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DEPARTMENT OF THE INTERIOR
UNITED STATES INDIAN IRRIGATION SERVICE

SUPERINTENDENT OF IRRIGATION

Yr. W, . Reed,
Chief Engineer,
WASHINGTON.
Wy dear ¥r. Reed:
Complying with your request of
January 25th, 1918, I am herewlth transmitting
a histdry of the underground water development

on *he Navajo and Hopi Reservations, Arizona and

lkew texico.

I would refer you to my project histories
vol. 3, and to the Annual Reports submitted to
you for tne years 1912 to 1917, both inclusive
for additional information and other 1llustra-

tions regarding thls work.

Very respectfully,

Albuqueroue N. },, February 9, 1918,

~—

Superintendent of Irriagation.
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WATER DEVELCPMENT FOR THE HOPI AND NAVAJO INDIANS.

1¥ 0300033y N

The area covered by the Navajo and Hopl Reser-
vations in Arizona and New Mexico, while not ubso-

lute desert, is an erid country, having a very

SIATHIRY TYNOI LVN ETN

scanty reinfall which is very irregularly distrib-

uted throughout the year. o
The reinfall records and the character and

distribution of plant 1life show4arid;ty'at‘the

present time. The geologic and archeoiogiﬁ evié,

dencq allke indicate that it has been arid for . ..

ﬁ thousands of years, and the geographical position,

§ topographical surroundings and climatic history
§ 1indicates that aridity will continue. The defi-
[ f cient rainfall and its unfavofable?distribution

§ through the year; extensive drifﬂiné/séﬁds, a

4 topography of canyon, mesa and arroyo; drying

winds; anc the elevatlion above the sea deter-

E

f

!

|

f ;

I | mines for this region an unsatisfactory water

supplye
The greater part of this region %s of a

AN NG g4 b,

1

§ character on which the average white man would

/ be uneble to more than exisﬁ;.although the Indian

. population from generations of 1living here, man- é‘f
ages not only to make a precarious living, but in | |
duntry. ; many Iinstances what would be considered a compe-

tency by the white man.
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};good grazing at some parts of the year.

& SIATHOUY IVNOILVN 3HI 1V 032N0083y

Notwithstanding the fact that the feed con-
the s1lze of the flocks

Mditions are falr for grazing,

't'and herds of the Indlans have been limited hereto-

Mfore from the fact that the water supply has been

f‘-'linsuffiéient and there are great tracts of land

# where no surface water exists, other than an occa-

. PN

sional small spring or seep or in temporary water

‘ holes following storms. In other words, the lim-

1t of the size of the flocks and herds 1s set by

the existence or non-existence of a water supply,

not by the feed. ‘ | k

It 1s true that the grazing is not 1like that

of a wet climate, and that 1t takes from six to

ten acres to keep a sheep or a goat through the

year.and perhaps twenty or more for a cow, but

the fact remains that with the poor feed and the

scanty water there are several million sheep on

this reservation, and by the proper development

of the water two or three times this number can

be kept.

Recognlzing these facts, the Indian Service

has been endeavoring for some years to lncrease

the water supply of these reservations both by

well drilling and spring ixﬁprovement, both bring-

~a) ? i
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'iing in new supplies and conserving any existing
source. .

The proper supply for a grazing country in-
v;volves not a few large supplies, but many small

ones; not an increase in quantity where water

; now exists, but a moderate supply at wvarious

.:‘
e
v

points where water is not found, and the points
"B where wat,er." 18; needed is where advantage may be
taken of the-. grazing areas of the reservation.

In consldering the development of water in
new places it must be borne in mind that too
great a quantity of water at any one place when
there 1s a scearcity at others will have a ten-
dency to cause that. part of the range to be
over stocked and as at no place 1s the grass
and natural feed very luxurious more harm than
good may be done, by the overgrazing and the
trampling out of the grass by the stock.

In this connection it may be pertinent
to the subject to quote from EBulletin No. 588
of the Department of Agriculture on "southwest-
ern ranges" under the head of "Water Develop-
‘ment."

"The importance of a well-planned water
supply for cattle ranges of the Southwest can
hardly be over-emphasized. ‘here watering
places are from 6 to 15 miles apart, the range
hbar water 1s overgrazed ahd denuded, whide that
away from water is undergrazed. Loss from star-

vation increasegas the distance from fred and
water increases, and under such conditions the

SIAIHOWY TYNOILVN 3Hi 1V G30NQ0BJ3Y
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‘ An area of over 40 square miles
; 1s often tributary to a well and
windmill in the Navajo Country.

CV-6417-201 NNOO07592
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f&canversion of grass into meat is generally inef-

Y s

®ricient. % % %  Obsprvations i < # indicate
Fihnat fairly good utilization of plains and mesa
¥ rangecan be secured when the stock do not have
Mto travel more than 2% miles to water.  This
Ewould mean permanent watering places 5 miles

apart, or one to approximately 13,200 acres.

f+ + #  As distances between places increases
tabove 5 miles, grazing becomes perceptibly un-
g even; with a varying degree of overgrazing

jgaround water and undergrazing beyond 2% miles
g from water." _ o

Stock raising, especially the raising of

;sheep, on these reservations has proven the sal-

¥ vation of the Indians. Tney are natural herds-

men and for a number of years thelr flocks have

f increased to about the maximum that the natural

e
et T

ar 4

of the Indian Office to bring the people

water would supply, although the 1limit of grazing

has not nearly been reached. The natural in-
crease of the flocks would reach a maximum point,
then there would be a season of drouth and the

mortality would be very great, reducing the

flocks to that number that could exist on the water

supply.

It 18 several years since thls work com-
menced, and over extensive areas the developed
water 1s the only means of keeping many flocks
of sheep and a considerable population. Cut
off this supply now and it would mean the loss
of many flocks and the ruination of many self-

supporting families.

In the Hopl country it has been the endeavor

I ST T R T

¥
it

down from
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Z.ve mesa tops to live in the valleys below.,

ntil now, it has seemed a hopeless endeavor, but

TYVUILYN 3H1 1Y 0301006843

‘fvith the extending of the grazing areas by the
f:drilling of wells énd the development of springs,

;fopening up new feeding places too far from the

LENE T3 T IagY

;?villages for the daily trip of the flocks from
é?the mesas ﬁo the feeding grounds, many of the . | 'i
é?Indians have moved down and bﬁilt at the wells

?iand springs, and by relieving the ground around

.f.the mesa from a large portion of the flocks those

-remaining willl have a chance to Incresase. For
g years, because of the limited area over which they
ranged, there ﬁad been no lncrease. They simply

existed and held their own. This is now chang-

. Ly T

ing for the better.'”*'”

3 HISTORY OF THE WELL DRILLING.
Just at the end of the fiscal year 1910 the

Department purchased a drilling rig in California

and sent it into the Navajo reservation. It was

N o A WPl Yo, 78 07 A < A A s

first taken to Leupp, where four 12" wells were

put down to furnish water for irrigation of the

“chool farm, and one well for domestic water supply.
A After this was done the rig proceeded north
§ and into the Hopi Reservatlon, drilling as it went.
f Thirty-four holes were putvdown, developing 7 good ‘ﬁ
wells., 1

Prior to commencing this drilling the co- ;

b
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#ELL R§G No. 3.
on wagon.

Cook house
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 operation of the U. S. Geologleal Survey was se-
8 cured that geologlcal examinations might be made

k,from which to base predictions as to the presence

of water in any locality. This work was con-

f qucted by Ppof. H. E. Gregory, and based upon his

reports certaln areas were mapped out for drilling.

The examinations showed that there was a pos=-

# c1vtty of developing artesian water south af the

Loy

ZEATE 138K

i
1
f
%I
E
]

Black Mountain region, and KeamsCanyon was select-

ed as a good place~1h wh;ch.tq try out the prgdidf-uzf

tion.

The rig proceeded there and a deep weill waé
drilled, reachlng a depth of 1308 feet without
securing any water other than a 1little surface
flow and after submitting the log of the well
with samples of material encountered to- the geolQ7f
oglsts it was decided by them that it was prob-
able that water could not be found . here, and con-
sequently in no part of the Hopl reservation nor
of the Navajo reservation south of the Black
Mountain, so while the results were negative, they
were of considerable value. .

This Rig (known as No. 1), was then moved to
a point in the Cholska Valley, New Mexico. about

25 miles north of Ggllup and 15 east of Tohatchi,

\

e s et

and here the predictions were verified by the strik-

ing of artesian water at 1000 feet. The well was

continued another 100 feet and a flow of 6500 gal-

,%gﬂ.ﬁ’ﬁ:ﬂfﬂ;kﬂ?’ﬂ ONN; Casunn
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WELL RIG No. 4.
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f ons an hour resulted.

Over a year was spent on this well owing to

B ire clay, which would neither drill nor bale out R R |
-jlith the sand baler, and which was finally con- o
j}@uere& by'hauling 1n sand, dumping it in with the

Birriculties encountered; first large beds of o i
{
i

Hc1ay untid it was of a consistency that was wdrk-'

Hable; second .some”. extremely hard rock was en

E:countered, so hard in fact ‘that 1n one ‘month* of
gconstant drilling, only two feet was made: ;iﬁé;
fwere also handicapped by bad water for drilling - B |
? and camp purposes, and the fact that the best

d ater found was of such nature that 1t was very

f bad for Dboiler use, and not a month went by that
it was not necessary to work over the boilers and
put in new flues or make other repairs to it.

As already stated, in spite of the difficulties
encountered the well was a success, in that'it

demonstrated that artesian water was to be found

in Cholska Vglley.

.

The well was finished by capping it, plac-

|
ing a valve to control the flow, and building a 5:5
, \ i
corrugated iron house to protect the wellfrom |
| |

molegtation. A small constant flow was allowed

to run for stock water.

The rig was moved to various points north

and east of this well, golng down the-valley, and

CV-6417-201
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The flow of an Artesian Well.

(Well No. 113).
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good artesian wells have been developed

seven

there at depths varyine from 205 %o 500 feet,
showing that the dip of the country is such that
successful wells may be developed at less depth
and at'very much less cost than the first one.

In the meantime other drilling was inaugu-
rated and what is known asRig No. 2 was built of
scraps and extra parts of Rig No. 1, and during
the season of 1912-13 1t was successfully oper-
ated drilling wells in the Hopl country. At the
end of 1913 the rig was in such bad shape that it
was not considered worth using for drilling, but
during 1915 1t was used a part of the year in
doing some repair work. By the end of this year
1t was entirely worn out and of no value. The
success of the first wells put down, and the bene-
fits accruing to the Indlans was 8o manifest that
money was authorized for two other rigs, numbers
3 and 4, which were built during the summer of
1212, and both rigs have been operated constantly
slnce that time until September 1917, when because
of lack of funds one of ‘hem was laid up. To June
50, 1917, 226 holes have bewun drilled in the Navajo-
lopi country, of which 112 are ,ood wells and in
working order today. Nine of these wolls are ar-

trstlan {lowing wells which need no further atten-

tion or @matlntenance.,

CV-6417-201
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WELL ANL SINDMILL.
Flrat development, water stored
in hole excavated in the ground.
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All of the wells other than the arteslan have

4 been equipped with a windmill elther eight or ten

feet in diameter on a thirty foot tower, and a

Each well is equipped

# vress deep well cylinder.
{5 with a tank to hold the water as it is pumped and

a string of troughs for the use of the stock,

When we first commenced this development a

number of tanks were bulilt of masonry 4 others

$§ of concrete, it being thought that we could uti-

lize the material near at hand and get a good tank

cheaper than in any other manner. Pfactically all

of the stone in this section of the country, how-

ever, is a soft sandstone, and there is almost an

entire ebsence of any gravel, It was found that

both the sandstoue and concrete made of the hest

imaterial that could be found were porous, would

absorb water, and as soon as the cold weather

came the moisture in the walls widuld freeze and

the walls would be cracked and broken so that by

spring they were almost valueless to hold water,

Several of the tanks were rebullt and the great-

est care taken in thelr construction, but the same

It was then declded to put

fate bef211 them all.
size seven feet

in circular steel tanks and the

in diameter and eight feet high with a capacity of

aboul 2300 gallons was selected, and they have been

CV-6417-201
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windmill with Stone Tank.
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proven absolutely satisfactoryin every way. Tanks

are all set on a masonry foundation and are con-

nected with a string of troughs from which the sheep

YNOLIVN 3H1 1v 03tn00ngan

and cattle are watered,

B S3AIHOUWY _IWNOILYN 3HL lv G30n00dq3y B

At first these troughs were butlt of lumber

SIALHOYY TyN

and while the trough was satisfactory they were

found to be very expensive. Only the best lum-

ber could be used in their construction, which
was quite expensive to obtain, and after being

hauled by wagon from the railroad to points where

needed 125 to 150 miles from the rallroad 1t was

found that a great deal of the lumber was spolled
or warped out of shape before it could be used.
A steel trough was then tried out, being sections

of corrugated flume made of pure iron heavily .
+ T

5 galvanized, the only lumber being the frame in

BN which 1t was set. These have been very satis-

factory, the freezing in winter not affecting

; Ry gk

the troughy and the cost is proving to be less

gl
e

e

than for the wooden troughs.

AL

ST N T S S T R

OPERATION AND MAINTENANCE.

It has been absolutely necessary for this

oy

o
TR N T L R
IRPNPRIREE SR it

Service to look after the operation and malnte-

23

G PP
c s
g

nance of these wells. The windmills must be

g

pande e s ¢
ERNEN A M A X2 P A

olled frequently, although within the dast year

Lot

we have adbpted a new klnd, known as the auto

e e vy
- 2

»
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Flnal phase of developm2nt.

WINDNILL aND STEEL T.iK, 2300

irallons capacity.
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oiled mill, in which a reservoir is provided

which will hold sufficient oil to run the mill

six months or more; bup the mills frequently

get out of order and usually just at the most
important time of the year when the water 1s need-
ed. Most ‘of the wells are developed in sand,

and during all the seasons of the year, but espe-~
cially such times as the wind does not blow
steadily, the fine sand will work into the suc-
tion pipe and,settle down on the valves and

either cut out the leathers by friction, or

~

during times when the wind does not blow, such
gquantities will accumulate on top of the valves
that when the breeze again springs up the valves
stick and tﬁerumprod.brlsome other portion 1s‘
broken.

I, so many sections not only the flocks and
herds but t} -~ people themselves are absolutely
dependent upon the water of this particular well
for all purposes, and the well not pumping for
a few days, suffering and considerable loss wlll
ensue. It has therefore been necessary to organ-
ize two well patrol outfits, whose sole business
it is to ride from well to well with a small re-
palr outfit and keep everything working smoothly.
One of these patrols is located at Chin Lee,

Arizona, and the other st Fglacca. The string

Ty LT

ey i B b S [y
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NAVAJC WOMEN bringing in flocks
of shhep to water at an artesian
well before 1t 1s completed.
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" of wells operated from Chin Lee necessitates a
trip of over 500 miles to visit them all, and the
other one over 350, and the latter line is in-
creasing ali the time by the operations of the
well rig in that section. Every well is visited

at 2east once a month and oftener if necessary,

and should a well get out of’ order one of the
Indians dependent upon this water for his flockﬁ
is sure to ride into headquarters, whether it
be a few miles or a hundred, with the news, and‘
a speclal trip is made out to fix the well. A
report card is made out for each visit to e;ery
well and sent in to this office at the end of the
month and a check is kept on this wcrk

The operation and maintenance and general
supervision of the well drilling 1s under a
foreman stationed at Polacca, Arlzona, who also
has charge of the other water development on
these reservations. The well rig crews put

down the wells end erect the windmills, while

another outfit under Fyreman Womack sets up the

tanks, puts In the troughs and attends there-

B
0
1 B
i
EK
¥
I3

i A detailed 1list of every hole that has been

after to the operation and maintenance .

drilled, showing 1its location, size, depth, equip-
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Sheep drinking from the flow
of uncompleted artesian well.
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ment, flow of water if good well, etc., has been
prepared and is attached to thlis report in order

that full details may be had if desired.

SPRING DEVELOPMENT

Most of the spring development has been with-
in the borders of the Moquli Reservation, but it
must be understood that this reservation is occu-
pled by both the Hopi and Navajo Indians and is
the ﬁost ar1d ﬁart of the country dccupied by
theseuindians.

'There have been found and listed elghty-one
springs in this section, and a complete detalled
list showing the location and slzeof each of
these springs as well as the work done in improv-
ing and developing them will be found attached to
the annual report of this district for 1917,

Of these =ighty-one springs seventeen are
reported as seeps too small to be developed.

An additional number of springs are found along
the banks of the Moencopl Wash, and as their
united flow is sufficlent to keep the wash running
a small stream of water, it is not thought worth
while to develop them at the present time, inas-
much as that section of the reservation has very

little grass and very few inhabitants.
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CCaTICH OF THE TCEZVA SIRING
and Day School.
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Of the remainder, thirty-six have been devel-

Oped. Some have only needed a little work but

a number have needed considerable in order to
develop them, especially those lying near the
Hopi villages. |

To a person living in a country where there
1s sufficient water the value of even a vefy'lit-
tle waier in a ﬁesertﬁcountry is not understood.
A trickle of a few galions an hour must often be
sufficient for a number of famlilies for their do-
mestic use and their stock, as for instance, in
the country lying north of Keams Canon and south
of the Black Mesa there is a population of fifty
families, each with their flocks of sheep and
some horses. They occupy an area of about six
hundred square miles and there are but a half
dozen_springs in this whole district, the largest
of which flows only twelve gallons an hour. Some
of these springs have been improved and we have
put down a number of wells in this section and
have improved the condition of the pcople very
materially.

Spring development work, especlally around
the mesas of the Hopi Indians, has Leen of ines-
timable value to the Indians both far thelr domes-

tic supply and for the stock. At each of the
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The TOREVA SPRINA was a breeding
place of disease, full ol filth,
used as a comnom drinking and
vathing place by man and brute.
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villages the entire water supply has come from

one or two sr ings which have been used from tlme
immemorial, and during this entire period have prob-
ably never been thoroughly cleaned out. Tpe results
has Been that there was a vast accumulation of.filth
in the springs which not only diminished the water
supply by sedimenting up the outlet for the wﬁper,
but the!amount of filith made the water aimosﬂgli-

quid poison, and only 8, person enured to its use

by heredity and custom could possibly have used
it and lived. -

At the First Mesa before the principal springs
were‘cleaned out and put In shape the:e was an epi-
demic of some enteric trouble in the villages whikh
causéd the death of . sixty people out of .a population
of six hundred, and the government physiclan stated
that it was hls opinion that the entire trouble lay
with the water supply. Since the springs have
been put in good shape there has been no more trou-
ble of this kind.

When the water development work was first com-
menced it met with passive, if not active, opposi-
tion on the part.of the Indian. They thought
that the development of the water by well drill-

ing was the first step of the white man to get

CV-6417-201
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Covered with a thick scum the
water was unflt for any use
but was the sole water sup-
ply for a whole village.
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TOREVA SPSING, as
The women of the vhllage

wzter from the spring to
ths mesa.

it wase
carried the
the top of
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,would not hurt the water supply they already had,

CV-6417-201

a hold on the countfy for thelr own uses, and it
to0k considerable work and several years time for
the Indians to really understand that the work
ﬁas being done for them. The Hopis'objected to
having anything done with their sprihgs for fear
that the water gods would be offended and stop
the flow of water; but by careful handling of

the Indians and the entire situation they too*

soon’ became convinced that the development work

but would increase 1it, andvthey'are now*enxioue

to cotGoperate in any way wiﬁhvus. The“Navajes
co-operate by assisting in the moving of the well
rigs and other hauling, as they know the work is
for their own benefit while the Hopis have organ-‘
ized a force to do work in connection with water
development in each village and are subject to

the call of the foreman In charge of the water

development at any time for such work.

It would be interesting to go into details
here as to the development of the various
springs, but time and space will not allow 1t.

A reference to the list of springs heretofore
mentioned will give an outline of the work accom-

plished at each spring. A descriptien of a few
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TORZVA SPRING as improved.
The main spring is in the room entered
by the door. The overflow comes thro
the notch in front of the door and fills
the pool below which can be used for any
purpose wlthout contaminating the water

in the spring.
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of the springs will be typical of the wark done at
most of them and will glve a good 1dea of the work
necessary to make the most of the small amount of
water found in this region.

The largé spring at Mischongnovi at the éec-
ond mesa 1s at the Toreva Day School,'and was breed-
ing place of sickness, beiné full of filth and used
as a common drinking.place by man énd Bru£e and as.
a bathing place by thechiidren;;’QOgs’éhd'ﬁurros.
This was cleaned out and put in géhitaﬁy sﬁaﬁe as
may be seen by some of the accompanying "before
and after" photographs.  The water came out of
the ground under the large bouldéf, which was
blasted away, and the outlet located, This was
then developed and all.of ‘the water came out in
an underground room where it could be kept away
from the animals and faifly well protected from
flying dust and dirt. The overflow was led to
the old pool on the outside which can now be used
for bathing or any other purpose without defiling
the water in the spring proper. |

The two méin springs at the First Mesa are
Toveski Spring on the west side and Ishpi Spring
on the east sidg of the mesa. Both springs were

thoroughly cleaned out and walled up, with a flight

pliviytrmen s —y
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At a2ll of the Hopi villages the

women carry the water from the
4 springs to the top of the mesa,
often a distance of a mile and
a climb of 600 fset.
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of stone steps leading down to the water. The

flow of the latter spring was increased fully
100%. The flight of stairs necessary to reach
the asater nas inclosed ahd roofed over with solid
masonryfto prevent the £11th frdm blowing into
it. |

The Indians now have clean water at these

two springs for the;firsﬂatime in generations and

the supply has materialiyfincreased.

The summer orevious to fixing the springs,

the supply was so scant that the women would sit
around the spring waiting for the water to seep
in, that they might dip it up with a cup or gourd
and it would often be hours before they would get
a loead. Since being put in shape there has al-
ways been an abundant supply and the amount
stored which accumulates over night will almost
supply the village during the day.

In another class is the Burro Springs, which
lies about eight miles south of the 8econd Mesa
near what 1s known as the Glant's Chair. There
has been a considerable area of wet and boggy

land here that has proven a veritable death trap

for animals. At the most promising point there

was always a pool of standing water. Here an
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THZ DAY SCHEOCOL AT VMECIFA
Second Xesa.

The spring is by the man and

troughs for stock shown at the

left. A village is on top of
the bluff.
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excavation was made, and a falirly good flow of
water was uncovered. The excavation was made
about six feet deep and ﬁalled with rock. Seven
piecés»§f 8" casing was sunk to a greater depth,
the water rising through the casing forming a

reservoir about six feet square and six feet .

deep. The water was piped out some 400 feet

~to 'solld ground where troughs were set and the .

spring and bbg{were fenced to'pﬁevéhf’animaisiﬁ
getting into the soft ground and dying. IH.

excavating for this spring great masses$of bones

T ———C—— TN 53 A THOWY TYNO ) IVN My )y a3

were found consisting of remains of both domestic

and wild animals.

Hoana Spring is about 17 miles south of
Oraibl and is located In a sand hill. This
spring was used by the Indians to water a con-

siderable bandi of sheep.

The sand was drifting over the spring and
1t had almost become lost. To develop it, it
was necessary to excavate in this loose sand
back to solid foundation. The water did not
come out at one point, but was a seep along the
edge of the solid rock for some distance. A
collection box (so called for the want of a bet-

ter name), was put where the trickling water

CV-6417-201 " NN007626



CV-6417-201

IHOWY WNOILVN 3HL L¥ 030N00¥d3Y

ISHPI SPRING at the First Mesa,
Before 1lmproving.

In an open hole, a convenient

receptdclé for all the filth

blown from the village dump.
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could be collected together, made of stone and
cement with a tight cover. A pipe line was

‘laid from this box for a distance of 200 feet
until 1t was clear of the sand dunes, and the

water was delivered to é stone tank or reservoir

6 x 6 feet which is entirely covered to keep out

the dvifting sands. The overflow of this tank
18=éonducted,tdﬂ24 feétEdf'troughs:for the use
of the stock. fhere 18 another pipeifrém this
reservolr taenk, drawing the water from the bot-
tom, which leads for a distance of fifty feet;
equipped with a gate valve, so that domestic
water can be drawn from the spring to the extent
of several hundred gallons without walting for
the trickling spring to slowly fill the bucket.
As the Indians haul water from this spring to-
considerable distancesto thelr camps, it enables
them to fill their barrels without delay. The
flow of this spring is 18 gallons an hour.

Most of the springs in this country are
developed in sand, usually at the foot of some
great sand dune, and the great trouble has been
vo get the water to separate from the fine sand

so 1t could be carried out to the tank or trough.
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SHPI SPRING, First Mesa,

After developing.
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After considerable experiment by Foreman Womack

the following plan has been perfected ; which

works very satisfactorily.

@ S3A 1HOWY IWNO)

An excavation is made from the point of the
seepor spring back into the sand hill,lfollowing

the course of the water. Into the exdévation

thus made a pipe, usually perfbrated for several

feet is laid. 'Th;é‘is'covered with‘é'iaﬁéf of
broken stonegraded to about one inch. On top
of this a layer of smalier‘étone or broken rock
is spread, followed by'a layer of coarse gravel
on top of which is fine gravel, which in turn is
covered wWith torpedo sand and on this a layer of
sand finer than that bearing the water.,  This
forms a filter through which the water reaches
the pipe while the fine sand is retalned. The
water is piped out direct to the troughs or in
some caces to a small tank and the overflow to
the troughs. Reference 1s made to the accom-
panying diagram for a better understanding of
the method used.

#hen the spring development work was first

commenced, Mr. A. H. Womack was placed in charge

of the work and has remained 1in charge ever since,

T NNO07630
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£ SPRING THAT SLIFFED OFF THI BEILL.
The spring came out above the base of this
cliff. et weather caused a portion of the
face cf the cliff to fall off and covered
the spring. In order to save the spring
we were obliped to blast out many tons of

3

o
rock and re-develop the spring f[low.
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‘and for the past two years has also had full

_charge of overseeing all of tne water develop-

ment including the operation of well righ.

Having been in charge of this work from lts

" inception, understanding the Indians as he does,

and knowing the need's_ of thg country, it is inter-
e;tiﬂg to get.the direct 1dea of the man in the
field regafdiﬁé‘;the'}‘:ﬁrqi;k‘:;_peing done, 1ts value to
the Indian, and some iid'éé‘él'fregarding what should

be done. In a report received from Mr. Womack

some months ago, he makes the following general
statements regarding the water development for

these Indians, covering both the well and the

N

spring work:- s ot

"The work in the Moqui Reservation is con-
fined to the development of water for domestic
and stock use, by developing springs, making
surface water reservoirs, drilling wells (50 to
300 feet deep), erecting windmills, tanks, troughs,
etc. ' . BRI
Oving to the fact that we have increased the
water supply the Moqul Indlans have increased the
sheep and cattle to such an extent that we cannot
keep pace with the demand for more watered range,
notwithstanding they have three or four times as
much range as they had five years ago. The
Indians have become interested in the cattle and
sheep business and are making use of all the
vater that has been developed. Many of them have
increased their herds three, and in some cases,
four hundred per cent. 1in the last five years.
This progress may be expeckted to continue if weoter

car be developed in more of the outlying country.

y - . il | <\, S K gk uil . PR :
m ‘l. k_.wh\t’ / I Bt f A N i A S C et . oo RS Rt Dok A T
e - e | " frenss R




i,
»

Sl o

2,
e ¢

R

Getting at the main flow of a
seep spring coming cut of the
side of a mesa. This soring
was developed by getting all

‘of the water Into on< place and

piping it out to a tank and
trougns.
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In years past the Indlan did not care to have many
sheep as he was forced to lose them the first dry
year as there were no wells. or permanent water,
and naturally the sheep would die off to a number
that could live on the amount of water remaining.
But now, with wells, we have developed water that
is -nbt affected by the drouth and they can see
where 1t 1s pogsible.to raise large numbers.
Also we have confined the water in troughs where
1t can be clean and not so many die from drinking
stale water, Many of the Moqul: Indians are aban-
doning the village and moving out to the windmills
where there is an abundance of water, living there
with their stock: insteadof driving them into the
village at night. -

. We have drilled many wells 4n the part of
the Moqui Reservation inhabited by the Navajos and
developed six -good wells which has developed a
large area of excellent grazing country. This
w111 add to the avallable grazing abouc¢ thirty
per cent. and will take care of thousands of
sheep and cattle. The above couniry was almost
without water. If we get a good flow of water
in the Cedar Ridge Country, which is the next
move with i#ell Ryg No. 4, we will add a large
country to the west side of the Moqul Reservation
and the east part of the Western Navajo Reservation.

Nave jo Reservation.

We have kept in repalr all the wells on the
Nava jo Reservation and maintained a good supply
of water. One string of wells on this reserva-
tion 1s 150 miles long and other strings leading
off from this string make a distance to travel to
take care of them about 350 miles and this 1s cover-
ed once a month for the Beason that if one of the
wells falls it 1s necessary to move all the stock
to another well as the herds are in most cases so
large that they cannot find sufficient water at
the springs.

The Indians reallize that they have a perma-
nent supply of water and are giving their atten-
tion to the stock business and are incfeasing the
number In great proportions and are willing to
help In any way that they can to get more water.
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Many of the Indlans are bullding houses at
or near the wells and establishling homes as they
can depend on the water supply and do not have to
move the herds as they did in the past when they
were compelled to go great distances to permanent

When you realize thal one of the wells
drilled by Ryg NO. 4 will flow twice as much water
'as the combined flow of all the springs in the Navajo
and Ngqul Reservations you .can appreciate what the .
wells have done to water the reservation and how ‘
11ttle permanent water there was on the reservation,

The main drawback is the lack of ‘money to carry
on the work on a larger scale; fur instance, the
country 1s 8o large that it 1s impossible for me
personally to supervise work in. the remote. sections
as we do not have enough money to hire men ‘to look
efter cementing up the springs and gitting in the
plpe, ete., 1t is-a waste of material to go and
lay out a plan of -edevelopment of a spring and
have to leave before it is completed as to leave
muich work as placing e filter, laying pipe, or
cementing up the springs in the lands of the
Indlans, and for that reason the spring work does
not go fast as it should. The Indians are in-
;reasing the herds so fast that we cannot keep
up with them with. the water developmenb What
we should have, in my opinion, is'a mason that
can carry out a plan of development and have him
help me do this kind of work that the Ipdians do
not understand. I can get plenty of labor do-
nated if I had time to go to those far away
places and stay until a place was finlshed.

The Indians have seen the benefit of more
water and are much encouraged and are maklng
good use of the water, many of the progressive
ones are willing to donate money or labor to
help the work along. If we can keep up with
the present increase of stock, with the water
the Indians will make more progress in the
stock business the next five years than they
have done in the past fifty. Ag the stock in
this country has always been limited to the
amount of permanent water, in the past when
a drouth would come and the springs dry up the
stock was forced to dle off to the number that
could live on that amount of water.

%hile the springs are becoming of 1less
importance as compared with t he wells, they will
furnish a small permanent supply of water and do
not require expensive lavor. Alsa people look-
Ing at the imap would get an ldea that if the

springs were developed that there wou]d be
the water that the gangv required. f12¢:311
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A IRACLE on the Desert.
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water from underground in an

absolutely dry country!
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in no way true, as many of the springs that are
marked on the map are mere seeps and do not flow
one gallon per hour, and there are others that
if developed and consermed willl water all the
stock that will be able to-travel toilt. ..

Also many of the springs are in- sandhills
and as soon as they flow out of .the . close or.
impervious formation they jare at: onc‘ f\;lost ‘by seep-
age. In some cases the- geepage 1s%equal’ to.the-
flow of the spring and a good spring ‘willionly be
indicated by & molst p"ace on the.sand,’ ‘and can
be developed by excavating back to g011d forma-
tion and all seepage rcut. off and pipéd to-a con-
crete reservoirwhere there is only--the'evapor-

i i v
Since the comnencement of the well drilling
elght years ago there has been expended aﬁproxi-
mat.ely 2‘;140,900. Tpis 1ncludes the - cos‘o of
equipnent, supplies and work. To show for this

we have 111 good wells,; seven of. which are arte-

sian, also 114 dry holes - aggregating 14, 225 feet

of good wells and 11,820 feet of dry holes, a
total of 26,043 fset or about five miles scat-
tered over an area as great as the combined area
of Connecticut, lfassachusetts and Rhode Island;
these wells all being equipped with windmills,
tanks, and troughs. We have constderable ma-
terial on hand for future work and three good

well drilling outfits.
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it iéﬂpossiblé that these costs may seem high,
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but as.there are some 55 OOO Indians on these two

s
s e

reservaﬁiona, the coet has only been forty cents
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Tot-
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BENEFITS FROM THE WORK.

ABy the expenﬂiture of this moneywe have

-

increased the watered area of the reservations

_i‘b.
¥

four or five times. The Indians have recelved

=l

J
L.
g

about $22,000 in wages for labor.

The flocks and herds of the Indians have
increased fully 200 per cent. in the districts
we have covered, and in these days of war aﬁd
high cost of livingthe value of the increased
cost of wool and meat production wbhuld not only

be a big interest on the investiment but go a

long ways towards paying the principal.

The health of the Indians in the districts

S

covered hes been meterially improved. This is

535

especlally true of the Hopi Indians where the

death rate has been greatly Ressened dince they

have had good water for domestic purposes.

CV-6417-201 |  NNOO7640
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and throttled down,
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After yeara .df effort on the part of the
Government to induce the Hopl Indians to come
down from the mesa tops and settle on their lands,

but without avail the water davelopment and in-

ecreasé in thei#,flocks and herds_has ha@nthe,de-

sired effect. o

We have 1ncreased their interest in their

flocks and herds, and conqequently in the qual-
k

ity of their éﬁimals as well as quantity; and

" last but not least, we have by this expenditure

done more towards the civilizadtion of the-Indians,
along all points, than almost anything else that

has ever been done for them. .

It is the consensus of opinion Bf practically -

everyone who knows of the work being done for the
Indians of thils region, that greater benefit has
come to them from this water development, both in
the 1line of civilization and material prosperity,
than any other like sum éxpended for them, many
going to the extent of saying that this applies

even to the education of the Indlans in the school.

MORE MONEY NEEDED.
The money for the work for this water develor-

ment has been coming from two funds. For several

LY
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DLPARTHENT OF THI INTZRIOR. WELL
U. S. Indian Irrigation Service.
RECORD .

District No. 5.

__-»-——-—_---—--—-——----

——————-—o-———-————--—_——-n——--—_-——-——-——-—.--—

Location % mile eagt. of leupp.School.....
¥egan Te %ﬂpr.il 6. 1910 ° YELL No., 1

r%¥Ioﬁ"H WE . ’
ameter of well R NAVAJO 10N
e NAVAJQ EXTRNSION

Tepth_of well 90 £t
Turrace . of Ewound to watér 9 £t when not pumping feet ARIZONA

Guality of water rood ' .
Quantity of water on test run 16. 2 minara inchs cals per hr. .
KIind of casing 1ze, 104 Q8O £t - '
Screen, kind Iangth : mesh I
Tindmilid, daﬁv, size, “heizht tower,
Tank, aate, slze," kind,
Tank Toundztlon, kind, heigrt,
Troughs, date, . ‘kind, length,
Name 01_ar111°r, -

A, F._Hallstrom

~‘mSEAlH38V AYNOLLIVN 3KL 1V 030N00dd3Y

REMARKS:
Well for irrigation of School famm,
Whon punmping water drops to 31' 2" irom surface,

Porony Mo 54

L0G . )

Formation _Remarks

et e T o oty T e S b0 S 0

Surface — | _fiark rad adobe. e
& £t | Rine_sand

9 £t 3 Rina_sand &_-weter.

-___iQ.‘f.t.. ) R‘Lug___gla_y

~~-2€ Pira_gand % -water

- £t Soft_touch blus _clay |

82 £t _l_Camantad sand rock

N & W |__Decomposed-roel

——

——— — -

— s - — Tt ——t—

e s St ——- . .o o S P = o 5

e tm s e - - S m———— A e et v e

IS 4

NN007643
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DEPARTMEKT OF TH3I INTERICR. WELL

U. S. Indian Irrigation Service _
pistrict No. 5. RECORD

———c-——————-..——-———-——-_-——-—«-—--——-———--.—————_--—-—-—.——----—--—-—-

- -
.

w SIATHOYY TYNOILIYN 3IHL 1V Q30N006:3Y

Location 4 mile east _of leupp Schoal ... .
BaEan U.e‘l& ...t L..........---_-..—-— “['ELL NO ...,__..2__
Finished well, i fid Juitd j - . o

:@ig@eter of well 19 3n L '
Depth_of well 80 £t {2)
feet

YA
Reservation.

Surface of ground to water g £t when notpumping £28% ART.ONA
Guality of water
zals per hr.

Quantity of water on test run 16.8 minars incheg—
Kind of casing . mn“%fiel 80!  jom
Screen, kind, : length _mesh
PindmilT, date, sizc, : heizht tower,

Tank, date, ' size, kind,
Tank Tounaationl kind, _ helzkt,
Trou;hs, date kind, 1length,
Name of HriIler,

A F._Hallstrom

When pumping water lowers to 28' 5" from surface.

o it 1

L OG.

e T

o Tepth,
From to Formation Remarks

— o — — ——— -

— e e s s e it e s e

Surface 6 £t __| _Dack red adohe __ —
6_ £t 9 £t I _Ripra gand o .
9 ft 2z £t ding _eend & water |
__ 82 £t 28 ft | Yellow sandy clay
_¥8 £t 5Q £t Eine_sand & some-water
. _gg ft 64 £t fine_sand i
6o £t 80_f4 Soft_tongh ,
80 ft A

———— - -

T T

——— 1 e -

. o —— — = +3 St oon e -—

T e e s e e o o @ hm o ot S e . e e S0 et e |

e v e ers S et e s ot e

T e e e e o e e e it e e e e o

e Abe e e e wa _1.__.—...._. ————— Bl e A

—— . e ————— -5 -{._._...A.-_.....—__.. e . . ...‘-v__......_.‘.
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DLPARTUENT OF THI INTERIOR. WELL

U. S. Indian Irrigation Service. '
District No. 5. RECORD.

_——--‘————._-—-——-—-——..-—-—..c-—-.——-—-—-—.--—a--—..—--—--—-——--—-——-—-—-———-

Location X mile esa chool.... ..
mile east of Leupp. Sachool.. VELL No._ 5

BeEgan Vel 7.

L T IR VY ey A A _

Ciameter of well 12 in.  _NAVAJO EXTERSION _

Depth of we¢ll 80 £+ (23 Reservation, '
not feet ARIZONA

Surface of ground to Waler 9" wpep not pumping.  f2€%

Guality of water
Quantity of water on test run 2qg;nd?§,ginﬂynq

Kind of casing ize, 80' - Jpv

gals per hr.,

Screen, kind, length mesh

height tower,

Pindmlil, date, size,
Tank, date size, kind, -

Tank Toundatlon; KIAJ; helztt;

Trouchs date, kind length,
208, .

Nams oT ar 1167,
Ao F._Hallstraom

EFARKS:
Water lowers to «9 £t gtom surface when pumping,
Woll for irrigatipn of School farm,

ol i

L O0G .

= e e S st S o ¢ = e e ot Wt e S e s - 5. o V —— ——————  — o ——

_Formation _ Remarks

Surface b Surface_soil
6 ft Rlua. _sand

9 £t Bine. gapd.watep-beari 38

% i eblon-sandy—oin—|
—— ine sand & .3 38 y

Rina -fand,water besripg
Soft. taugh bhlia slay
_Raak

— e e s e e o e

—— et e e 0 2t e el

Ve e e tes o m————— s

—— e e v — e i

—— -—-n——-a———-—\-—-—’—

il S T Ty

4 S3ATHOYY IVNOLLVN 3HL IV 030000843y




CV-6417-201

DEPARTMENT OF THZ INTERIOR.
U. S. Indian Irrigation Service.
pistrict No. 5.

__.-———--—————-—-—.-.-————---——n—--—-——-_————---———-.—-

Location 4 pije mast of Leupp School. .. .

—Eéag gél__ ——— TR VWS W)
FInIshed well, %1%£h”’”%' 7
“fiameter of well 12 in.

EEEEQ_Qf"Nell Jg_ﬁtiij
0_WalET Q' when pot _pumping . £28%

WELL
RECORD.

- e - S5 e of e em M e A

VELL No._y

. NAVAJQ EXTENSI
Regervation.,
ARIZONA -

cgals per hr.,

Surface of ground
Guality of water .
Quantity of water on test run__ 24,4 miners inchas
Size,

121

T .-

Kind of casing
Screen, kind, length
Findmilil, date, size,

mesh
height tuwer,

Tank, date, size,

Knd, -

Relglt;

Tank Foundatlon, Kiad, =
Trouchs, date, kind,

length,

Tame of driller,
A._F. Heallastrom

———— - S, o e P S P e A g e Sl e

E:ARKS :
_Water lowers to 29' from surfuce while pumping.
Well for irrigation or School farm. i

B ot s

S3AIHOYY '_WNQI lVN

L OG .

Formation

- —— o - —r - — . — ¢ - S . i S P P o - s S S S

Remarks

- e m m e o e e e s A e . o i e o e

_mimnmwiﬂay_____,__wﬁ_“,-N_“_-__-__,ﬂ_,-____._

Clay

Jhuui&“gcmwﬁ
Aine_sand.

Clay

chi,__

i —————— — et

e A mam e e s e

- v | < e .

—— e e e e o e e

Cme e ma e s e  —————— v e am e §

e i st e ————

.

3H1 1V 032n00ud3y
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‘NELL

DEPARTMENT OF THZ INTZIRIOK.
Uy. S. Indian Irrigation Service., _
pistrict No. 5. RECORD.

_—-—_——-—--—-—-————.———-.—-——_———-—----—--—-——--—-———...__...—_

Location Leupp, Indian Sohool . ____._. . N
1'£Il.._u“~ /l"//n;/[. £ ’q,mvu_iﬁ 14/ "ELL NO- 5___

5 SIAIHOUY_JIVNOIIWVN 3HL

Began Well _ %
FinIshed well, J .
“Tiameter of well NAVAJU EXTENSION __
Depth of well , : 58 et (2) , _ Reservation,
Surface of ground to waler 10' (not. pumping)- feet ARTZONA
Guallty of water : coor
Quantity of water on test run
Kind oflcasing 5iz¢, ER' . 1w
Jcreen, kind, v Iength - “mesh
¥indmill, date, size, heizht tower,
Tank, date, - - s{ze, kind,
Tahk Toundatlon, KInd, = helzhE,
Troughs, date, kind, length,
Nameé of driller, .

A, _F._Hallstram

ga;s per hr.

REHMARKS:
Well for domestic supply at Leupp Indian School,

L 0OG .

. ————— o~ —— T " W ——

Depth.
From to Formation

Surfagce YL Cl dabe-&—~samd
17 ¥t D5 Pt Glag Tt adebe -
23Tt 29 ft Fine sand & praval
& Tt ETND Clay —
511 51_ft Fine._axnd
51 Ft 58 ft Clay

e e e e o oo ]

—— e B

———— o -...._._.-_—._l

- 4 iie e tes dm et e e omed

- t——

————— - ————— s o S Som mre]

e e mm e —————— e - | tee e e e e e —— = o = e e pon e oo e e — a——

—- -,..._....._.......‘-..* e e e ——— e ——

e B e e A g
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CV-6417-201

INTERIOK. ELL

cation Service

DEPARTMENT OF THE
U. §. Indiar Irri
District lo. 5.

- - - -
——--———..--———————--—--.—-.-—_--——-.-———-.——----—-..._-—_-..-... - n a w e o -

RECOR

-

Location
Bézan %ell, pe
Finishec ‘&;li Jan 20, 1917._ _

ndleN Eguiéapuua*«hﬁ;r

5,191 WELL No. 358

L Bhe o mrs e—— i = s e TEmAL s —— e . SAn 00 G e St Wt RSt

AV AJO

D

Diameter of w_}l 5% ine o
Lepth of _ "’“7-.1.1__ L2012 T4 ——
Surface of _rounc 1o water

Reservation.

70 fe

(44}
(34

toantity of water on test ran -

zals per Ars

tuall 1% of " water rood
y

Kind of casing, black pige""““"‘éize,' AL so
Sereén, kind,  cook JenZth yos oqute 210¢ “Mesh
Hindmill, oat;,

< size kind
TEAK, d5te. i abel0. 1217

1917, sizg, kind
Tank founFaEIon, f%g, —em— st hei ht,
Trou_hs, cate, '~ kKinc, Tén; Eﬁ
Tame ol épiller, T TTTTTTTTTTT

Bon RL Senter

e ot o S =+ Yt Sdm S . A e b ATRES 4@ s % o e A e WA Sim A P 4 e Lok s, e e e S

RETERES:
Pymo set up Jan, 16, 1917.
Water lowered ¢ighty ft aftsr pumpinz one hr,
Good supply of water, quality extra good,

L OG.

DEpERT "7 B i
Formation ! Se

. e et s e ————— = e e o - b e b - o=+ ———

S.ma.ca - 20. f.t_ __.-._‘-_._B.town._.clay____ e e e e e
—~§3:§E_~t~h;ﬂ ft. o _Yellox sandstong———oce— - 4,__~____-_w"-__._w-__
-0 ft Sl et TOUEh BLUG GBI m e e e e e et e e e e
—-S5l £t _____60. ﬂL"_l__ﬁra"4day_~~_§“-___n___*~__-_
- ._;gis)_ Et_*_._-_.95_f.t.--...3.___..ﬂax:d red sandstone. .
~— 5Lt _105.ft . ____ Light-red-sandstoneriittis
ot = = e
N O i A 205 £t ., __Hard _red._ﬁandst‘one—j -
----ao-fl-—f'-L 212_ft B~d_sanda&“g:aual,sunply-afmwaﬁerw—-wn-~-~-*—-—~’—-

makx%.

- —————— -——

-— -— —_— - ——————— e £ 2 e o e 4 . —— o ———
- —_ — ——te—— e e -
+ - - e e S - o aos s
TR MEANSS ¢ ATl mesem o s mer = e Cmesf emmen e e s e e s e o i o <+ = ot e £+ @ e -+ i o = ot o 3o 4 10 4 e AT o i v vm s o
STRA M e 4 e i S e ek e e i i agn s e e e e e s S e S i ot S ¢ R S —— = e = e S——— oo Yo s Ate Aot = mte @ = s e
Sy S e ms chime t st i e e e e e et e i e e —— o vt - -
e o e, o 2 e o e e —_— ——

e e et e e amn b e b ey e ee. . e ee e e s o

e e e e e e m %t ¢ . e s et oo 0 = ma——n - oo
- et et e
e e e e eaem e .
. . - R
SO AT

D N ——— .
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DEPARTMENT OF Ttk INTERIOR. YVELL
U, S. Indian Irri. atmn Service, . ]
District No. 5. RECORTUD

- - - - -
e em G S G e SR e NS MR Cm e e AP P W e E G G NP SR N Re AR GRS SR MR e G A ML S e P G T G AP WS S M mR P A A oY G AS W e me AR
-

Location Eayentas, Arizona, ——— !
€.an Tell %%Ibh 5 Al7. T ™™ WELL No. 459

FiniSheE “Lll _____ ADL.SJ_-Lwﬁ e

DiameteEr ol we 11 sk in. o Na o

Tepth of welld, .20’.-& £t Reser-vat,ion.

X ool S — -

Surface of _rounc to water &0 feet

C;uaht% o vater good T .

Cuantity of water on test run 400 Zals per hr.
Finﬁ of casing black pine._ _ Size, 3L sn. -

\.\,reenl kind, Cook : i ensth bet, 196" & 204" m'isg

TindmilTd, datu, . size » kind .

TRk, 9588, g b S s RInd
langk founcation, kinda, N il heicht,
Trou_hs, calg)] . kinc, . Iensth,
Pame ol @piIIap; " ~~~————--

g - Ben OIS (A 7S
REMTRKST .

Pymp set up April 4, 1917,
Mater lowerod 146 fi. after pumping one hr.
Quality of water extra good,

© amg

1 bood

L0000,

LOG.

Formatinon ! _Remarks.

e i+ S e e e e S e s

— o e e s

_-._i.f_t..___-,-...__ii‘&_;.__ _dhite sandstona_ :

afl 10t Red sandatome " 1TT 7T T
--10 £t 20 ft | Redglay — _

.20 £t 25 £t | _ Red sandstoms ____ _ .
25 ft ______ HO Pt . __ _Red olay . ___._ :

i --_gg gt.-*-.._ﬂn.d_ sandstons .. ________ ‘ |
- i Red cia ;
_eZTt 90 FE "~ Yod san stone —— ~ T 77T B o

e LU —

~ 0 £, 122 £ Gray em;me_.,uma_mm____“_-_ e
212284 186 £t Light rod sandstona T

e e et e ——— e —— e .

186 £t . 204 ~ft._.- . Soft red sandstone,;ond sunply of wates

— vt = e - - 0

e e e ca e chmemi v e ne R et e e et e o ey - -~ ————— —
- - T S S S e e L = e ——_———— — — .
- . e e - e tim e v e e
T e e e e e e e ——. —— e —— ..
. T T e e e e e e e .t + 4 o e e . ————n .
TR e Cemne lediam ettt e s e = m e -
v mia e e pream. .

- .. T T T TSt me e et L e e ¢ tme e e emes mme—m am. .

e e tmm et s e e tmmae a o A e e

- . R RIS P ORI
T RS Y e e ——— s 4 -,

S e e e e Mt e e . ..
e ay eml e cea e ceee e - Can -i - — —— - -
h : - . e ———— ————— v e

. - TSI e tmt ah e w e et o e e

RT3

Lot Basd e WEE
R
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CEPARTMENT OF THE INTERIOR. . VELL
’ tion Service
U.  S. Indtar Irri_ation oA D

Listrict MNo. 5. e ———

P e e e i

MTAATSA
5T U

Location B 0f KAYOna o o e e eememe _ ‘ .
“e“ﬁﬁ‘?‘eﬂgmﬁ%&ufaﬁ .............. T[T T WELL No.z6o
Tinishec Tell, Aug. 30,1917 o

Diaméter ot wvil 5L in. Heatern Navajo E
Lepth of we Il,;gu an______._*“,-_Hm_,_______.~?€__ Reoervation. 3

turface of _round to water i
Tuality of water exira zood. __ . ‘ ‘
Cuanfi%y ST watér on LESt run QSM_L4umnhud ~als _per hr.
Flnﬁ of casin_, black pipe _ Size, 2L 3n

¢reen, kind, length ““mesh
Mingmill oate, size - kind
Tank, Hatej siz€, ~ kinc
Tank founcation, kind, — hel:zht, }
Trou_hs, catg, “kInd, Ten:th :
Vame ol oriller,” 7777 | !

e B R BN O o o e e e et o e e e ot e e

4 SIATHOWY TYNOILYN 3HL 1V QIONA0NdIY

'*Vfﬂ

. f‘mm

RE7ERES:

This is an artesian well,
Well flowa about 1000 gallons per day,

L O G -

]
SRS A0 6. L 2 SRS S _
From __to Formati- : Remarks. !

g e T R e e e

Surface... .. ...} Pt Rod soil. . o o __ — —

—_—f -0 £L_ Blue_clay o L e e e
ESL ft 50 ft Red sand" r clay M

- 5Qft 65 rt | Tougb red elay . ____ __ e e — —_
__65 £t 75 ft_:_ _Red sandstone,lititle wafer - ——

75 1t _.120 tt_© Tough red clay

120 £t 176 £t Red sandstowe _ ___

l’[g ft 179 £t - Ver}z hard gray sgrdstono __,Af.____..___-_._._......_.._.._..__. .

179 £t e 186 £t Porous white sandstone ' e e e e
186 ft —_190_ft__ __Red clay - : e e e mem <

190 £t . 194 £t __Porous white sa_r_xgg_tggg_"____;_-________ e e

_——— ee = - ———— el amimn e e ;e —— . ———— s ——— —— —— et
- - ——— - TE T At AL e enme afh me a bt ke 4L e e mE C re e e A A e mm mme e e B e S e T —— o 4 e e St S s e e + S o > 5
- S T T T e e e e - L P mm Phvcn Bo e e e S A e e b M e e Y= e e e s o S r— ———a ¢ W - 5 i ———— —— s 40"
et et SN e et e ok e mrvrm e o= - e - e cvmem - e = mw— B T T s TSP,
- e — - - .- - - mf - - e e s 4 — -
- PR - - - - e s et e - et e e e
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