
after the struggle between the British Parliament and
the Crown had tesulted in victory for the legislative
bodies and their control of expenditures. The constitution

framers, knowing their history, insisted upon the House

of Representatives as the body closest to the people, re-
taining the right to initiate appropriation. Today we have
the budget prepared by an appointee of the Executive,
just like the King's Minister one time prepated the
King's levy, but under the name of budget we fail to
see that we have merely gone back to old conditions once
thought so bad that a few heads fell before it was de-
cided that the representatives of the people should handle
their purse strings.

The Bureaus long since realized that they can not
govern the country from Washington. They have located
headquarters in various districts, which sometimes con-
form with the state lines, so if our drft towards na-
tionalism continues and state government becomes im-
potent, and our governors are limited to social duties
we will at least have some real government available for
local inspection.

It is said that if we had a perfect government for a
generation we would lose the aEi]ity to govern ourselves
with the death of the perfect officials. Danger from this
soutce does not seem imminent, but we may lose the
ower of self government if we continue to increase the
Functions of Federa] employees who are above and be-
yond the reach of indignant voters. A business de(inression
may cause the change of administrations, but under civil
service the Bureaus’ power would probably continue the
same as they have in the past. Business panics are de-
ptessing. Revolutions are mussy and distutbing, so we
should find some other way to return government to
the people.

Congress for thirty years has tried to pass a Public
Land Grazing Bill. In 1925 hearings were held all over
the west. A Bill was prepared, but defeated. The Bu-
reaus opposed its passage, unless they were lefc wich
complete control of the public domain.

Elected officials are answerable to the Courts. The
Tax Assessor who values your property, the County
Commissioner or City Councilman who condemns your
property for public purposes, the Sheriff or the Police-
man that arrest you must meet you as an equal in our
Counts, and justify their actions. A Jury of your peers
decides your case, but the Federal Official in charge of
Forest, Park and Indian Reservation is a member of a
Bureau that makes rules and regulations. He enforces
them as his fancy dictates, and is Policeman, Prosecuting
Attotney, Judge, Jury and Executioner within his domain.
This is a strange procedure in a nation which started out
by dividing governmenc into three distince branches, Leg-
islative, Executive and Judicial.

The government reservations of the west include the
best lands. The Indian Reservations were selected either
by the Indian themselves occupying these lands or by
those anxious to preserve their interest. These lands are
better than the average. Their size has been increased
much fastr than the growth of the Indian population
they support. The Forest Reservations, representing the

best watered areas of the semi-desert west, are in gov-
ernment control. We see much propraganda regarding
the benefit of Federal Forest administration, but for
actual result, according to Senator Oddie “The Forest
Service is reforesting something like 35,000 acres a year
as against numbers of millions of acres that are de-
nuded of forests by fires, insect pests and lumbering.”
The Parks, including the most beautiful portions of our
states, taken by the Federal Government, have been hand-
ed over to monopolistic exploitation by Jatge companies.

Additional land is being putchased or exchanged by
the government to be put in these Reservations. It seems
strange that our Constitution that requires the consent
of the states for the purchase of land “for the erection
of forts, magazines, arsenals, dock yards and other need-
ful buildings,” which we all admit are necessaty for the
public defense, would permit che alienation of land from
ptivate owners for minor purposes without state consent.
If the Constitution did not* give either the states or the
nation the power to destroy each other it appears wrong
that the gradual strangulation of a state by the elimina-
tion of its taxable property should be possible by the
Federal Bureaus.

The Bureaus are seeking to control the waters of the
western streams, although most of our land is valueless
without water, and those who control the water can
control the land with it

Federal Commissions are struggling to obtain control
of the hydro-electric power of the west. Millions of acres
recently have been withdrawn in Arizona that contain
potential water power; the ultimate value of which equals
the entire present assessed valuation of property in the
state.

Indian Reservations have been extended in Arizona
and Utah to include water power sites and when these
are developed the Indian Department, as in the past,
will demand payment for the use of these sites. There is
no logical reason why this generation of Indians should
be supported by the western users of electricity even if

the government does feel it is under obligations to sup-
port the Indians.

Half of the present Forest Reservation lands do not
include areas with merchantable timber, but they are far
mote valuable for grazing purposes. Unable to get their
Grazing Bill through Congress, the Bureaus are indirect-
ly tying to extend their power and control by having
lands added to the Forest areas that contain no timber.
The excuse is protection of the watersheds. If chis is
for the benefit of cities must the Federal Government,
created by the states, intercede to protect the cities, which
are a like creation of the same agency? If for land
reclamation, can not our irrigation states handle irriga-
tion problems, including watershed protection as well as
the Federal Government?

Only one-third of the seven and one-half million acres
of Forest Reserve in Utah is really timbered, but the
Forest Bureau proposes to add two and one-half million
additional acres to that which they now control. Present
Indian Reservations in Arizona have an area of about
nineteen and one-half million acres. Three hundred
thousand additional actes ate proposed. The National For-
ests now include eleven and one-half million acres, of
which only about three-eighths is cimbered, but chree
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million seven hundted thousand actes of non.timbeted
Jand is ptoposed tw be added by the Narional Forester,
who at least temporatily has teduced ‘the eight million
seven hundred thousand actes which the District Fortester
thought should be added to his sphete of influence. Na-
tional Patks and Militaty Resetvations included seven
hundted thousand actes befote the tecent addition of
one million eight hundred thousand actes. A rtotal of
abour fotty-thtee pet cent of Arizona is now in Reserva-
tions, and if the Buteaus ate successful in theit plans
this will be incteased to about 58 pet cent ot an atca
equal to that of the State of Washington. If the Federal
Govetnment teserves the conttol of all the mineral in-
cluding coal and oil, of the lumber, power, water and
grazing lands of the west, the transfer of the remaining
wotthless lands to the states would be of benefit only
to the Buteaus that might theteby issue mote modest
staustics on Federal encroachment.

It is futile to criticise withour suggesting a temedy. This
nation today is tuled by otganized minotities. That we
do not like this system of govetnment is no teason why
. we should not use it if it is out only tecoutse. Buteaus
can not exist without approptiations. The Represenratives
from the .westetn states ate compatatively too few in
numbet, and pethaps too anxious to have the Buteaus
expend funds in theit distticts to offet much hope of
cutbing the Buteaus, but the eleven public land states
have twenty-two Senatots and the Senate must approve
all Buteau appropriations. A lictle group of abour half
this numbet have been the balance of powet in the United
States Senate fot the last decade. If fifteen ot twenty of
the westetn Senatots will unite on any fait policy for
the local conttol of westetn lands they can insute irs
adoption.

The Governots of the westetn states possess the most
powetful peace time weapon, publicity. If you gentlemen
will unite on a policy of tesistence to futthet Federal
enctoachment, and the cuttailment of present supet-
fluous activity by the Fedetal Govetnment in affairs that
should be handled by officials answetable to the people
at the polls, and will atouse the citizens of your com-
monwealth your Senatots will be glad to catty our the
wishes of yout people, and the conttol of the lands and
tesoutces of your states will be vested whete they wete
intended to be, in the hands of those without whose
adjacent tesidency they would be wortthless. Lands and
tesoutces have always been obrained or tetained by fight-
ing. Human natute has not changed. If the West desites
to conttol its own tesoutces it must fight to do so.

WATER LAW

Recent decisions of the United States Supteme Courtt
indicate that the Ripatian law of the Eastetn and the
Appropuation law of the Westetn states have both been
discatded in intetstate watet suits, and that each case
submitted to the courrs will be judged on its opinion of
the equities involved. Governot Hunt, in tesponse to a
request of the Govetnot of Pennsylvania, submitted the
following ideas on the tendency of the coutts to supplant
law by opinion.

: August 17, 1932
Deat Govetnor Pinchot:

I appreciate yout inquity as to my suggestions for a

faw to clatify the interstate water situation. It appeats to
me that a Constitutional Amendment tather than a Con-
gtessional Act would be tequited.

The Constitution does not mention, among the powers
given Congtess, the conttol of itrigation watet and hydro-
electtic powet. The Supteme Coutt has tepearedly said
Congressional conttol of tivers is limited to navigation,
but if water and powet conttol originally vested in the
states is denied the Fedetal Government by the rteserve
clause of the Constitution it would appear thar this same
tesetvation exists against the judicial as well as the leg-
islative branch, and that the Fedetal Coutt should nor
constitute itself a patetnal authotity to divide watet, etc.
berween the states, as it petsonally thinks most equirable
in each individual case.

As the states have no allegiance to intangible and im-
potent intetnational laws, the recent assertion, that the
coutt is following these in irs watet decisions, does nort
appeat to be justified. In other wotds, the Supteme
Coutt should detetmine what laws apply, and theit mean-
ing, but not legislate ot create laws rtegarding subjecrs
neithet delegated not implied to the Fedetal authoriry.

Constitutional amendments and intetstate compacts pro-
vide methods of handling provision omitted from the
Contitution. Thetefore, - thete is no need for small ap-
pointed coutts to otiginate faws, and I think that they
have assumed too much authotity in setting aside the old
apptoptiation laws of the West and the Ripatian Laws
of the East by theit tecent decisions assertedly based on
equity.

It is genetally admitted that during the fitst Centurty
of ourt histoty the coutts construed out Constitution much
mote litetally than at presenr, and that lately. (no doubt
in tesponse to a populat opinion} they have given de-
cisions that have increased the powet of the national
government at the expense of the states. The growing
populat opposition to the extension of Federal Buteau-
ctacy may tevetse this tendency, but it appeats to me
that it would be safer if out Nation depended on chang-
ing out National Constitution by amendment, tathet than
by changing the petsonnel and the opinions of the mem-
bets of the court.

In the Hoovet Dam case the Supteme Coutt announced
a legal fiction in saying it took judicial notice that the
Colotado Rivet was a navigable stteam. Had they tried
the Artizona-Califotnia case and taken evidence, it would
have shown thete has been no navigation for several
decades. The coutt could have taken notce that Congress
subotdinated navigation to othet uses on the Colorado
River in approving the Santa Fe Compact and Bouldet
Dam Act. Confidence of the people and the srates in
the coutts is hutt when they use technicalities to deptive
communities of theit tesoutces.

This National Adminisctation, as far as it telates tg
watet conttol, is composed of men from Califotnia. Theit
endeavot to transfet billions of valuable Arizona rte-
soutces to theit Califotnia constituents is provincial, and
demonstrates the necessity of the Constitutional guatan-
tees that should supplant the suttendered tights of che
states to atmed defense against aggtession.

In the Colotado Rivet case the administtation is trying
o do the same as if it had ptohibited taxation to Penn-
sylvania and Maryland on yout intetstate project at Con-
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owingo on the Susquehana, and then sold the power ex-
ttemely cheap to an outside state like New Jetsey.

1 think that the states should have the same tight to
tax watet powet that Pennsylvania has to rax het anthta-
cite coal before expottation. If the Hoover Dam site was
taxed, as Matyland taxes the intetstate powet at Cono-
wingo, Atizona would secute yeatly one million and a
half in taxation. Atizona is despetately in need of this
tevenue.

I fully tealize the supctiot necessity of watet fot do-
mestic putposes ovet that of irrigation, also that it would
be uneconomical ‘and un-Ametican to desttoy wealth by
dtying up ptesent cultivated land in one state in otdet
to bting in new land in anothet, but I tesent the sub-
tetfuge by which ptesent watet necessities ate used to
give one state a monopoly on all futute development.

As watet is from ten to one hundted times as valuable
for domestic putposes as for ittigation cettainly cities in
need can pay for it. I doubr that the Fedetal Govetnment
is justified in subsidizing city watet wotks of Los Angeles
our of the Federal Tteasuty, bur I am cettain that it is
unfair to divett Atizona tesoutces fot such subsidizing.

If the water tesources of the states, including power,
ate to be disposed of by the National Govetnment, we
can bur expect each gtoup of officials who temporatily
conttol the Nation, to, human-like, give the lion’s shate
to theit friends, ot to those possessing the greater politi-
cal powets that may secute theit re-election.

Out local ptoblems may seem temote from you and
your people, but ptecedents ate being cteated hete that
will be of vital concetn in the division of the watet and
powet of yourt eastetn intetstate stteams. On this account,
I believe that this is a national question, and that yourt
intetest in this mattet is watranted.

Very sincerely.youts,

GEQ. W. P. HUNT,
Govetnot.
Hon. Giffotd Pinchot,
Govetnot of Pennsylvania,
Hartisburg, Pennsylvania.

Gibbon in his “Decline and Fall of the Roman Em-
pite” said “The disctetion of the judge is the fitst en-
gine of tytanny. The laws of a ftee people should fote-
see and determine evety question that may probably atise
in rthe exetcise of powet and the ttansactions of indus-
try.” In othet wotds, the rules of the game should be
agteed upon befote. the catds ate delr.

HOOVER DAM MISTAKE

From Glenn Canyon to the Hoover Resetvoit the Colo-
tado Rivet has a fall of 2300 feet. Complete tivet de-
velopment could rtesulr in over 6,000,000 H.P. being in-
stalled on this section of the tiver if stotage is cteated
at ot above Glenn Canyon. Withour such storage powet
development is uneconomical.

The fedetal engineets ate depending upon up stream
stotage to teduce the filling by silt of the Hoover Resct-
voir and to teduce the amount of tesetve capacity needed
for flood conttol so that power outpur can be main-
tained by incteasing the head on the tutbines as the
stteam flow is decteased by additional ittigation in the

upper basin states. Evety comptehensive plan of rivet
development tequites uppet stotage, but when this uppet
stotage is secuted not ovet 2,500,000 acte feet of irriga-
tion stotage will be needed in the lowet tivet to adjust
continuous powet flow to seasonal irrigation demand.

The ptoposed Hoovet Resetvoit will contain 30,500,000
acte feet. When uppet stotage is eventually secuted, 28,-
000,000 acte feet of this stotage will be sutplusage. From
the great atea of the tesetvoir, each yeat thete will be
wasted unnecessatily by evapotation about 700,000 acte
feet of watet. This is about the same amount of wartet
now used on the Salt River Project. It is two thitds of
the amount the Mertopolitan Wartet District of Los An-
geles is spending $300,000,000 to rake to the coastal plain
so the loss may be compatatively figuted at Two Hun-
dted Million Dollats. '

With this useless waste of watet some 60,000 hotse
powet will also be lost, wotth from Twelve to Eighteen
Million Dollats.

As a powet project the great capacity of the Hoovet
Resetvoit will be a handicap instead of a benefit aftet

storage is secuted in the uppet pottions of the stteam

as following an extended drougth ir will tequite sevetal
seasons to tefill.

It would have been cheapet and safet to have built a
220 footr dam at the Hoovet site and a 365 foot dam at
Grand Wash than to build the entire 585 foot srtuctute
at Hoover.

The two strucrutes would have ptovided sufficient im-
mediate flood conttol.

A berttet plan yet would be to build the Hoovet Dam
from 250 ro 275 feet high and to build the dam at
Matble Gotge just below the Glenn Canyon. These two
sttuctutes would cost less than the Hoovet Dam and
would fit into a comptehensive plan of complete river
development.

When we need all of out powet and water it will pay
to install the Gtand Wash Dam in the Hoover Resetvoit
to save the excess evapotation but it would save millions
of dollats if the height of the Hoovet Dam wete teduced
now.

Some opposition to the $300,000,000 Mertopolitan
Aqueduct is growing in Los Angeles. Membets of the
City Council have ctiticized it in theit meetings and in
the ptess.

They contend that Owens River watet is bettet, cheap-
et to secute and in sufficient quantity to provide for
the needs of at least the next two decades, thar the peo-
ple of Los Angeles can not affotd to subsidize new agti-
cultute by paying $26.66 pet acte foot fot pumping
watet ftom the Colotado River to sell it to itrigation
ptojects fot $10.00 pet acte foot.

Should Los Angeles postpone the building of the
aqueduct, thete will be no immediate sale for 60% of
the power from Hoover Dam. As a high dam ar this
location is not needed fot flood ot silt conttol not fot
tegulation fot irtigation ot navigation but solely fot
possible powet putposes the probable postponement of
powet demands wattants a change in the height of this
dam. Such teduction in height could still be made with-
out much sactifice of wotk alteady done and ar great
future financial benefit.
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FACTS ARIZONANS SHOULD KNOW

The belief in Atizona that the present narional administration and the other Basin States have been antagomnistic to
Atizona and parrial to California has the following facts for justification:

1. TIrrigation projecrs and dam sites desited by Califotnia
were investigared by Federal aurhotities.

2. Three Cabinet members, composing the Federal powet
Commission, opposed the Boulder Project.

3. E. C. LaRue, hydraulic engineer, principal investigarot
of the Colotado River for the Unired States G. S., op-
posed the Boulder project.

4. The govetnots of the Upper Basin Srates with their
advisers, at Denver in 1927, unanimously endorsed a speci-
fic warer division among the states; a limiration on warers
to be allotted Mexico; the tight of srares ro rax hydro-
electric watet power,

5. The Bouldet Dam Act exempts California irrigation
from any payment for the storage and delivety of warer.

6. The Boulder Dam Acr provides thar power plants
and tevenue thetefrom in California can become owned by
California Districrs.

7. The Boulder Dam Act does nor intetfere wirth srare
conttol of a single California scream ot power plant.

8. The Senatotial compromise thar tesulted in stopping
the filibuster against the passage of the Boulder Dam Act
contemplated Califotnia secuting abour 5,000,000 acte
feet of Colorado River watet.

9. The Boulder Dam Act passed Congress on the tep-
tesentation of the California delegation that warer for the
coastal plain was to be limited to domestic use.

10. The Boulder Dam Act was passed on the represenra-
tion that California would finance the aqueduct and rrans-
mussion [ines necessaty to guatantee the conrtacts providing
fot the tepayment of govetnmenr expenditutes ar Hoover
Dam.

. 11. The Bouldet Dam Act was passed on the represen-
ration of its proponents thar power sale ptices should be
sufficient to insute repayment of federal expendirures in
fotty yeats.

12. The Bouldet Dam Acr passed Congress on the tep-
resentation of rthe Secrerary of Intetior that a chatge of
three mills per kwh would be made for Hoover Dam
Power. : :

13. The President’s Colotado Review Board recommend-
ed thar the Secrerary of Inrtetior’s tentative charge for
storing water be increased.

14. Coal and oil rtoyalties of 3715 % of the gross te-
~Ceipts go to states in which these sources of power are
developed on Fedetal lands.

Projects and dam sites in Arizona were nor investigared
by Federal authoriries even when Arizona offeted to pay
the cost.

Two died, the third, tecanted, became Hoover's cam-
paign manager, and received an honorary degree from a
California univetsity.

He was eliminated from government service. Othet
government engineets were silenced.

A majotity of the Senarors and Congressmen of the
Upper Basin Srates in 1928 vored for the Boulder Dam
Act, which is devoid of these provisions.

The Boulder Dam Act enables the Sectetaty of In-
tetiot to charge Atizona projects for storage whatever he
sees fit.

The Boulder Dam Act provides that power plants and
the tevenue thetefrom in Arizona shall be owned by the
Federal Government forever.

The Boulder Dam Act purpotring to consttuct one
reservoit, power plant, and canal, if constiturional, con-
rrols all the wartet and power in all Arizona stteams for
all putposes.

Jokets in the Act permir California to claim over 7,-
500,000 acte feet of watet our of the 8,500,000 acte feer
the Lower Basin is permited to use.

The first session of the California Legislarure, succeed-
ing the passage of the Boulder Dam Act amended the
Mertopolitan Water District law so thar warer can be sold
fot irrigation use.

The Mertopolitan Warter District is securing funds
from the Reconstruction Finance Cotpotation for Califor-
nia Dams, Power Plants, Canals, Transmission Lines and

City Warer Works.

The fpc’wet contracts provide thar afrer ren years the
ptice of power shall depend on the cost of transmission
to Southern California and the price thete of comperting
power tegardless of the debr to the government.

The Secretary of Interiot has contracted power ar ap-
proximarely twe mills pet kwh.

The Secteraty of Interiot conrracred to store warer for
the Mertopolitan Water District for less than this ten-
tarive price.

The Boulder Dam Act ptovides thar the Srares of Ati-
zona and Nevada ate to receive a royalty on hydto-elec. .
tric power of but 3715 % of the net teceipts fot bur the
forty yeat amottization period, and the Secreraty of In-
tetiot has concracted power ar so small a price thar any
ner teceipts are improbable.
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DRAINAGE AREA
COLORADO RIVER BASIN m———__

RELATIVE AREAS IN THE SEVEM STATES -
Upper Basin shown by horfeontal lines /
Lower Basin shown by diagenal lines
—~—— California shown black, ;

e —

UPPER DIVISION
Cols 33,000 sq.mi. el 4

NMex. 23000 9.5
Utah 40,600 16.5 [ J0%
Wyo. 13,000 18

_ LOWER DIVISION
Arz, 103,000 5g.rmi. 42,64
Colif. 6000 7.5 | 50%
Nev. 12,000 5.0 |
(U.5. Sern.Doc. Mo, 142)

- —

T MADDOCK, ENGR

There is three and one-half times as much potential water power in California alone as in the
entire Colorado River basin.

There are more people living within the Colorado River basin and dependent on its waters in
Arizona than in the other six states combined. '

Arizona has seventeen times the area possessed by California within the Colorado River basin. _
Arizona has twice the good land that can be irrigated by feasible gravity flow from the Colorado
River and its tributaries as California.

By the rules of justice, equity and economics, Arizona should receive more from the Colorado
River development than California. Political influence alone has occasioned the attempted de-
livery to California of the lion’s share of the waters and power of the Colorado River.

The total ultimate area irrigable from the Colorado River and its tributaries in Arizona, in-
cluding existing projects, gravity projects herein proposed, areas below proposed canals subject
to soil reclamation, pumping-projects from proposed canals and local sources of water if cheap
power is obtainable, total approximately four and one-half million acres. See fact 22 on op-
posite page.
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15. Candidate Hoover in 1928 advised Arizona that he
favored state taxation of Colorade River power plants.

16. The Boulder Dam Act provides “That the States of
Arizona, California and Nevada shall be given equal op-
portunity as applicants for power.”

17. The #$165,000,000.00, authorized in the Boulder
Dam Act for California, has been appropriated by Con-
gress as needed. :

18. The Secretaty of Interior has contracted the sale of
power to California cities, districts and power companies.

19. The Secretary of Interior has given small cities in
California unlimited time in which to take power allotted
to them,

20. The Secretaty of Interior disregarded the provision
in the Boulder Dam Act that no money could be expended
until a state’s compact was approved and expended $385,-
000.00 on California’s canal survey.

21. United States Treaty Commissioners have agreed that
Mexico shall receive power produced in the United States
at the same price as American consumers.

22. The Mexican Treaty Commissioner in the report of
the International Water Commission H. D. 359, 71st
Congress, gives Mexico's irrigable area as 1,961,000 acres.

23. During this depression the Federal Government has
provided $365,000,000 for California development.

President Hoover neglected to provide for state " taxa-
tion in the Hoover Dam power contracts.

The Secretary of Interior contracted to sell 64% of
the firm, and all of the cheap dump power to his Cali-
fornia constituents.

The funds authorized in the Boulder Dam Act for the
investigation of projects in Arizona have not been ap-
propriated.

The sovereign states of Arizona and Nevada alone and
not their subdivisions or corporations may purchase power.

Power not taken by Arizona within fifteen years after
it is available is subject to reduction of allotment.

The Secretary of Interior failed to report on the survey
of the Parker-Gila project on December 10, 1931 as in-
structed in the Boulder Dam Act.

The Secretary of Interior provided in the California
canal contract that the Yuma Arizona groject should pay
10% profit to California districts producing power.

The American Commissioner reported Arizona's ulti-
mate irrigable area as 890,900. He omitted all j)rcsent
irrigation from the Salt River, Gila, Little Colorado, etc.

The Phoenix Federal Building, for which funds were
available July 1, 1930, is still a hole in the ground.

The facts that the Secretary of Interior advertised and let the contracts for the Hoover Dam before the Supreme
Court decided Arizona’s suit to prevent his action, that the Supreme Court decision was based on “navigation’ that does

not exist, that the House of Representatives did not even rea

the Boulder Dam Bill after it had been completely amend-

ed by the Senate, that the Secretary of Interior since the passage of this act has endeavored to place all the water power
sites in Atizona under Federal control; contribute to the belief that this state is being unjustly treated by the Federal

Government.

ARIZONA’S HANDICAPS

Several causes have contributed to the ill success that
Arizona has had in endeavoring to retain her resources
for the benefit of her own people.

Arizona citizens were not advised as to the possibilities
of development in this state. A majority of our leaders
and sources of news dissemination eatly discredited Ari-
zona possibilities, and have naturally slowly and reluctant-
ly changed their early attitude. Most of our people have
been busy with their own affairs, while many thought our
projects too large, or the obstacles insurmountable.

Arizona's prospects for additional irrigation develop-
ment were handicapped by the agricultural depression that
occurred - before the general depression diminished the
prospective immediate domestic water and power needs
. of Southern California. '

The forces in Southern California desirous of divert-
ing our resources to theit own enrichment were better
financed and organized. They succeeded in placing Ari-
zoma in a false position before Congress and the country
at large.

California had two advocates in the Cabinet of Presi-
" dent Coolidge, and in the Hoover administration has
had her citizens in key positions to secure whatever

they desired. Besides the presidency her citizens occupied
the positions of Secretary of Interior, Commissioner of
Reclamation and Executive Secretaty of the Federal Power
Commission. California was the only state in the Colorado
Basin that had citizens on the Mexican Treaty Commis-
sion, and by a trade with Texas they secured the support
of the Congressman from the Texas district interested
who was the minority leader and later the Speaker of
the House of Representatives.

Had the late election continued the present national
administration, there would have been litde hope for any
eatly relief for Arizona and the administration mighe
have proceeded so far that it would have been neatly im-
possible for the courts to remedy the situation just as the
President can so handle foreign affairs that war becomes
inevitable regardless of the constitutional restriction that
Congress alone may declare war. Following the decision
of the Supreme Court in the Arizona vs. galifomia case,
it appeared untimely to continue to seek redress at Wash-
ington, but advisable to get ready for later action. It now
would seem that immediately after March 4, 1933, Ari-
zona should resume her efforts before a more impartial
administration.
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RECOMMENDATIONS

The decision of the Supreme Court that the Federal
‘Government possessed the power to construct the Hoover
Dam for the purpose of facilitating commerce on the
navigable Colorado River settled that question alone.

The court refused to yet consider the division of the
water and power of the river among the states or the
right of the states to impose taxes upon hydro-electric
power plants or their outpur or on transmission lines.
The court’s statement that the rights of the State of Ari-
zona were unimpaired indicates that the contracts for the
delivery of 5,320,000 acre feet of water, and two thirds
of the power at the Hoover Dam, to California by the
Secretary of Interior, may be without legal warrant.

The treaty in process of negotiation with Mexico in-
cludes an allotment of Colorado River water to that na-
tion. The total of the demands for water of the various
states in the Colorado River exceeds the supply and any
of the states may petition the Supreme Court for an
equitable division of the river at any time.

The withdrawals by the president of millions of acres
of land in Arizona have been neither approved nor can-
celled by congress.

Therte is a movement in the eastern part of the United

States to stop all reclamation in the West and to expedite
repayments to the Government and a counter-organiza-
tion among the western states opposing [hls movement
with which Arizona should unite.

These matters necessitate attention by some active agency
of this State.

We, therefore, recommend the continuance of a Colo-
rado River Commussion, and that its efforts be directed to
apprising the incoming national administration of the in-
justice done Arizona, and to having it corrected, to’ pre-
paring for resistance to any treaty awarding a large amount
of water to Mexico and to assembling and compiling data
that will establish in court Arizona's claim to an equitable
share of the benefits accruing from the development of
the Colorado River.

Any service that the members of this Commission can
do for Governor Moeur, a succeeding Commission, ot any
other agency created to retain for our citizens, Atizona's
resources of land, water and power, will be gladly per-
formed.

G. W. P. HUNT
HOMER WOOD
SAMUEL L. PATTEE
THOMAS MADDOCK

FINANCIAL STATEMENT 1931-1932

Received
Balance Appropriation Chap. 104, Sub.

70 Laws 1929 ..o § 7,369.96
Appropriation, 1931 ... 100,000.00
$107,369.96
Expended
Legal (Attorney General, etc.)....... 1,772.98
Office (stenographer, telephone,
telegraph, postage, etc.) ... 3,979.62
Commission (Expenses for
travel, etc.) . 1,037.50
Engincering, surveys, plans &
ESUMALES oo 46,075.01
Withdrawals ... ... 1,431.71
Geological ... . 2,130.05
Soil Survey (3,500,000 acres) ... 16,365.16
Power Demand investigation ............ 655.69
Plates, etchings and half tones ........ 1,000.52
74,448.24
Balance.... ... . $ 32,811.72
Ourstanding

Ben N. Webber (salary) $100.00

Mtn. States T. & T. Dec.
Arizona Printers (for
printing report)

7.50
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APPENDIX
MINERAL RESOURCES

As there is no immediate marker in Arizona for the attract private capital, if public funds are unobtainable, we
entire amount of hydro-electric power that would be de- have had a preliminary survey made of the possibilities
veloped in conjunction with the irrigation of Arizona of increasing power use in the State. A similar but more
projects and as the sale of this power is essential in order extensive study of the same kind was made by the federal
to reduce irrigation water charges to an amount that would government on the Columbia basin project.

Preliminary Report
MINERAL RESOURCES SURVEY OF ARIZONA

With Reference to Electrical Power Demand
for

Arizona Colorado River Commission
BENJ. N. WEBBER, M.S., Geologist

Summary
Power Demand of the Mineral Industries.
7 Actual Demand

Normal Power Demand............... 121,345 H.P.

(Based on installed capacity only.
Exclusive of Power sold by S. R.
V. W. U. A and Central Ariz.
Power Co. and waste heat 1n-
stallations.) )

Potential Demand

g Probable
. Expansion of copper leaching....... 75,000 H.P.
Refining and recasting copper...... 29,055
Electrolytic zince .....ocooveemmeeee . 42,000
Lead refining ..o 804
White lead .......... et eeee e aaananna 1,147
Ferroalloys: :
Ferrosilicon .....ooooooveeceeee. 25,000
Ferromanganese ...............__.... 17,733
Ferrotungsten ... 441
Electrolytic iron ....cooooocoouvemeiicaaee. 330,700
Limes and cements _........ocoooeveiann. 42,977
Total ‘probable’ demand........._.. 564,857 H.P.
Total ‘actual and probable’
demand ... 686,202 H.P.
, Possible
Electrolytic zine ..........ccccoeveennennes 42,000 H.P.
Ferroalloys: _
‘ Ferromanganese ................. 17,733
‘ Ferrovanadium .................... 469
Electrothermic iron and steel . _.. 146,067
Mag‘nesium . ( 253,260
287,790
Alternate process and . 279,860
Raw material figures ( 314,390
Total possible demand :
Maximum _......_......... 520,695 H.P.
Minimum ... 459,565
Total potential demand :
Maximum .................. 1,085,652
Minimum ... 1,024,422
Total actual and potential
demand :
Maximum ... 1,206,809
Minimum ................. 1,145,767

INTRODUCTION

The primary object of this survey is to con-
sider the mineral resources of the state in re-
lation to their actual and potential demand for
electric power. The actual power demand re-
solves itself into an investigation of the in-
stalled power capacity of the mineral indus-
tries. The problem of potential demand is a .
function of the following considerations: (1)
The availability of raw materials and their
quality, quantity and composition. These are
essentially functions of the geological occur-
rance. (2) Mining methods. (8) Beneficiation
methods with particular emphasis on the ap-
plication of electrical processes. (4) Relative
costs. The satisfactory solution of the problem
depends on a careful and complete considera-
tion of the above involved factors. Due to the
exigencies of time, this report is of a pre-
liminary or reconnaissance nature and these
factors were only considered in sufficient de-
tail to indicate the results.

Electric power at average efficiency costing
two mills per KW.H. is equivalent to avail-
able coals at $3.50 per ton or coke at $9.50
per ton, for simple heating operations of a
non-chemical nature. Therefore power is sub-
stituted for fuels in such operations and enters
inte dthe total calculations of horsepower de-
manda.

The writer is indebted to E. D. Gardner,
Supervising Engineer of the Southwest Experi-
ment Station of the U. S. Bureau of Mines,

-who kindly reviewed this report. The Arizona

Bureau of Mines extended the courtesy of the
use of their library and the faculty of the
University of Arizona, College of Mines made
helpful suggestions.

Actual PowER DEMAND OF THE
MINERAL INDUSTRIES

Actual power demand is herein calculated
on the basis of installed horsepower, less the
amount of power generated by waste heat in-
stallations. The following does not take into
consideration the power purchased by mining
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corporations from the S. R. V. W. U. A. and in-
cludes only major mining or beneficiation op-
erations.

Average power consumption of present min-
ing and milling practice approaches 22 K.W.H.
per ton of ore. Two mills is less than one-
fourth the publlshed cost of power to the
major mining compames Power at this figure
would result in lowering copper costs approx-
imately 0.7 cents per pound on 1% ore.

Capacity
Operation H. P.
Gila Copper Sulphide
Cons, Christmas

Plant
1,350 Diesel

P. D. Smelter, )
Douglas 7,000 Waste heat boilers
P. D. Concentrator,
Warren 6,000 Diesel

Old Dominion, Globe 2,500 Oil fired steam
Ariz. Commercial,

Globe 800« “
Inspiration Cons.,

Miami 89,000 *“ ¢ “
Miami Copper Co., "
Miami 21,000

Nevada Cons., Ray

and Hayden 19,500 Coal ** “
United Verde, )
Jerome 8,500 Waste heat boilers
United Verde Ext., ) .
Jerome 3,700 ¢ ‘
P. D. Junction shaft,

Bisbee 1,450 Oil fired steam

New Cornelia, Ajo 20,000 *“ “

P. D., Morenci 5,000 Waste heat boilers
5,000 Diesel

Magma Cons.,

Superior 1,750 0il fired steam
Arizona Bagdad Co., )

Bagdad 975 Diesel

Clara A. S. & R, o

Swansea 1,000 Oil fired steam
Superior and Boston, .

Globe 1,000 Coal fired steam

Total Installed
..Capacity ... ..145,5625
Total Capacity,

‘Waste heat in-

stallations ......._.... 24,200

Installed Capacity
Less waste heat in-
stallations ............ 121,325

This figure, 121,325 horsepower, closely ap-
proaches the amount of power demanded by
the mining industry of the state, which is
amenable to replacement by hydro-electrlc
power at a lower rate than the present cost of
generation. The average published cost of
power of the major mining companies is 9.1
mills per K.W.H.

This quantity, 121,825 H.P., may also be
considered as stand by capacity, already in-
stalled, by any hydro-electric development
capable of absorbing this market.

Potential Power Demand
SECTION 1. PROBABLE DEMAND

LEACHING OF COPPER ORES

As a probable consumer of large amounts of
electrical power, the beneficiation of copper
ores by leaching methods is of flrst order im-
portance. The process is growing in use and
in the number of methods of which, the most
efficient depend on the expendlture of about
1.75 K.W.H. of electrlcal energy per pound of
copper produced.

GREAT IMPORTANCE OF COPPER INDUSTRY

Copper is, and probably will continue to be,
the chief mineral product of Arizona. Ap-
proximately 50% of the domestic production
and 26% of the world production is mined in
Arizona. Under normal conditions eight cop-
per smelters and over thirty milling plants are
active in the state. Published copper ore re-
serves of nominally commercial grade exceed
550 million tons and ore bodies undoubtedly
exist, data on which have never been made
publlc

Of the total copper production of Arizona,
93 % 1is the product of ten mines; 50% of the
total production is from low grade dissem-
inated ores requiring concentratlon previous to
smelting. Since the copper mining industry is
of a centralized nature, the application of
power to beneficiation processes would not in-
troduce a complicated transmission problem.

LEACHING PROCESSES

Leaching the copper content of an ore by
the use of solvents and recovery of the copper,
chemically as cement copper or electrolytically
as cathode copper, is a process with a wide
range of possibilities both in regard to reagents
and methods of application.

A brief outline of leaching applications and
methods follow: (1) Leaching in place. This
consists of circulating solvents through a broken
or fractured but unmined ore body, recovery of
the solvents carrying the copper in solution and
precipitation of the contained copper. This
method is most feasible where the gangue or
barren portion of the ore body consists of
chemically inert material which will not react
with the solvents used. This method has been
successfully used on quartzyte ore bodies in
Utah and resulted in a very low cost.

This method of leaching will undoubtedly
come into use in Arizona for the recovery of
copper from marginal ore after the principal
ore bodies of the large operations are ex-
hausted.



REPORT OF ARIZONA COLORADO RIVER COMMISSION 33

(2) Heap leaching. In this method the ore
is mined and placed in heaps so that free cir-
culation of air and solvents is possible. This
is an accepted metallurgic method but is ap-
plicable only to large tonnages as a long time
is necessary to complete the process. Leaching
heaps at Rio Tinto, Spain aggregate 20 million
tons and seven to nine years are required to
bring the extraction up to 80 to 85 per cent
of the contained copper. Heap leaching has
been practiced at Bisbee and Jerome. The
lowest cost copper ever produced at Bisbee
was by this method.

(3) Confined leaching. This method consists
of subjecting the copper bearing material,
ground to appropriate size, to the action of
solvents in tanks and precipitating the copper
from the resulting solution.

(4). Controlled roasting of chalcopyrite ores
and concentrates to produce a calcine with a
highly soluble copper content and a minimum
of soluble impurities. This is followed by agi-
tation of the calcine with sulphuric acid which
produces a copper sulphate solution. From
this solution the copper is precipitated electro-
Iytically. This is a recent development and is
reported to be successful at the Bagdad, Ari-
zona, plant of the Arizona Bagdad Copper
Company. ™

The first two methods are largely used on
oxidized copper ores. The third method on
oxidized or mixed oxide and sulphide ores and
the fourth method only on sulphide ores, prin-
~ cipally chalcopyrite. Milling processes prior

to leaching may be adjusted to facilitate leach-
ing operations. In some cases a middling prod-
uct may be leached and a concentrate roasted
and then leached. Therefore there hardly re-
mains a copper occurrance that is not amenable
to some type of leaching operation.

A large number of solvents have been devel-
oped. Sulphuric acid is the usual solvent as it
is commonly cheaply obtained from sulphide
ores near at hand. Ammonia and ammonium
carbonate are used on some types of ores. Fer-
ric salts are solvents of the copper oxides and
chalcocite. Hydrochloric acid is an excellent
leaching agent but its use is restricted by its

cost. Sulphur dioxide and sulphurous acid are

in successful use at Miami, Arizona.
Precipitants used do not cover as wide a
range as solvents, only two are commercially
successful, scrap iron and the electrie current.
Precipitation of copper on scrap iron produces
a product known as cement copper which may
be as low as 60% copper and requires further
refining to remove impurities. Electrolytic
precipitation of the copper from solution has
a twofold advantage over the scrap iron meth-
od; (1) The product of electrolytic deposition

{t) Baroch, C.D., Eng. and Min. Jour,, Nov. 30, 1929. Also paper
read before the Ariz. Mining Cnngress Prescott meeting.”

" power.

is cathode copper of a high degree of purity
and needs no further refining. (2) Deposition
by electrolysis regenerates the solvent so that
it may be re-used and results in substantial sav-
ings in costs.

TUTURE OF LEACHING PROCESSES

Leaching of copper ores, as a method of
beneficiation, is increasing. In 1929, 16.77%
of the copper ore beneficiated in Arizona was
so treated. The success of the Inspiration
plant in treating mixed sulphide and oxide
ores, with a successsively higher sulphide con-
tent and with continuously higher sulphide ex-
traction has been outstanding. In 1929 oxide
extraction was reported as 96% and sulphide
extraction as 84 % . The operation of the Bag-
dad plant in leaching roasted chalcopyrite con-
centration products is reported as satisfactory.
The amounl’z of copper ore treated by leaching
in Arizona in 1929 showed a 5% increase over
the amount leached in 1928. Leaching will
undoubtedly continue to so increase. The in-
creasing use of the process would be tremen-
dously stimulated by the development of cheap
power and it seems reasonable that with the
development of cheap power, the larger por-
tion of Arizona ores and concentrates would
be so treated.

Application of leaching methods to copper
ores and concentrates is only limited by the
fact that as yet no satisfactory means have
been devised to recover precious metals from
material leached. This becomes a disadvan-
tage in certain instances but the bulk of the
copper ores of Arizona do not contain suf-
ficient precious metal to warrant its recovery.
Therefore 50% of the Arizona copper produc-
tion is considered amenable to leaching.

SEVENTY-FIVE THOUSAND H.P. EVENTUAL DEMAND

The average copper production of Arizona
over the ten-year period ending in 1929, less
the amount of copper produced as cathode cop-
per from leachmg operations already estab-
lished, is 551 million pounds per annum. The
average current consumption of electrolysis of
leaching solutions is 1.756 K.W.H. per pound of
copper. The average annual production, 551
million pounds, would require 149,550 horse-
If 50% of this productlon were the
product of leaching operations, 75,000 installed
horsepower would be necessary. Considering
the expanding trend of leaching operations,
it seems reasonable that the latter figure will
be reached eventually. If cheap hydro-electric
power is developed this period of time will be
greatly shortened.

COPPER REFINING AND RECASTING

The expansion of leaching methods to event-
ually handle 50% of the Arizona copper out-
put would leave a residue of 275 million
pounds per annum to be pyrometallurgically
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smelted to blister copper. The electrolytic
refination of this quantity of copper would
necessitate a refinery of the same size as the
Maurer plant of the A. 8. & R.

CoprPER REFINING

Power represents one-half of the tank room
costs of electrolytic refining. At two mills per
K.W.H., power costs would be 0.8 mills per
pound of copper refined. Present power costs
at refining centers are approximately 2 mills
per pound of copper. This indicates that with
power available at 2 mills per K. W.I., or one-
half of the present average cost to the indus-
try, local electrolytic refining should be prob-
able. Including overhead power and conver-
sion loss, refining requires 0.38 K.W.H. per
pound of copper. Refining 275 million pounds
per year would require 16,273 constant horse-
power.

Practically all of the copper of commerce
passes through the cathode stage, either as the
product of leaching operations or of electroly-
tic refining of smelter products. Cathode
sheets are recast to ingots, cakes, wire bars,
etc., to facilitate handling and meet the de-
mands of the trade.

REcASTING REFINED COPPER

Recasting is simply a melting and molding
process. Care must be taken to prevent the
formation of cuprous oxide, or if it is formed,
to remove it by reduction with carbon. The
latter process is unsatisfactory as it evolves
gases that are absorbed by the molten copper.
Control of cuprous oxide is greatly facilitated
by the use of an electric furnace in the recast-
ing operation. (T.A.LM.E. 1914.)

Fuel costs of the reverberatory furnace are
approximately 0.2 mill per pound of copper re-
cast. The electric recasting furnace consumes
approximately 0.15 K.W.I. per pound of cop-
per. With a rate of 2 mills per K.W.H., elec-
trothermic recasting costs would be 0.3 mill
per pound of copper. The technical advantages
of the electric furnace are believed to offset
the slight difference in cost.

With cheap power available, it is probable
that all or a substantial part of the cathode
copper produced locally might be recast at the
point of production. In order to recast the
total average copper production of Arizona,
12,818 H.P. would be required.

CONCLUSIONS

Power necessary to electrolytically refine
50% of the copper production of Arizona and
to recast the total production of cathode cop-
per, from both leaching and refining opera-
tions, would be 29,055 H.P.

ZINC AND LEAD
ZiNnc OCCURRENCL

Zine is an important mineral resource of
Arizona. It has not been mined to any extent,
due to the long hayl to the nearest zinc smel-
ters. Zine, in Arizona, occurs largely in the
complex ores wherein zinc sulphide is asso-
ciated with the sulphides of lead, copper and
iron in an ore containing appreciable amounts
of the precious metals, gold and silver. The
occurrence of zinc in ores of copper and lead
has retarded the development of these metals
as its presence complicates smelting. Penalties
are charged by smelters proportional to the
zine content of the ore. This, together with
non-payment for zine, often renders a zine
bearing copper or lead ore uncommercial.

Zine, copper and lead sulphides may be sep-
arated from a complex ore by the process of
differential flotation. This renders the copper
and lead concentrates marketable but the ab-
gsence of a market for the zinc concentrates
militates against the commercial development
of an ore body. The zinc concentrates often
contain appreciable amounts of the precious
metals, If this is the case, these values are
lost unless the zinc céncentrate is further re-
fined. A local zine refinery would insure the
production of substantial amounts of lead, cop-
per, silver and gold as well as zinc.

The refining of zinec ores containing ap-
preciable amounts of the precious metals is an
electrolytic process and if the zine resources of
the state were developed, a heavy consumption
of electric power would be necessary.

ARIZONA ZINC RESOURCES

The zinc resources of a single Arizona min-
ing district are indicated in a paper presented
by Oliver C. Ralston, Research Director of the
United Verde Copper Co., at the St. Louis
meeting of the American Zinc Institute. Mr.
Ralston states that the Jerome distriet contains
a large tonnage of zinc ore. That, altho the
United Verde is developed to a depth of 3,000
feet and a new shaft will shortly go to 5,000
feet, development is incomplete and reserves
are unknown but, “there will apparently be a
greater tonnage of zinc ore than of copper
ore. “The United Verde is credited with & cop-
per production from 1888 to 1924 of 1,111,-
971,696 pounds of copper. (Lindgren, U.S.G.S.
Bull. 872.)

The potential zinc production of Arizona is

approximately as follows:
Potential production
In tons of zinc per

District County

*Cerbat Mohave 7%
tBradshaw Yavapai 90
*Dragoon Cochise - 12
*Patagonia Santa Cruz b3
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*Sierrita Pima . 37
*Oro Blanco Pima and Santa Cruz 22
tSuperior Pinal 20
1Eureka Yavapai ‘ 35

344

*From data by Arizona Bureau of Mines, 1927.
1Estimated.

This production would be in the form of con-
centrates about 50% zine, the product of the
differential flotation of complex lead, copper,
zinc ores.

A slight indication of the zinc potentlahtles
of Arizona is given by the accepted geologlc
hypothesis, that the zinc sulphides parageneti-
cally precede the copper sulphides where the
two occur together. Zinc mineralization 1is
therefore the product of a deeper zone than
copper. It is possible that the deeper devel-
opment of other copper mines containing some
zine will show an intensification of the zinc
mineralization on the lower levels similar to
the United Verde and develop a.zinc mineral-
ization comparable to the copper mineraliza-
tion in the shallower zone.

ELECTROLYTIC ZINC REDUCTION

The electrolytic method is the most satisfac-
tory for the production of zinc from ores or
concentrates that contain values in the precious
metals. The process is a post war development
and is in use at several large plants in the
western U. S. The process consists of three
steps; (1) The concentrate or ore is roasted
to reduce the zinc sulphide to zinc sulphate
and zinc oxide. (2) The zinc is leached from
this calcine by the ‘solvent action of sulphuric
acid. (3) The zinc is precipitated from solu-
tion and the acid regenerated by an electrlc
current, (electrolysis).

CONCLUSIONS

. Tabulation of the zinc resources of the state
indicate a potential production of 344 tons of
zinc per day. At least 200 tons of this would
be available on the establishment of a zinc
refinery of this capacity. The electrolytic pro-

" duction of zine requires an average of 1.5

K.W.H. per pound of zinc. Therefore a plant
with 4 capacity of 200 tons per day would re-

quire 33,5600 H.P. for electrolysis alone. Con-

version loss and overhead power would bring

the total to 42,000 H.P.

The erection of an electrolytic zinc plant in
Arizona 1is inevitable. The development of
cheap power would accelerate its installation.
The probable initial capacity of such a plant
is 200 tons, requiring 42,000 horsepower. The
remaining potential zinc production of 144
tons per day will be considered in calculations
for an additional 200 ton plant.

LEAD RESOURCES OF ARIZONA

The average lead production of Arizona for
the five-year period ending in 1929 was 19,-
487,067 pounds of lead per year. Of this pro-
ductlon 35% was from lead zinc ore and 65%
was from lead or copper-lead ore. This fig-
ure, 656% of the production or 12,670,000
pounds, represents lead production, ‘not_ de-
pendent on the production of zinc.

The zinc production, outlined in the section
on electrolytic zinc, would almost entirely be
derived from the differential flotation of com-
plex ores containing copper and lead as well
as zinc. The proportions of zine, lead and cop-
per in a complex ore vary through a wide
range but the average ratio is about one lead
to two zine. A production of 200 tons of zinc
per day would be accompanied by 100 tons
of lead. This amount plus the quantity de-
rived from non zinc bearing ores would bring
the total to 84,670,000 pounds of lead per year.

Smelting capacity for this amount of lead
already exists at Douglas and Humboldt. Lead
smelting is a pyrometallurgic process and re-
quires only a nominal amount of power which
is usually generated by waste heat boilers.

ELeEcTROLYTIC LEAD REFINING

Two lead refining processes are in general
use; The Parkes process, a fire method, and
the Betts process, an electrolytic method. The
Betts process is in use at points where power
costs are moderate as at Trail, B. C., and else-
where. With power at 2 mills the Betts pro-
cess would undoubtedly be the most advan-
tageous.

The Betts process is essentially as follows:
Cast ‘lead anodes are suspended in an electro-
lyte consisting of a fluosilicic acid solution.
The lead is dissolved from the anode by the
solution and deposited on the cathode by the
electric current, impurities remain in the slime
from the solution. The power consumed in this

operation is 0.05 .W.H. per pound of lead
produced.

CONCLUSIONS

With zinc refining facilities available, the
production of over 75,000,000 pounds of lead
per year would be eminent. The electrolytic
refining of this quantity of lead would require
670 H.P., conversion loss and overhead power
would bring the total power required to 804
installed horsepower,

ELEcTROLYTIC WHITE LEAD

One of the most satisfactory and valuable
pigments is the basic carbonate of lead. This
1s an electro-metallurgical product requiring
considerable power for its production. Either
fire refined lead of high purity or ordinary
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electrolytic lead may be used for the produc-
duction of basic carbonate. The lead resources
of Arizona are more than adequate for the
production of large amounts of lead 'plgr_nents.
Cheap power would establish a combination of
resources which would make Arizona a fav-
ored locality for the production of pigments,
at least in the quantity consumed by the Pa-
cific coast and Orient.

The following electrolytic process for the
production of basic carbonate is in lsuccessful
use. An electrolytic cell with a diaphragm,
an iron cathode and a lead anode is used. The
electrolyte on the anode side of the diaphragm
(anolyte) contains sodium acetate and sodium
carbonate and the solution on the cathode side
of the diaphragm (catholyte) contains the
same salts in different concentration. On the
application of the electric current, the lead is
dissolved electrolytically as lead acetate and is
immediately precipitated as basic lead carbon-
ate by the reaction with sodium carbonate. The
concentration of sodium carbounate is main-
tained on the anode side of the diaphragm by
the passage of the ionized salt through the
diaphragm. The anode consisting of basic lead
carbonate is filtered and marketed.

A plant capable of producing ten tons of
basic carbonate per day would require 1,147
H.p.

LIMES AND CEMENTS
CEMENT MATERIALS

The raw material of the lime of commerce is
limestone of high purity, essentially calcium
carbonate. The presence of magnesium car-
bonate, silica, alumina and iron are deleterious
if present in sufficient amount.

The raw materials of cement are, limestone,
argillaceous material such as clay, shale or
slate, and gypsum. The presence of argil-
laceous material and silica in limestone and
of calcium carbonate in clay, shale or slate;
allows the mixture of material to be adjusted
somewhat to the analysis of the raw materials
in order to produce a cement which consists
of 75% calcium carbonate, 20% of silica,

alumina and iron and not over- 5% of im-

purities. The ratios of silica to alumina and
of carbonates to insoluble must also be definite
quantities. The ratio of silica to alumina and
iron must be greater than 2.5 and less than
8.5. The ratio of carbonates to insoluble must
be between three and four. > Pure material is
therefore not essential to the production of
cement provided that the ingredients exist of
such composition that the mix may be cali-
brated to produce a cement of the desired
analysis.

(1) Bowman, R.G,, T.AIM.E. 1926.
(2) Bekel, Limes Cements and Plasters.

LIMESTONE RESOURCES OF ARIZONA

Lime has been made successfully at a num-
ber of points in Arizona, notably at Cedar
(Glade, Nelson and Perkinsville in the north
central part of the state and at Forrest Sta-
tion near Douglas. The Perkinsville deposit is
the Redwall limestone of Mississippian age and
contains an almost unlimited tonnage of pure
limestone. This deposit furnished flux to the
United Verde Extension smelter, containing
98 % calcium carbonate.®

Other than the deposits mentioned, limestone
of sufficient purity is probably more than ade-
quately distributed throughout the Paleozoic
formations of both northern and southern Ari-
Zona. ’

LocaL Sources oF CEMENT MATERIALS

The raw materials required for cement pro-
duction are also widely distributed. The Ari-
zona Bureau of Mines reports limestones and
shales of the proper analysis near Superior,
Ariz. 9 1t ig significant that the Riverside Ce-
ment Co. controls 1,200 acres of limestone and
asociated rocks near Winkleman, Arizona. Rel-
atively pure limestones are abundant in north-
central Arizona. The deposits from which
commercial lime is made have been already
mentioned. Clays for argillaceous material are
also abundant particularly in the Verde valley.
Gypsum which is used only in small amounts
occurs in quantity in the Verde lake beds of
Tertiary age as well as material of remarkable
purity in the Harrisburg member of the Kaibab
limestone of Permian age. Natural pozzuolanic
material is widely distributed over the south-
western half of the state in the form of vol-
canic tuff. Tuff of the proper alumina silica
ratio may be used in the production of cement
as basic slags are used as well as in the pro-
duction of Pozzuolan cement. Tuff has proved
an excellent light weight aggregate material.
The Los Angeles aqueduct consisted of 50%
pozzuolanic material as light weight aggregate.

ELEcTrIC POWER IN MINING AND CALCINING
LIMESTONE

Lime. The electric calcination of lime is not
practiced at present but since the operation is
simply dependant on temperature its use is
only a2 matter of costs. A 100,000 ton per
year lime plant, using power as calcination
fuel, thermic requirements would be 21,248
H.P. Overhead power and the power neces-
sary to mine the requisite limestone would
bring the total to 21,461 H.P.

Electric power at a thermic efficiency of
80% reduces the fuel cost well below that obf

(3) Hanson, Mayer, Yavapai Magazine, Jan. 1930
(4) Arizona Bureau of Mines, Unpublished data.
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tainable with Gallup coal. Lime materials are
relatively scarce on the Pacific coast and this
market is open to Arizona lime whose closest
competitor would be Nevada lime calcined
with Utah coal. The fines from a lime plant,
if sold to an adjacent cement plant, would also
result in lowering costs.

Powrr IN CEMENT, MINING AND CALCINATION

Cement. A 375-ton per day cement plant
(about equivalent to a 2,000 standard barrel
plant) requires 450 tons of limestone, 150 tons
of argillaceous material and ten tons of gypsum
per day. The thermal requirements of this
guantity of cement is equivalent to 17,705 H.P.
overhead power and the power necessary to
mine the required raw materials would bring
the total to 21,5616 H.P.

CONCLUSION

If power at two mills per .W.H. were avail-
able, the combined probable power require-
ments of limes and cement will be 42,977 H.P.

ELECTROTHERMIC PRODUCTION OF THE
FERROALLOYS '

The ferroalloys of silicon, tungsten and man-
ganese are essential ingredients of special steels
and are of interest because the necessary raw
materials for their production exists locally and
the general methods of production are electro-
thermic, requiring large amounts of electric
power.

LocalLy AvalLaLE IRON DEPOSITS

All of these alloys require iron as an es-
sential commeon ingredient, There are five
sources of iron available, (1) The Canyon
Creek iron deposit, (2) The Seligman deposit,
- (3) Fierro, N. M. deposit, (4) Ferriferous por-
tions of the Yavapai schist and (5) Electro-
Iytic iron produced from leaching by-product
pyrite.

FERROSILICON

The raw material used in the production of
this alloy is silica (silicon dioxide). This may
be used in the form of sand, quartzyte or vein
quartz of required purity. Vein quartz is the
preferred raw material. This i1s abundant
throughout central Arizona.

The product of the electric furnace is usual-
ly 16% silicon or over but lower grade mate-
rial can be made if demand justifies. Power
at 2 mills per K.W.H. should justify a produc-
tion of 32,700 tons of ferrosilicon per annum
which would require 25,000 horsepower. This
amount is approximately 12% of the annual
consumption of ferrosilicon in the U. S.

FERROMANGANESE

The raw material of this alloy is manganese
ore or concentrates of 35% manganese or over.
The production of manganese ores in Arizona
during war conditions, the only time a market
has existed, was equivalent to 7,600 tons of
metallic manganese. Furness, 1. C. No. 6034,
U. S. Bureau of Mines, estimates the low grade
ores of Arizona, subject to beneficiation, to be
capable of yielding concentrates equivalent to
8,300 tons of the metal per year. These fig-
ures were based on a long haul to markets.
Also the beneficiation of manganese has made
great progress since these figures were pub-
lished. The production of concentrates would
be substantially stimulated by the presence of
a local market and improvement in milling and
leaching methods would make lower grade ore
available. A 25% increase in the production
of concentrates would bring the total man-
ganese available to 10,375 tons per year. In
addition to the above the low grade sedimen-
tary ores of the Alamo-Signal district have re- .
cently attracted attention. These ores are
sedimentary manganese oxides and therefore
promise a large reserve. The tenor is low,
about 8.56% manganese. Beneficiation by sul-
phur dioxide leaching is contemplated and the
district is considered capable of a potential
production of concentrates equivalent to 25,000
tons of manganese per annum. The potential
manganese production of the state totals 35,375
tons of metallic manganese per year.

Half of this amount is considered as prob-
able production and its conversion to 76 % fer-
romanganese would require 17,733 H.P. Since
this is approximately 5% of the ferroman-
ganese production of the U. S. there would be
little question of its marketability, probably
the Pacific coast and Orient would consume
this amount.

FERROTUNGSTEN

The tungsten resources of Arizona appear
adequate although little definite data is avail-
able due to the fact that economic conditions
have permitted little mining as the market is
far removed.

The Boriana mine in Mojave county is a
producer of tungsten ore, the product being
consumed by the owners, the Stoody Rod Co.
The Quijas mine in Cochise county is equipped
to produce 35 tons of hubnerite (manganese
tungstate) concentrates per day. Scheelite
(calcium tungstate ore) has also been shipped
from several localities in Cochise county. Con-
siderable wolframite (tungstate of manganese
and iron) has been reported in the Tip Top
and Eureka districts. Hand cobbed scheelite
was shipped from northern Sonora during the
war. There is little doubt that if a local mar-
ket existed, adequate supplies of tungsten ores
would be forthcoming.
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There are several chemical methods of pro-
during tungsten salts. The electric furnace
produces an alloy suitable for steel makers re-
quirements. The present domestic production
of ferrotungsten is almost entirely from im-
ported ores. The electrothermic production of
ferrotungsten containing 70% tungsten re-
quires 7,600 K.W.H. per ton. A yearly pro-
duction of 281 tons of ferro, 12% of the do-
mestic consumption, would require 441 H.P.

Local IMPORTANCE OF FERROMANGANESE

The heaviest ferroalloy demand of the steel
industry is for ferromanganese. Large amounts
of ferrosilicon are also required but the neces-
sary raw material is widely distributed. Mgn-
ganese ores are not wide spread in distribution
and the ferromanganese industry if established
would have the double advantage of raw mate-
rial close at hand as well as cheap power.

CONCLUSIONS
Estimated raw material costs with power at
2 mills per K.W.H. indicate that Arizona could
compete in the production of these alloys on
favorable terms, at present current prices.
Potential probable power consumption of the
ferroalloy industry would be 43,174 H.P.

ELECTROLYTIC IRON AND SULPHUR
FROM SULPHIDE ORES

Iron produced by electrolysis is practically
chemically pure iron and is used in specialized
industries where its improved malleability,
ductility and electrical properties are an ad-
vantage. Seamless tubing of very thin walls
may be directly produced by using a special
type of cathode. FElectrolytic iron has almost
the same ease of working as copper or brass.

ELECTROLYTIC IRON FROM SULPHIDE ORES

The Perin process leaches the iron from py-
rite or pyrrotite ores by use of an acid solution
and the iron is precipitated electrolytically.
The process is direct, pyrite (iron disulphide)
ore or concentrates may be directly converted
to pure iron and sulphur; there are no waste
products since sulphur as well as any precious
metals present may be recovered as well as
iron.

PYRITE AS A SOURCE OF IRON

Pyrite is a mineral that almost universally
accompanies copper minerals as well as those
of lead and zinc and the precious metals. In
concentrating these minerals by the flotation
process it is necessary to “drop out’ a large
portion of the pyrite as a worthless gangue
(waste) mineral. A certain amount of iron is
necessary in pyro-metallurgic smelting opera-
tions to form both slag and matte. In spite

of this, pyrite is so' abundant a constituent of
copper and other ores that thousands of tons
are disposed in tailings every year. Inevitable
Increase in the use of the leaching process as
a method of beneficiating copper ore will re-
sult in more pyrite being wasted than is the
case at present as iron required in smelting
operations will be less,

PYRITE AS A By-PRODUCT OF THE ARIZONA
: COVFER INDUSTRY

In Arizona, pyrite may be considered as a
by-product that is wasted although it must be
mined and to a certain extent concentrated in
order to recover the other minerals. No fig-
ures are at hand concerning the amount of
pyrite mined as a constituent of other ores and
discarded. However, one of the larger mining
companies has been working on the problem
of leaching pyrite and recovering iron and sul-
phur and have adopted a tentative estimate of
the production of 700 tons of iron per day.
On this basis an estimate of 1,500 tons of iron
per day as a by-product of the copper industry
of the state seem conservative.

CONCLUSIONS

The power requirements of electrolytic iron
are 2 K.W.H. per pound of iron. Therefore
330,700 horsepower would be required.

By-product raw materials and power at 2
mills per K.W.H. would probably entrench
this industry against more favorably situated
sources of iron and sulphur. '

Potential Power Demand
SECTION 2. POSSIBLE DEMAND
MAGNESIUM

Magnesium is now the lightest metal em-
ployed for purposes of engineering construc-
tion. The last few years it has been rapidly
increasing in use throughout the industrial
field. In Germany the metal is of first rate
importance and is an active competitor of
aluminum. Production of magnesium in the
U. 8., although still small, has increased over
300% in the last decade.

MAGNESIUM, FIELD OF USE AND COMPETITIVE
METALS

The important development of the metal lies
in the use of the ultra light magnesium.alloys
as structural metals. The transportation indus-
tries are a large field for such material. The
outstanding property of magnesium and the
magnesium alloys is their extreme lightness.
Increasing world wide interest in magnesium
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and its alloys is due to their low cost per unit
volume.

CoMpaRrISON OF UNIT VOLUME Costs (V)

Metal Cost per cubic foot
NICKEY e et $200
i Y 100
L9713 0] 07 40
AlMINUIM oo 38
Magnesium ... eeereeenes 30
Lead oo 256
NG e 15
Iron e 5

Beryllium is almost as light as magnesium
but- does not occur in sufficient quantities to
be considered an engineering material. The
geology of the beryllium minerals is such that
the possibility of finding them in any concen-
tration is remote.

Magnesium is two-thirds lighter than alum-
inum and one-quarter the weight of zinc. Mag-
nesium alloys combine lightness with good
strength which are the prime requisites of the
transportation industries. All of the mag-
nesium alloys are characterized by a high ratio
of fatigue endurance to weight. Some alloys
have high thermal properties, others are salt
water resisting and all are free from inter-
crystalline corrosion.

Forty years ago aluminum was a laboratory
curiosity, magnesium is well beyond that stage
and may be expected to develop along the
same lines as aluminum.

MAGNESHJM RESOURCES

The magnesium resources of Arizona are of
two types; (1) The naturally occuring mineral
dolomite, a double carbonate of magnesium
and calcium. (2) Magnesia (magnesium ox-
ide) which may be expected as a by-product
of syngenite in the newly developed polyhalite

field of New Mexico.

Dolomite resources are indicated by analy-
ses scattered thru the geologic literature of
Arizona. In north central Arizona, the Kaibab
limestone of Permian age is often variably
dolomitic. Six feet of the Kaijbab limestone at
Base Trail contains 18% magnesia and 39%
lime. (Noble, U.S.G.S. Prof. Paper 131) The
Kaibab limestone southeast of Flagstaff, mag-
nesium carbonate, 5% and calcium carbonate,
18 %, silica T2%. The same limestone at Elden
mountain contains calcium carbonate, 52% and
magnesium carbonate 24 % . These analyses are
widely separated and a general reconnaissance
of the Kaibab limestone would probably show
more dolomitic areas. Sixty three feet of the
Muav limestone of Cambrian age is reported
as containing 20% magnesia. Ransome (Prof.
Paper 98 K., U.5.G.S.) reports the Mescal lime-

(1) Mining and Metailurgy, 1932, April.

stone of Cambrian age to contain 125 feet of
dolomite, 15% magnesia. The Martin limestone,
Devonian, in the same area contains 300 to
350 feet of dolomite with a magnesia content
of 18.66%. The Martin limestone at Bisbee 1s
reported (Bonillas et al, T.AILM.E. 1916) to
contain 28 % magnesia. It is obvious from the
above that dolomite is quite widely distributed,
arealy and stratigraphically.

The second magnesium resource which might
be utilized depends on the production of mag-
nesia as a by-product in the conversion of
polyhalite, a naturally occurring salt, to synge-
nite, a fertilizer. For geologic data on the
polyhalite field see Bull. 780 U.S.G.S. The
process of reducing polyhalite to syngenite
with production of magnesia is worked out in
Rept. Inv. No. 3116 U. S. Bureau of Mines.

BENEFICIATION OF MAGNESIUM BEARING MATERIAL

Several methods for the production of metal-
lic magnesium are feasible. (1) The oxide, .
magnesia, may be reduced by carbon in the
electric furnace. The reaction is reversible and
control is somewhat delicate. The resulting
magnesium is distilled to the required purity.
The operation requires 27,000 K.W.H. per ton
of magnesium. (2) The anhydrous chloride of
magnesium may be broken down by electrolysis
and metallic magnesium collected on the
cathode. This. is the most popular commercial
process at present. Power requirements are
17,000 K.W.H. per ton of magnesium. The
product is of sufficient purity for use as an
alloy base and requires no further refining.
(3) The electrolysis of magnesmm sulphate is
technically feas1ble but as yet is commercially
untried.

The magnesium carbonate may be separated
out of dolomite by calcination followed by re-
circulation of the by-product carbon dioxide
thru an aqueous suspension. Insoluble calcium
carbonate precipitates out and the magnesium
remains in solution as magnesium bicarbonate.
Complete separation is then a matter of filtra-
tion. Several methods have been patented for
the production of magnesium chloride from
dolomite. It appears feasible to convert mag-
nesium. bicarbonate to the chloride by the use
of sodium hydrate and hydrochloric acid in
steps. Both of these reagents may .be cheaply
produced by the electrolysis of halite (sodium
chloride) which occurs abundantly in the poly-
halite field.

PossIBLE PRODUCTION

Magnesium production might be expected to
reach a figure of 62,000 tons per annum. This
was approximately one half of the aluminum
production of the U. S. in 1924, considered a
normal year.
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MAGNESIUM FroM By-PRODUCT MAGNESIA

Production of this quantity by electrothermic
methods, reduction of magnesia by carbon in
the electric furnace, would require electric
power to the extent of 253,260 H.P. If all the
magnesia were a by- nroduct of the conversion
of polyhalite to syngemte about a million and
one half tons of polyhalite would have to be
treated In order to supply the required mag-
nesia. Syngenite is a co-product of the mag-
nesia produced from polyhalite and is used as
a potash fertilizer. Treatment of the requisite
amount of polyhalite is a possible figure since
the domestic consumption of potash salts sim-
illar to syngenite exceeds a million tons per
year.

Electrolytic methods of producing magnesium
from by-product magnesia would require its
converston to the sulphate or chloride. Conver-
sion to- the sulphate would be simple as the
magnesia is an end product of magnesium sul-
phate liquors evolved in leaching polyhalite
- (R. I. 3116 U.S.B.M.)

Utilization of by-product magnesium salts
produced in the refining of polyhalite is a
phase of the investigation concerning the ex-
traction of potash from polyhalite now under
way at the Non Metallic Minerals Experiment
Station of the U. S. Bureau of Mines at New
Brunswick, N. J. The University of Texas, Bu-
reau of Industrial Chemistry is also working
on this problem. Therefore definite informa-
tion on the production of metallic magnesium
from these salts may be forthcoming shortly.

The electrolysis of the anhydrous magnesium
chloride is the present largest commercial pro-
cess for the production of metallic magnesium.
The production of 62,000 tons per annum of
metallic magnesium by this process would re-
guire 159,460 H.P.

MacnzsiuM FroM Doromire, REAGENT AND
PowEer REQUIREMENTS

The electrolysis of sodium chloride to pro-
duce sodium hydrate and chlorine to bhe con-
verted to hydrochlorie acid is a standard com-
mercial process in successful use. If magnesium
bicarbonate is converted to the hydrate and
thence to the chloride, the reagent require-
ments would call for the electrolysis of 282,-
800 tons of halite, at an expenditure of elec-
trical energy equivalent to 120,400 installed
horsepower.

To produce this quantity of magnesium from
dolomite would require 481,800 tons of dolo-
mite containing 12.8% magnestuimm (about the
average of known analyses of Arizona dolo-
mite). Calcination of this amount by electro-
thermic methods requires 34,500 horsepower.
Mining this tonnage of dolomite requires about
600 additional horsepower.

PowEer RESUME OF MAGNESIUM PRODUCTION

Poss1BILITIES
Required Electrical
Process Horsepower
(1) Electrothermic magnesium
from magnesia .......... I 253,260

(2) Electrolytic magnesium from
anhydrous magnesium
chloride ... 159,460

(3) Production of necessary rea-
gents, to convert magnesium
bicarbonate to magnesium
chloride, by electrolysis of

halite (sodium chloride). ... 120,400
(4) The electrothermic calcination '
of dolomite _....cooeeeimmiiene.. 34,530

The above is based on a requirved production
of 62,000 tons of metallic magnesium per year.

Figure No. 1 represents the total if all mag-
nesium were derived from by-product magne-
sta from the refining of polyhalite and were
beneficiated electrothermically.

If all the magnesium were derived from
dolomite and produced electrothermically;
The sum of figures (1) and {4) would be the
power required. (287,790 H.P.)

If all the magnesium were the product of
the electrolysis of magnesium chloride derived
from syngenite by-product magnesia Figures
{(2) and (3) would represent the power re-
quired. (279,860 H.P.)

With dolomite as the source of the magnes-
lum and electrolysis of the chloride, the pro-
cess used, the total power required would be
that of figures (2), (3) and (4) or 314,390
horsepower.

Conversion of available magnesium salts to
magnesium chloride is possible by a number
of means and any consideration of the power
involved in any commercial operation is neces-
sarily highly approximate.

The present price of metallic magnesium is
30-cents per pound and the trend of the price
is downward as magnesium enters new fields
in competition with aluminum. Approximate
figures indicate that the production of mag-
nesium, with power at 2 mills per K.W.H,,
would be attended by a profit with magnesium
at 20-cents per pound.

ELECTROLYTIC ZINC

One, 200 ton per day, electrolytic zinc plant
is considered as the probable zinc production
capacity of the state. This leaves a balance of
144 tons zinc per day of the estimated poten-
tial zinc production.

New Mexico has a large number of zinc and
complex ore deposits. The actual zine produe-
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tion of New Mexico in 1929 was equivalent to
115 tons of metallic zine per day. In addition
to this, the zinc resources of Sonora are quite
large, altho but slightly developed.

The part of the potential zinc production
of Arizona that would not be cared for by one
200 ton zinc refinery plus the actual zinc pro-
duction of New Mexico totals 259 tons of
metallic zine per day. The production of both
New Mexico and Sonora would be drawn to
Arizona if the refining capacity existed. There-
fore it seems necessary to consider an addition-
al 200 ton zinc plant as a possible develop-
ment.

This. would require 42,000 additional horse-
power.

FERROALLOYS

FERROMANGANESL

The sum of 17,687 tons of manganese was
considered as the probable amount of metallic
manganese to be converted to ferro-manganese.
This leaves a residue of 17,687 tons of the po-
tential manganese production which might also
be converted to ferromanganese, the market
permitting and cheap power available.

This would require 17,783 additional horse-

" power.

FERROVANADIUM

Vanadium minerals are common constituents
of the oxidized ores of copper, zinc and lead
thruout the Southwest. The usual occurance
is as chloro-vanadates of zine, lead and cop-
per. These are usually beneficiated, if mined,
for the bage and precious metal content and
little attention is paid to the vanadium and
often molybdenum content of these ores. A
number of methods have been devised to con-
vert these vanadium and molybdenum minerals
into usable salts of these metals.

The production of 35% ferrovanadium re-
quires the expenditure of 6,800 K.W.H. per
ton of alloy. 450 tons of ferrovanadium, ap-
proximately 25% of the domestic production,
should not be beyond the vanadium resources
of Arizona. This production per annum would
require an installed horsepower of 453 H.P.

IRON AND STEEL

Other than the production of these commod-
ities from by-product material as discussed un-
der electrolytic iron, it may seem a bit far
fetched to some, to consider the production of
iron and steel in a locality situated as Arizona
in regard ‘to the consumption centers of these
products.

From a study of the oldest mineralized
areas in the wold, in point of discovery and
utilization, Dr. Hewett of the U. S. G. S. finds
that there is an economic cycle in mineral
production dependent on geologic occurance.

When several metals are the product of the
same metallogenetic epoch, they are developed
and utilized in approximately the following
order: gold, silver, lead, copper, zinc and
iron. It might appear that Arizona is well into
the copper stage and that the major develop-
ment of zinec and iron remain.

ARrRizONA IRON RESOURCES

There are several local sources of iron other
than electrolytic iron from sulphide ores. The
Seligman iron deposit, the Canyon Creek de-
posit, estimated by the U. S. G. S. to contain
ten million tons of iron ore (Bull. 821C). The
Fierro, N. M. deposit and certain portions of
the Yavapai schist.

ELECTROTHERMIC IRON BENEFICIATION

Electrothermic iron smelting and steel mak-
ing are entirely feasible and their use depends
upon power costs. (Stansfield, The Electric
Furnace and Bradley, Metallurgy of Iron and
Steel.) The electric steel furnace is concedea
advantages providing costs are equal.

Electrothermic iron smelting requires 2,000
K.W.H. per ton of iron, this figure varies ac-
cording to the composition of the ore. Electro-
thermic steel requires 600 K.W.H. per ton of
steel.

CONCLUSIONS

A possible production of 1,000 tons of iron
and steel per day would entail a power con-
sumption of 146,067 H.P. Such production is
based on the mining and beneficiation of iron
ores and does not consider the utilization of
electrolytic iron which would be marketed as
such. '

GENERAL MINING

In addition to the actual, probable and pos-
sible power demands of the mineral industries
heretofore outlined, there exists a demand in
these three phases which is difficult to outline
without more or less detailed field work. This
demand depends upon the development and
utilization of mineral deposits which are either
marginal or uncommercial at the present time
but which would become commercially profit-
able if cheap power were available. Electric
power is a large and increasing factor in all
mining and in most metallurgical operations.
The average power required per ton of ore
mined approaches 8 K.W.H. per ton. This fig-
ure is based on partial electrification. Cheap
po_we(f would result in a larger figure per ton
mined.

There is little doubt, granting normal condi-
tiqns, that the mineral industries of Arizona
will continue to expand for some time to come.
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Extensively mineralized mining districts which
have been heretofore confined to the exploita-
tion of superficially enriched oxide ores would
be able to exploit and beneficiate lower grade
primary ores if cheap power were available.
Known deposits of the baser metals, copper
lead, zinc and manganese would, if rendered
commercial by cheap power, be large power
consumers. The life of present operating mines
would be greatly extended as cheap power
would make ore of lower tenor feasible of
beneficiation. Cheap power also may make

possible the operation of:pres
whose cost border on the selling:
with specially cheap power, Ariz
production costs might compare with*the g
countries with specially cheap labor, such ‘25
Africa, Chile, etc. There is reason to belie
that several very low grade gold deposits
central Arizona might be exploited at &: m'afﬂf;
if cheap power were available. The pot&ntmi‘
consumption of a substantial amount of powet:
might be established by a field survey of the
large low grade ore resources of the state.” -
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