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Comrisgioner,
Office of Indien Affairs,

Washington, D. C.

Sir:

There ie transmitted herewith a report prepared by
Prof. H. E. Gregory at the request of your office on the
"Jater resources of the Navajo-Mokl Reservations.™ The
text of this report is trensmitted in duplicate on the
assumption that you will desire to forward one copy im-
me@;atély to your Chief Engineer, Mr, Code. Only single
coﬁiés ;f the maps and other illustrations have been pre-

pared. Your attention is especially directed to the fact

that parts II and V of this report have been written with

, the needs of farmeres and superintendents in the field par-
: ticularly in mind, It ﬁas been thought that you might de-
é . IL/ gire to place copiés of these portions in the hands of of-
| ' ficials of this rank on the reservations in question. 1In
gome respects the report is incomplete, because at your
réquest Professor Gregory has been reassigned to the field
; - for a portion of the coming summer toc carry out further
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researcheg in the northern and western portioné, and
especially in the viéinity of the lower San Juan River
and Navajo Mountain. A%t the oclose of thie season's
field work, a supplementary report will be prepared
which, together with that transmitted to yon, is in-
tended to be a complete guide in so far as it has been
possible to prepare one within the limited time allotted,
for preliminary water developments on the reservations.

Very respectfully,

Director.

Enclosures.
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WATER RESOURCES OF THE RNAVAJO-MOKI RESHEVATICH.

Part I = General Report send Recommendetions.

by Herbert E. Gropory.
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Pert II -- Suggestlions to Superintedenis und Government Farmers,
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Section showing sﬁring horizon, Xeams Canyon region
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Part 1 - Genoral Report and Regommendations.

by Herbert E. Gregory.
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Yiater Reoources of the Bavplo-~tokl Reseryvations,
Port I - General roport end rocommendations,
trod .

Scope of the reports.~ The results of my ptudies of
the weter eupply for ¢he Eavalo and Lokl reservations dur~
ing the summer of 1909 are embodied 4n the following reporia;

I. Ganeral report end recommendations,

2+ Sugpgebptions to superintendents and farmerse on res=~
erxvatione in tho Hew Mexico-Arizona region,

3. Report on the Blask ¥Falls project,

4: Report on the lower Oralbl wash,.

6, Four ppecial reports with detailed suggestions deal~
ing with loosl problems on the resorvations
visited, vis.,

Ravajo

Hopi

Ravajo Extension

Western Favejo,

6+ A solentifio paper dealing with ¢limate, topography,

gurfece water, pround water, and geologlonl struoture, pure
posely omitted from the above reporis and which may appesr
o8 & Woter~Supply Papoer to be published by the Geolopiosl
Survay.
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An erid roplon.,~ The Favajo and Hopi xresorvations
are erids The rainfsll resords, the shareoter and die~-
tribution of the plent and animal 1ife2, phow aridity st
the presont time; the geologic and archeelogio evidence
alike indicste that 4% has been arid Lor thouesnds of
yoars, 8nd the geographicel position, topographioal
gurrowndinge, snd cliimaiic history Indicate that the
sridity will continunes The deficioent rainfaull and ite
mfavorable distridution $hroughout the year; extensive
drifting #ands; & topogrephy of omnyon, mesa, and woph;
dxrying winds; and the elevation above the ses determine
for this refion an unsatisfactory waler ewpply.

Treo growth 1s limited to the high wmosse and mowm-
tain aress, and oven here it is for the most part sperses
w4ith thoe sxception of the forests nn(tha mountelns weat of
Fort Defiance end on parts ¢of the Lukeohukail-Choiska range,
the timber 1s usoful ohiefly for firewood and oven on thece
highianda the growth is hardly dense enough to exerd & no=-
ticeahle influenoe in controlling the surface run-off, Graéa
and certain other plante of more or loos velue as stoock feed,
while nowhere abundant and prolific, es messurod by humid
standards, form & soil ocover over wide areass The larger
animal life oonsiets of coyoles, rabbits and ravens.

4 gheep oount:i;* Bheeb roising $s one of the chief .
industrise of Hev Mexics #nd Arizons snd it 1s estimatea by
the Department of Agriculture that the Favajos alone have
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4,000,000, Cattle wlll proeper here and‘horﬁea also, dut
they use up s¢ much feed without ylelding a proportionete
return that it is hardly edvisable 1o endourage incresse
in stock of this character. 1% 1s poseidble that too many
horses are already in thie country. The FKavajo's meauns
of livelihood is his sheep, He recelvees fair prices fLor
wool in the rough and better prices for blankets. HNutton
is his ohief artiele of diet end this in oonnection with
the food purchased by the ssle pf wool and blankets enables
him to secure sn inlependent living., In faot so important
is the pheep in this region that the physioal improvement
¢f the Xavajo is largely dependent upon improvement in
sheep-raising, which in turn depends uwpon an inoreased
water supply 60 distributed ss to make it poseidle t0 use
21l the natural graes lands, es well es to inocrease supply
of fodder by artificial mesnse. Under present conditions
highly bred shcep will not prosper in this region Tor they
ocan not siand the travel necessary to secure watéx. The
coyote, the natural encmy of the sheap; must also be dlsg~
poged of,

Agrisulture.- In the Ssn Juan Valley, near Tubs, and

in some of the south-facing valleys of the Hopi country
considerable fruit is gvown, chiefly peaches, spricots &nd : .
spples, Patohes of melbns end squashes sre seen here and

there over the reservation, and seem to flourish,
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Corn, however, is the most sucoessful and most valuable
srup, the oultivation of which the Indisn understends andE
uponr which he hes learned to rslye. 4 suocessful government
farmor would show the Ipdian how to inoresse the ylold end
the acrosge of this orup and would domsidex his work ao-
somplished when peversal thousand small patches of oorn were
puocenafully oultivated by Eavalo and Hopis Under such opn=-
ditiocns permanensy of abode would be faoilitated, greater
independence peowred snd the Indian's b41l for flomr be
graatly reluceds

Yater Supplies.

Introdoetion.- Water ip desired ip this region both for

stock raiming and for agrioculture. Water supply for a grezing
comtry involves not a fow large supplies but many small ones;
wot an inorespe by storage of water whore wator is, but mod-
erately permanent supply where at present it is not found,
Water is needed whore sdvantage may be taken of natural feod
on the reservgbione

For sgrioviture, & relatively mmall, but highly im=-
portant factor of the Favejo-¥ioki problem, irrigation 4s
necespary, but even -here many emall supplies of watcr are
depired,

An 1deal development of wotor wonld be 4o gecure moderste
supplies 8 to 10 miles sport over the entire reservationg
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enoﬁgh'watar at each place to irrigate one-fourth ascre
or iesa ~= to be used for corn, vegetaﬁles, glfalfs, fruit,
nto.‘-— end at the same time enocugh to supply 200 to 500
head of sheep, To fulfil these conditions there is de-
. manded not only the use of purface water in irrigation,
but elso the direct ntilizing of rain weter, the devel-
bﬁment of sBprings and the ginking of wells.
‘3M;rrigation.- The Tegion is not adapted to large
_frrigation projecte. There is no permanent stream except
f the 8sn Juan, fed by the tributsries from the mountalns
of Colorado, end even this hap stages of very low water,
4 few small, short, streams from the range of mowntains
on the Arizona-lew Mexioo line and a few from the Black
Hose end Favejo Mountains are permenent, The streams,
however, are to¢ small end st too great elevations to
serve large aress on the pleins below and some of then
are in deeply cut, ﬁarrow valleye from which it is im-
praocticable to lemd them out uwpon the meaam., At great
expense it ie possidle to consiruot reservoirs at Leupp
énd at Chinlee; _thehBlaok.Falla projeot may .be feasidle,
{aee Pﬁrt IIi); andxéaguna_O:eek near Marsh Pess i Qell
wof@hyr of study. T£;7éontr01 of the main washes such &g
Ofaibi, Dsnebeto, Ohin;ee, Eirst ¥esa, Yoenocoplie, eto.,
as well ms of the Little Colorado River, down all of which

pomé volumes of waﬁér in thel;ainy season, involves eladborate
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and costly engineering work, Furthermore, these are
Bpécial problems which involve muoh more study then hasg
been given to them and the failures on yecord fully jus-
tify the irrigation engineers ef the Igdian Bervice in
their refusal to recommend large projects, end their attem-
tion to schemes of moderate cogt which yleld definite and

jimmediete resuvits.

Two projegts, however, of reletively smell cost and

‘wnich would yield adequale returns seem %0 be Justified,
, -namely, first, at Tubs where it ism poseibles o0 make muoch

™\ ‘more use of the water from Big Springe snd Reservoir Can-

yon; &nd seoond, ai Ganedo, where the water from the upper
part of the Colorado Wesh may be taken out esonomitally.

Both of these achemes are such as wounld be wndertaken from

‘& gomuercinl standpoint mlone, since they would grestly

increase the arable land suited for corn and alfelfa. As
a moanp for supplying watéer for emsll Indian farms they are
enply jJustified, and 1f it seoms edvisadle to estsblish town
gites for Indians in thickly populeted areas, or to establish
schools for the training of Indian farmers, thece two places
ére admirably suited. Both these sohemes, I believe, have
been recommended by irrigation enginecrs. |

A reservoir in "Blue Cenyon" peer Fort Defisnce would
inorease agricultural possibilities in that region; one at

Lakesakad would probably 3ustify itp oxpen '}-ﬁnd;more'cngggg;;
doubtless be made of the et?eaﬂﬂt?i%ugggy B efiyon de Chelly

and probébly of that strean iteelf,

‘-;‘-L
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Springs.~ In & reglon of rough topography, dissected
by ocanyons and washes, even if the rainfaell is defiocient,
eprings shound, and the FBavajo Reservatlion is no exoception,
In faot I have been surprised at the number of small, per-
m ment springs on the reservation. Xone of them, with the
excoption of the school spring at Tube yields large amounts,

_ but in the oese of more than 100 springe the geclogic sonditiops

controlling the mupply mre readily undersiood, the method of L

development is obvious, and inersaped yield can be secured gt
gmall costs As the matter now stands, some of the springs,
notadbly Cedar Spring, stilés' Ranoch, Tuba, Burrpo Springs, and '
Xeams Canyon secnre a. lerge peér cent of the flow, dut of the e
hundreds of other springs praotically none of them have se-
sured more than one-balf the available supply; and in several :
ylates eprings of congiderable capacity are lost in iand alidéé.
buried in talus glopes or smothered by drifting sands. Fnrthéﬁ-
more, Emall bogs and swamps exist in several places, the water
in which may be msde available for use.

Rells.~ Invepligetions of exlieting wells 4n regions im-
mediately sdjoining the reservations, s study of the chgracter
of the rook snd alluvial deposits, end specisl tesis with &
hand-&rilling outfit, show that the reglon is well eupplied
with groundwater. This im especially true of the great washes,
for example, the Colorado, Oraibdi, Denebato, Jettyto, Legwma,
S8teamboat, Chinlee and ¥oencopie, First Megé, end the great
open valley east of Tohatohie. The slluvial "fana" and dry
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ptream beds of tributaries leasding from the momtains
arae aleo aaturated with weter, In all of theso lova-
tione, permanent wells of moderate supply may dbe so-~
cured at seleoted spots at intervalm of £rom thres to
four miles and at depths rarely exseeding 30 fest, At
many plages, in fact, water for 100 head of sheep oan
be segured at depths of lesa than 15 feet, and in two
' places considerable water was found &t depths of less
than ¢ feot. -

The narrow weshes of the mepap, Zilh Le Jinm, Cedar
: Ridge, eta,, fuwrnish & number of satisfectory well sites
' and even the high regions dissescted by narrow canyons mey -
be watersd by means of wells. In the oase of the high

;-z-neaas thore is little space for farms or gress lands along

E the immediate atream§, but the 4inter-piream spaces covered N
f with pinion end vedar and diversified by sand dumes and
ridges are good catch basins, where purfece rum-off is
retarded and & large per cent of the rainfall ia fed intS
fhe rocke belows This water is concentrated in a zone
between rock and overlying loosemsterisl and in sandstones
’ overlying more impervioun strate, Its recovery can be ag- P
somplished in 8 number of places by rook welle 100 te 200 1
feet deep. Deeper wells in peleoted localitlies would tap f/-
known supplies and in & few places examined, the probabiyf'-

!
N

ities for flowing wells are good,
,JJ
. /'/
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It is advised that many welle be fdug on these Teger-

vations. The digging of shallow uellé along the main
“weghes might be taken up £irst, and the first season's

work be devoted to sinking wells and developing springs

in locealities where the population is denpest and the

herds largest -—— the well sifes to be selected partly with

refaorence to the education of the Indiasng and partly to

medt the most pressing demends. At the same time or later,

the more expeﬁsive wells on the high lands oould be drilled

and last of all the deep borings for artesian water oould be

undertaken, .

The need for wells is so svident and the probabilities
go favorable thet it seems wise to put into the field at
the sarliest possible date two parties eguipped for well
digging =~ each supplied with movable camp, tools, rough
“lumber, tile or iron cesing, iren pipe, cement, eto. Ome
of these parties should be in nhaige of & competent pras-
tical farmer -- one who is ocapable of securing results
with unskilled In&iaquabor. end its energies should be
devoted to sinking shallow wells, diggihg out and cement~
ing mprings, and building oatoh basins for rain water.

~—-This party would move from place to place under some gen~

= —r——

erel direotion finiahing'eadﬁmﬁiace‘Bfﬁwork4before leaving.
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The other party should have movable veamp outfit, tools,
ptc., and in gddition should be supplied with e combined
rotary and churn drill of modern pattern sapable of sink~
ing holes in xook or alluvium to depthe of say 200 feet.
This outfit shouwld be in charge of an gxperienced well
driller and the gites for doring should be seleoted 8o
88 to seoure water st a distanse from the present sup-
plies; the exasot loocetion to be determined only efter
consultation with men familiar with the geological etruo-
ture of the particular area invelved,

These two outfits conbined might reasonably ba ex-
pected during the year %o sink 20 to 30 wells, develop
15 to RO gprings and to drill 8 or'io deep'ﬁella. Fur-
thermore, one sesson's work should serve to teasch the
Indian the best methods of shallow well eonstruction and
of spring development, and should furnish data puffiolent
to plen intelligently for the future. Expense might be
paved by repairing the 612 well-drilling outfit now at
Orseidi, and it may be Lfound soonomicsal to purchase &
machine for the mixing of gomorete and the menufacture
of ooncrete tiling.

It 4o estimated that at least $10,000 per year for eacth
T of the partiesis-necessary. The prinoiples invelved in
8eveloping springs, and in the location sxd construction of
wells both phallow mnd deep are discussed in the aacdmpanying
reports: Part II and Part V.
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Government Farmers,

The Government farmor 1g an essentisl faotor in the
Moli-Navajo problems In £aot 4t might be seid that the
repidity and permenence of the Indisng' sdvancemant depends
upon the ebility and eharacter of those offiscialms The
Havajo and Hopi alike ere chiefly interestsed in mtook-
raiging, sgriculture, and wator guprly; end the man who
inapirens oonfidence, who comoe glosest to them end who can
exert tho mopt mﬂuence. for thelir material and morul up=~
1if% 48 the mun who undersiends shecp end oorn and the
peouring of water, |

The number of farmers is insdequnate for the territory
whioch 18 to be covered; wnd the tesks 1Yo which they sre
apsigned sre not such ag to aid {the Indian in the most
diroot ways The Tavejo seep 1ittle of the farmer, for
these eoployees are kept oo much in the immedinte vioinity
of thoe mchoole, dusy with the mchool garien, with repairs,
end with miaceu{!ef-ndous dutiens HMen are nseded who willd
devote thelr whole time tov worl with the Indian where
the Indian lives, advising and helping through the year,
paying chief attentlon to those things whioch mest vitally
concern the Indian,

The training of the Govornment farmer for tho erid

‘gouthwent ie deficient, Trerec is little use here for manure,

ensilage, and the latest pattern of egrioultural implemente,
and scoordingly the training received inm humid regions may
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be of little usey A knowledge of eimple well-digsing, of
the uae of rough immder, the sonstrunotion of ditches, the
building of roads and the use of rough stonecande oanent
sre essentisls He should also know something of sheep
and horsess Formere equipped with this practicel infor-
mation are imperatively needed in this region; those who
cen adapt themselves to loosl conditions, mske the most
of incompetent help, and work intelligently and indus-
triously at the many unsolved problems. To peours mon

of this type involves making the position of Government
farmer more attraotive by paying higher paslariesy giving
greater indepondénce, and enlarging the opportunities

ror promotion.

Ap & means of securing men of grooter sbility it 4o
resommended that the Civil Service exominntion for far-
merg be ohlanged Bo £8 1o have specianl examinations de-
signod to tent the ocompetency of men to desl with the
gpecinl yprodiems premonted in the arid Southweet: Ar-
rangecents might be made with somoe of the Apgricultural
Colleges whereby not only cquestions shovld be snpwered,
but actusl field tests oould be spplicd much affer the
monner of teoting of canﬂiﬁatea'xor the position of for-

-ost ranger, Another scheme would he to establish e gahool

£or Indian fermers st Genads or Keesms Canyon, fuba or Chin~
lea, whore undey competent guidance, young men, both whites
end Indicns, might be given direct practioal instruction;

- 38w SRP000169
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or #gain arrangements might be made for suiteble instruc-
tidns 8t the Arizonn or New Moexioo expetiment station.
Under the present system too many incompetemt end im-
practical men aro sent on to these¢ resorvetions, mnd
peoanionally a man oomes who har never harnessed s horae or
guided a wagon over & rough road.
General QObgervotions.

Favajo and Hopi.- The Hopi improsses me &8 & remnant
of & disappearing rece —- one whioh has roached ite high-
est point of mdvencement and i destined to repeat the

history of its snocestore, the cliff-dwellers; one for whom
the Government oan do 1ittle beyond making Ats dying days
pomfortable, by eiding ite agriculture and the sohooling
of the children. Tho Hopi is & skilled sprioulturist,
moch more s8killed, it must be ovonfossed than some of tha
government farmors who are assigned as agricultursl tesch-
grae But any large dogree of advancement on his part ine-
volves a radical chenge in bis habits, his customs, coouph-
tion, place of dwelling, eto. = & change which can har§1§
be expeoted. -

The Havajo, on the othoer hond, hag latent poaaibilitiea
beyond &ny tridbe of ny acqnaintanco ~= hie knowledge of
stook, of arid conditions; hie phypique, his industry smd
independende ars yemarkables fThe 1ncrgaéé in population
in recent years shows that thig fxibe ia well sdjustel
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to ite enviromment, and it is foir to sssume that the
Bavejo will advance to & high state of eivilizstion in

hig present leoaticn. With proper sseisiance he ie oapa-
ble of developing thie country, and may be #xpectel later
to mingle with the whites on terms of equality, and to be
ansimilated into the pupulation 4n the same manner es cer-
tasn lesp advanced Nuropeans. If distinetion must be mamde
between Hopl and Bavajo, es regards sppropriation or the
character of pssisitancs rendered, tho Havajo should receive
groater considerat ion.

Superintendentss- The Indian Buresu should be oongretu~
lated on the type of puperintendents nov in this reglon.
From 1890 to 1900 the writer had occesion to seo at cloae
renge & numbeyr of Indlan agents, snd the Improvemont since
that time in the charmcter of repervation officials as re~
gards abllity, honesty, ond devotion to work is little
ghort of revolutionary. I was impressed by the-éact and

power of organization of tho Mokl Buperintendent with the
mental oalidbre, the plans, end breadth of view of Western
Tavajo Superintendentj with the practionl ideas and the
industry of the Havejo Extenaion Superintendent: with the
genuine 1love For the Indisns and devotion to théby cause

~exhibited by the Sﬁﬁé’f’mm'&ent’uf”i’ort Defiance, -

Tradorge~ With two exceptions, mentioned to the oome
migaioners, the influense of the traderp seoms t0 he helpful.
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They apparently foel the yesponnidbility of their position,
whioh brings than into 4intimate contaot with the Indieng
and furnishes opportwnity to impresc lepsona of honesty and
promptness snd generosity in the overy &ay doalinga of man
with pang There is no doubt in my mind that the greatont
sihgle influence for material, sociel end moral advance
on the whole Eavejo-toki Reservation im the trading popt
8t Goansda,

Missionaries,~ The mission establichmenta on the
Reservation heve not in all ceses Lulfilled the hopes of
thelr supporterss With some morked exgeptions, tho men

are not of large oalibre, and are not possessed of quali-
ties whioh inepire oonfidenoce in their lendoership, Thoy
exre too impatient of resultse -~ tod sanxious to secure mén-
tal onooent to theorotioal ideas, Rigid gitandarde of oiv-
1lizod monduot are demsnded, standards impraciical for reces
of thelr infunay, espeoislly in srid lends whore & more or
loes nomadio 1ife 4 essontiel, - gtandiards which conld
soarcely be demanded of highnminded whites under similar
gonditionss It secms to me that the government shoulé

not baok missionary organizations, but individupl mission-
aries; should inquire ino the fitness 0f esoh mon and |

woman for work 1 this partioular field exsotly os ds.

now done with traders, and other outeiders: to whom privie

logen aro givens The effeotiveneos of misslicnary work world,

I think, be inoressed if the money of ghurches and philan-
throplec organizetionpg were put into hospitels and individusls

SRP000172
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with missiorary spirit be jhduoed to serve ep temohers,
formers, $ield matrons, eto., in the government mervioce,
There ought, Zurthermore, to be more affective mechinery
for sumrarily removing & nissionsyy who poses 88 & pPro-~
teotor of the Indians agsinet the suppomed oppression of
the governmont,

Tuberoulosis tempn.~ A striking paradex in this ro-

gion ie the fact that where white men are sont to recover
from tuberculosis, the Indlens ere dying st en elerming
rate from this 4isease, Apparvently the ghief trouble ie
that the present mode of FBevajo snd Noki life Rurniches
i1deql opportunities for epresding the disecane, For this
resson tubergulosis csmpe are highly %o be desired} noi
eleborate hospitela, but domps of floored tents or of open
housen, A suiteble locatlon inmvolver sufficlent weter of
good gquality, timber or eoel for fuel, and socess to sourses
of supplies: The fLollowing looetions are supponted:
Lokasaked~ adbout three miles west of Indlan Wella.
Abundant good water oan be sooured from & spring and a res-
ervoir sould engily be oonstruoted -« one of sufficient
oapacity to irrigate a emall farm; Lirewood ia ampls in
smount and supplies sould be geoured Lrom the railrosd st
Holbrook or Finglow, or from the stores at Indisn Walls and

C8dar Springss Another good plede on ihe Mokl Reperveticn

is Tallyhogan Sprinps ebout six miles southwept of Keams
Cenyon whore gonditions for water and fnel ! are favorable
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end to which nupplges oould be forwarded from Xeaoms Canyon
pr from Marti's,

For the Ravajo Reservation the following sites are
worthy of oconeidsration: Steamboat Cmnyon, some one of
the gprings wear Hlohale, the spring about three miles
south of Tohatochie, At 811 of thesge placses suffioclent

water and fuel is within reach and access to headquarters
is easy. If not oonsidered too nesr the schosl, "Blue
Canyon™ near Fort Defiance is an idesl 1oaéticn;

Sites on the Western Favajo are limited to itwo regions,
viz,, one 6f the numerouns springe rising in the 611ffs near
Moa Ave and Lyon's Ranch and some place along the upper wa-
ters of the Moencopie {Blue Cenyon), ‘

Harsh Pasg Region.,~ Attention 4 called to the possi-

bilities of extensive development in the lLeguna Wash vallsy
between Mersh Pass and Agathla Needle, as shown on the
Marsh Pass Topographic Bheet; There is opportunity here
for the development of sgrioulture by irrigetion from res-
ervoirs and wella, and & good ocenter for school, government
farm, and hospitsl., It is moreover, s good point from which
40 reach the Indiasns living near the Utah line weat of the
Chinlee Wanh, end glong the pnorthern edge of the Blacy Moun=
taing . . o e
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Hevelo Mountain Diptrigt.~ Fhis is the least known
part of tle United Statess It s worth carefnl explora-
tion for timber, water, o1iff dwellinge, posoibilities of
irrigetion, end with reference to eetablishing a school

t0 pervo an & oentaer for reanching the Indlang of Navajlo

and Piute canyonsg ri{l:»out whom 1ittle ip known.
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Regommendatione.

It is reoommended:

1, That the region be developed for sicok, especially
pheep; that no largs irrigetion enterprises desigped for
agrioulture be undertaken exdept the projects at Tuba end
ot Ganeda, and possidly at Blaok Fells.

2, That two well construotion outfite with en appro-
priation for supervision and labor of £10,000 eech be
organized, and placed in the field ap soon as possible,

3y That farmors for the Navajo-Hopi Reservation be
seleooted with reference to their fitness for work in this
partienlar part of the country, en arrangement which will
involve

{a) A modified eivil service examination
(b} Higher salaries

{(s) Hore muthority

(2) Freedom from dubties on mohool grounds.

4, That a genersl study of water conditions be con~
tinued for another year with spacial attention to the San
Juan end Kavajo regservations inoluding the srea drained
by the Chaco snd the Navajo Mountain district.
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WATER RESQURCFHEZ CF HAVAJO-HOXI RESERVATIONS.
Part IXI. Buggestions to Buperin-~

terndents and Government Farmers.

by Berbtert E, Groegory.

Introduction
8mall regervoirs
The site
The dsm
Springs
Introduction | @
Sﬁringa in wnconeolidated material
Springs betweon ledge and cover of loose material
Springs hétween rock sirata ;
Welle -
Shallow dug wells
Wells in rooks
Flowing wells
Reinwater.
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FATER RISOURCHS OF RAVAJO-MOXI RESERVALIONS.

Part 11, Suggestions to Suporin-
tendentt and Govermnent Farmers.

troduotion.~ The mmell ennual reinfsll of the
Bovajo-ioki Resorvation and thd emizw pbsones pf rain
during April, May snd June, and oft{en parts aleo ¢f July,
make 41 impomssibls ¢o depen A
gtresm flow for water pupplies Lor plock-reieing or agri-

roinfsll end pormanent

gulture.

_ s_matﬁing is done by the Hopis end a fox HewajJos by
planting emell orops in sslected weter-bolding soil Qhere
the secds gerninate and make smell growth, For the do-
velopmant of arops, howevgi'. BlAmer z'ain& are relied won,
yains whioh either cosk into the sand or are made available
by flooding from the weshes during July end August, Small
irripated trsats soatt?ei-ed over the éntire reservaiion
yield good resulis. The cowntry is, hovever, preeminently
depigned for ghesp reipings Ilansg for the development of
water phonld be tiirect;ad to pocuring pumerons small enp,-'
pﬁes by means of small reservolrs, springs, wells and
roinwater olstorns, These supplies, while designed pri-
w@la_&:_iéfaqkmou_fl_d alpo be uped to irrigate Emell
pataﬁ;a of oora, garden truek, alfa.f_l,xa. snd poseidly
fruit trees.
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In developing water the superintendent is confronted
by three probleme:; (1) Securing ressonably large and‘con-
stent supplies at school sitee for laundries, school form,

gohool gardens and erdinsry domestic use. Different con-
ditions muet be met &t Tubéi Leupp, Keams Canyon, Fort Defi-
ance, Walpl, Shimapabi, Oraibi, 8t., Michaels, and the newly
pelected eltes st Chinlee and éhe Oornfielde, e well ae
laguna Creek, @ﬁ??ﬁgifd and other pointe where skhbols oould ~
be located &awﬁﬁvunﬁage {2) maintoining watering plsces elong.
the freight roads, at ooal mines, eto.; (8) the development

0f supplies puitadly loonsted for watering stock and small
cornfields. .

The firet problem has been studled by the irrigetion
engineers and inspectors, and will be but briefly consid-
ered here., The solution of the second 1s Involved in the
third -~ which, becgsuse of its 1mmediqte 1mp0r£ance to the
welfax of the Indiens, hap been the chief Shjact of the
present study, and will be here discussed under the heads

of emall reservoirs, pprings, wells, and raingster cisterns,

sma;I regervolrs.
The larger waephes and particulerly those through which
__great volumes of weter ruah in times of floods especially

where the walley walls oontain gand or adoba. are to be
aveided 4n the sonstruction of ponds or ocatches. The great
and fluotuvating volume of water, the charmcter of the stream

bed, and the presence of 8ilt present problems which have
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not yet been satiefeotorily solved by irrigetion enginecers,
Inexpensive storm-water reservoire may, however, be con-~
etruoted by peying careful sttention to the location, oon~-
struction of the fam, and position of the westewsys.

The gite.~ The pite for e pmall reservoir should de
peleoted pnear the heads of waphes or on tributaries and ‘
partioulexly those brenches whioh &6 not have steep gra-
dients, In faot, the flatter the valley the betters A
valley oovered with greps, sunflowerg, sage bushen, or
greaswwood, baoked by slopes Lforested with pinton and
vedar should be selected where posmible,.

A number of places were noted where natural depreg~
gions in bare took ocould bs ufilizea by construoting smell
dams aorogs the poorly defined outlets., Where poseible,
also, the reservoir should be go loseted that the prevail-
ing sowthwest winds will not have epportunity to drive
waves againet the embankment, & metter whiah is often

overlooked, but is of oonsideradle Importance, even on

8¢ small reservolr wae
is oonpirunoted of ecrth: Care should be taken where
feasible to looate the reservolr not directly in the
streanm valley, but slightly o ono eide so that the rush
of storm water does not spend ite Ml foroe apgeinet the
embankmients By K6eping this faot {n mind, 1t is possible
10 locate reservolire along the pides of tho lalrger weehes
where they may be £1i1le¢d by & poxtion of the storm water
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without denger of destruation. In some oasoesn, aleo, &
ditch may be dng to oonduct the water from {the main wesh
toc the reeervolr and the {temporary headgptes ronewed after
sech storm,

Faturel wastewaye shonld be selested where poseible and
osre should be takaﬁ?ta allow $oo much fall between the poing
where the water leaves the regervolr and where it enters ite
014 channels Thie fact ahonid alao be kept olearly in mind
vhen sn artificisl wasteway is to be amstruoted, Lor the
fall which forme at the lower snd ¢f the waste ohannéij§§t¢
backward with greal rapiditys Where possidle, westeways
ghould be located innthe direct line of the nsturel stream
flow, and sheuld not be located on or pesr the dam, rether
a8 for eway as tho topography will allow, snd at leapt five
feel below the top of the dam. 3Brush checks made of mat-
tresses of greasewood, sage drush, pinion, and cedar fap~
tened by wire may be tonsiructed along the spillwey, and
in favorable locelities driftingpend may be directed to build
dimes whloh may socomplish the same regulia.

The deme= Good dam aites are not abundant in thie re-
gion and materisl for thelr construstion is wsatisfaoctory;
for this resgon greater care should be exercised in duild-

" {ng these earth embankméntf, After the site has beon chosen

ground ebould bs olsared by reumcving the porous top soil,
together with woeds, plant rootes, eto., and the material
thus removed should be taken outmide the reservoir basin,
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A tronch ten feet wide and two feel deep should then be
dug slong the axis of the dams Thie 18 & very 1mpo£tant
matter, as it emables a tight bond tc¢ be comstructed be-
tween the earth and the dam and tends to break the natural
water channel, It ie advisable, slso, to roughen the entireé ‘
surfece over which the dam 4e to be bullt, The ditt for
the dam should be put on oarefully &nd Bpread evenly in ley- .
era one foot to eighteggqizohea in thiocknesa, and each layer
should be tamped or. by driving horses back and
forth over it. This method of treatmont tends to prevent
the formation of horizontal snd vertical p#sms slike. Ho
dirt should be taken for the embankment below the dam for
made
the holes~%has-fi§uxgith water and soften the dmm meterlals,
and where borrow pits are made inslde the reservoir oare
should be taken to leave s befme at least eight feel from
the foot of the sglope in order to prevent sliding. If duilt
'0f loose earth the dam Bhauld?hat be less than 10 feet on
top end the plopes must be Iéﬁs then those of srdinary
dirt banks. The engineer§=of‘the Chicago and Horthwgstﬁrn
Railway from whom part of the ebove data ere obtained have
found that a slope of three to ¢ne on the side next the
reservolr and of two to one on the putside will secure the -
most satisfaotory results. And the writer's experisnce in
plenning reservoirs for stock on the Great Flains is that
an earth dam in an exposed gitustion shouvid be as wide end
8 flat as the loocal onditions will allow.
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The material used in the oonetruotion of the embank-
ment must necesgsarily be that which can be obtained near
at hand. Many places on the Hopil Reservation, in the
Chinlee region, and elsewhere furnlsh excellent clay from
decomposed ghale. In other places nothing but sand is at
hand. Where material may be selected it is of course more

important to plece the impervious materisl on the inside of

the dam. Care should be taken to avoid soils which con-~

tain alkseli and other materials which may be readily dis-
solved by the water. Whers the maeterisl 1s not satisfac-
tory, it can be muoch improved by puddling. Horesee and cattle
or sheep driven through the reservoir and over the dam when
the material is soft will help in securing water-tight ma-
terial. A dam may be further strengthened by facing with
rook and in & number of localities abundant thin slabs of
sendstone and shale are at hend for this purpose.

The most satisfectory esmall dam seen on the reserva-
tion is located on the trail between Ganado and Keams Can-
yorn and was constructed by an Iﬁdian as follows: Two rows
of poste ten feet apart were made into fences by weaving
brush from post to post. The spece between the fences was
filled with sand and c¢lay taken from the slopes nearby.

Sheep and horses had apparently been driven day after
dey between the fences tamping down the materiasl ag it ST
was belng placed in position and also afterward. Prac-

tically no water escaped through this dam and the "lake"

is known ag a constant supply.
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All the reservoirs are liable to £ill with silt, &
disaster which can not be maveided. A smell amount of
8ilt is of course good, as it tends to fills in the space
between the sand graine and increase the water-holding
capacity. By carefully selecting the site as indicated
gbove, the £illing will be very slow, BRBut in any cese
£illing is almost sure to occur, in whioh event the res-
ervolr must be dug oul or a new one built, a procedure
which is feasible because of the small cost of the embank-
ment.

Springs.
Introduction.- Of the many types of springs the one

commonly represented on the Hopi-Navajo Reservation is that
whose position is determined by the cuteropping of a rock
series inoluding pervious and impervious strata. The water
which falls ag rain soske into the ground until it encoun-
ters some relatively impervious bed and emerges at & point
where these beds are cut by canyons and exposed in cliffs,
or along the washes. The water is thus concentrated in
definite zones snd its development implies & knowledge of
the geological conditione at eaoch point. Two classes are
recognized: on in which the water is confined between

uncongoclidated meterials -- sand, gravel, clay, adobe;

 the other where so0lid rock forms the underlying and over-

lying beds.
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grrince in moonsplideted moterinl.~ Springs of the
firet olase in thic regior ¢ecur in the bottom of the wider
waghez or trilutery weshes, or orn alluvisl fans where olay

and adobe age'interstratirie& with ganda and grovolss In
these'aaeea the oherseter of material changes po rapidly
that it ie not alweys poseible to &stermine the extent of
the mmdergrowmd basin or the emount of water aveiladble,
Such eprings may emerge on & flat or gently-eloping sur-
focey Sometimes they appesy in erroyos with bankn twe

$o three feet high, ond in hoth coses their pregence 1s
indinated by areas of sand ihreugk which water hudbles

or by boggy spots. In plaass the webter-besring bed is

at some distsnoe Helow the surfose snd the ocullet glopes
obligquely uvpwards slong some poronm stratum« In pther
rlages the entire water pupply 12 nesy the surfaces The
best mothod of dovelopment in theso sopes in to nink open
toxss of wood, tile, or cement of fairly large oross soce
tion, say ten to fifteen by five feet. The boxos should
bs sot with their 1onger‘diameter et right angles to the
immedinte surlfece elope, and i all éosem should be cov-~
eraed and the water plped to trougha 6r baging 8t pome lower
1evels Where flocd water is iieble to £111 sn srroyo con~

Tteining the soep if ie Botter to aink & well in the dsak

down 10 & depth belowr the point of emergencse of the spring,
Typiosl springs snsceptidle of this treatment sre found

in Black Oreck Volley below Hunber's Point, &ﬁﬁgéi.cayota
Wash west bz Elephant Butte,'at 8an Cone Bprings, and
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elsewhere in th&éﬁiiti;n. fhe spring which supplies Fort
Defiance is of thie eame generel characier and oould be
much improved,

¥ost springs, however, are fed by water at definite
horizonm, 8t tho contzot of pervious and impervious beda,
i.0., by B0lid Yook covered by loose meterial, by sand-
gtone or lavae uwnderlain by shale, or by two layers of
sandetone of different degrees of LTinenese. Iu all of
these oeses the water iz in a thin gheet of great horis
zonta@ dimensione and ell the plans for development ghould
.aim to collect ag lergé an amount as posmible from %his
shallow layer of water.

Springs between ledge and gover of loose material,-~
'!hera the water hcrizon is the plane betwe?n alluvial
material or wash or goil and the Solid leofge, the sim-
plest method of development is Q? bulld & simple aubn

surface dam of board olay. pement or other 1mpervious
materisl et approximately rigyt engles to the main wnder-
flow. Thie dam cen be madejcﬁhtinuous or with two wings,
the only reuuiﬁfte being a tight contact of dem and rook
and an outley fthrough the dam or at end of the dam for
_ the water. (Figs | N

It e y found advisable to dig e shallonwell
throngh the surfaoe material into the rock itself ana
conduot the water to it by means o. thess sub-purfmce dama,
28 has been doﬂé in e orude way at ¥onument Pase and Onion
Springs. (Fig. ).
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In pleges the material over the golid rook oconsiets
of talus from the ¢liffs chove or of extenpive landelias
material a8 is Lllustrated on a lsrse poale gt Oraibl and
First Xeen and Seoond Xeeas Here the osurfuce oover 1s 50
thiok that the water overlying the solid rock esoapes with
Aisficulty and uesnelly 4n wseversl plucos. In such cusen
the begt method of developmont is to drive & tinek. direot-
1y 4nte the hill at the point where the largest muount of

water emorgog, and to oonpiroet lotor:l turdels lusding

from it. Ir this way the outlet 4 brought moerer to the.
chief supply and & nunber oﬁfsmall pecps ooy be nenoentrﬁted
into ome strong flow (cee YTig, )» 'The water supply &t
Bunrise Bprings end to B lescor extent pt Indian Wells end
Btilec Tonoh Is sn illugtration of the suscessful aprlica-
tion of thim prineiples In certein dry sfrosm vourses where
for s limited ﬁlat&nae-fhe r#ox floox 48 btrought to or neayr
the gpurface, the prinsiple of fhe #inged auvb-surfsoc d#ma
pight be used; Ffor instamoe, at the aprisg oo the Fort
Imfianééphinlae road north of the eawmill where Eres Lealon
had developaed a much-needed supplyy Tz some pleces, &8

for instance, Teabelo, four miles eagt of The Cornfields,
~the presence pf taluﬂ is ggﬁEﬁﬁﬁﬂéé factcr, for the water
energing from the rook i pﬁﬁ“cd 80 slowly throngh the
loosened moterind thet pome webter is procent even in the

driest soasen,
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Springs between rock giratas~ The epring stosg ~-
the disiriots whero springs constiinte the ohief water
supply -- 6re the Mokl Euttes including the southern
parts of Hoki Reservation end the non-reservation lend
fmmedietely adjoining; the mesas on which are situated
Oraidbi, Shimopavi, Walpl, etoe; 8nd the Tubs reglion,
Bprings saleo oongtitute the ohief pupply at Xeams Can-
yon end along the o1liffs formipg the border of the Bloek
¥ountaine, In the ¥oki Buttes region the water horizon
is at the bottom of the broken laves and tuffe, vhere
these ignevus rooks overlie dense mandstomes, or the
purple and red sheles of the La Roux formetion. At the
Hoki villsges the water horissn is &t the top of an ex-
tensive gerios of ghales; aimiler oonditions provail 4in
" the Keams Canyon district, while et Tubs the water im- .
bibed by the porous oross-bedded sendstone is brought
40 the surfagce by ehele layers, by sandstone deds of
verying density snd by qracks and Joints in tho rog)
iteelfy There ere in the Hopl Reservation -”

pprings, large snd small, and in addition there are many
omall seeps which ocould be converted into valuvable sup-
plies, £or 4t chould be remembered in the oase of emall

gprings end eeeps, the smount of wator-emerging dves-mot

represent the emount immedintely in the rookes The evepo- '
ration in this region ie 8o great (about 8 feet of standing
wator per yoar) thot & considerable smount of water may de

exhaunted ap it secps through the wook face.
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Perhaps the best method of development for springs emerg- [
ing between two rock jayers is firset to make a basin at the point
of greatest flow, second to consgtruet tunnels and trenches so
planned as to enlarge the water-bearing plane between the per-
vious and impervious rock., The tunnels may be driven directly
into the c¢liff or laterally along i1ts face, with the object
of concentrating ae much as possible the water lying imme-
diately above the impervious bed (usually shale)}. The axis
of the turnel should in general be constructed parallel with
the water plare and dug pertly ir the underlying shale, but
lergely in the saturated upper sandstone. (See Pig. 3).

In this region where evaporation and soil absorption
are great it is not advisable to attempt to retain the spring
water within natural materisls. A basin, preferably of ce-
ment, should be made immediately at the spring, and other
basins at lower points to hold all of the water which the
epring can furnish. Covered troughs or iron pipes should
lead from one basin to another and all the basins should
be covered and made deep rather than wide.

A spring should not be considered properly developed
until 8 constent flow is gsecured and all the water is saved.
If there is more water than is needed for stock it shounld be
carried in pilpes to some point where irrigation is possible.

Bo water should be allowed to go o waste. That a great deal

can be done with these springs is indiceted by the fect that

of the numerocus springs, large and small, observed on these
reservations none of them are securing the maximum water sup-
ply. Most of them lose from one-fourth to
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to one-half of the water:; some of them two~third and in
& for oupes, ss et Lyons'! Ranoh, eprings of considerable
pize lose 8ll their water in sand. It should also be re~
membered that boggy places sre springs that conld be dug
oub, the source of water found, and trested aa/l"”ﬁaml
eprings. 4w an illustration of the proper method of
developing springs, attention is onlled to the Wepo Sheep
Dip, and even heres, slthough the prinoiple ie right, prob-
ebly loss than one-helf the water is recovered.

In some looslities it may be fomnd cheaper to con-
struot walle, designed to tap the water horison indioated
by eprings, than to f,iu-nish material for besine and pipes.
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- —ervation—especially in the southern and western parts are very

Wells. U

The amount of ground water on the reservation is sufficient
to supply wells in moet localities, and if the Indian couwmtry
were to be treated as a commercial enterprise the development
of eprings, building of reservoirs, and digging of wells both
shallow and deep, would doubtless be carried on systematically
with results which would justify the expense. If the white man
elone were concerned, driven welle would in generel be recom-
mended -- wells driveﬁ‘directly from the surfece or at the bottom
of shallow dug welles, and the pumping would be done by windmills.
The cover of unconsolidsted material in the wide washes and
narrow upland valleys is eminently suited for obtaining water
by the driven point method, and it is advieable to esink such
wells wherever they can be teken care of. It must be bormne
in mind, however, that wells are for the use of Favejo and
Hopi, and these Indians are st present incapable of re-
pairing windmills or even hend pumps, &nd acoordingly no
yunping mechinery should be introduced unless placed in the
immediate charge of & government farmer or other officizl.
If g2 windmill is used, it shonld be of the simplest con-
struction, essy to erect and easy to move and one in which
the gears are either protected or so arranged as to be readily
replaced at slight expense; since the sand storms on the res-

gevere and cut out the gears in & short time. Geologicel con-

ditions on these reservations are favorable for shallow dug
wells and algo for wells drilled in rock and in a few places

reagonable flowing wells may be obtained.

/4
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Shallow dug wells.- Congidering the use to which wells

on these reservations are to be put, the number required, eand
the faoct that they must be construsted largely by Indian help
and kept in repair by them -- it is advised that a large number
of shallow wells be dug. Theege wells will of course provide
the largest supply of water at the least depth when located
in or mear a wash with a large drainage area -- e.g., Colorado,
Oraibi, Denebeto, First Mesa, Elack Creek and Chaco.

In places it mey be advisable to sink wells in the wash
itgelf, thus securing water at a depth of four to ten fest.
In such casee protections from floods may be secured by the con-

gtruction ¢of an island of brush and stone about the well. In

. general, however, it is better to locate the well as near as

convenient to the wash, but above the reach of all but the high-
est flbods, and the chances of success are improved when the
eite is selected near the Junotionm of a tributary wash with the
main channel. A little study and observation on the part of

the farmer may disclose the course of underground water even
when It is not apparent on the surface. Care should be taken
not to locate & well where rock is near the surface and at the
same time it should be borne in mind that water frequently ac-
cunulates between go0lid ladges and loose cover and occurs in the
fradtured surface of ledge. When, therefore, rock is exposed in
the bDottom of a well it 1s wise to continue sinking for a few

fﬁgg"iﬁ béder tomféﬁé advaentage of this important water horizon.

e B T TR i ' by e, S8 R et P
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A well of large diameter is advised, especially in placeg
where the character of material exposed in gullies indicates the
gbsence of coarse sand and gravel; 6 x 6 feet or 6 x 8 feet ig &
better size them 3 x 4 feet; and when a large emount of water ss
desired, welle as large as 20 x 30 feet may be dug with profit.
In such oceses, however, & small test well shounld be dug or drilled
to determine the amount end quality of water before undertaking
the expense involved in removing such large quantities of earth,
The object sought In comstructing such large welle is to inter-
cept a larger amount of the water which is moving slowly throuhh
the materials forming the valley floor. Where materiael will per-
mit, the same object may be attained by sinking a well of rela-
tively small diameter and @riving tunnels laterally from the bot-
tom. The depth to which wells should be sunk varies with the lo-
cality sand the chg;acter of the materiel. The unconsolidated
material of the valley washes consists of & series of adobe,
guicksand, sand, gravel, arranged in layers, in pockets, and in
irregular beds; end it is usunally impossible to tell the exaot
bed which will contain the largest amount and the best quality
of water. |

Drilling teste indicate that in most of the larger val-
leys a depth if 15 to 30 feet is sufficient to secure a rea-

sonable supply of water. If greater depth is required, it is
5ti11 practicable to sink wells in adobe, sand and 8ilt to

.Mdep$hsﬁoi;ﬁOﬂormﬂogieetj_withgnowother-toelsf$han—pick~andw~-

ghovel, windlass, and bucket, as has been clearly shown by the
gsncocessful well at The Cornfields dug under the supervision

of ¥Nr. Leaden. The cﬁief obstacle to rapid and economical
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Lconstruétion of shallow open wells in the presence of quick-
sand which is liable to be encountered at any depth from
the s urface down. It is not to be expected thaet an Indisn
can overcome this difficulty; the supervision of & prac-
tioﬁl farmer or a superintendent with some knowledge of
well~drilling or mining is essentisl. There must be at
hand water-tight wooden boxes, or better yet sectioné of
iron tile or cement casing so flanged as to make water-tight
joints. This protective box is sunk as digging proceeds, and
may be used not only to prevent caving, but alsec to shut off
less desirable water where more than one water-bearing bed is
encountered. It should be borne in mind that the pressure ex-
erted by quicksand on well casing is very great; that when
saturated with water the lateral pressure of sand is equal
to 1/2 the vertical pressure and that beyond the point of
gaturation the vertical and lateral pressureﬂagé equal. The
casing must therefore be strong; it must also be water-tight,
for saturated gquicksand flows wherever water will flow, pass-
ing even through 100-mesh screens. The nature of quicksand
and its method of treatment seem to be pretty well under-
gtood in this region, but suitable material for casing is not
gt hand. 1If wells are to be sunk economically and without loss
of time a supply of suitable casing should be provided. If

~many wells —are to be dug 1t -may be-found-less expensive to—

purchase machinery for molding cement tiles. Until the Indians

SRP000194
-17 -



=

$ne upper sandstones down to the impervious shales below.
The springs at Orﬁibi, Keams Canyon, and east along the

base 0f Salskl Mesa indiocate a definite water horizon mmder-
lying the Blaok Hountain region water-bearing strate, which
may be reached by boring EOO'to 1600 foet,~dap§nding upor the
location. It should be olearly understood that such wells
are expensive and that they may_yield too 1ittle water to
Justify the expense, Careful thought, therefore, shounld be
given to their loocation end boring should not be underteken
before obtaining expert advice., However, in order to obtain
.data for future 1nraatig§fiona“it‘aoems advigable to drill
1Q00~-fo0t wells on theweé%ern‘part of Zilh-le~}ini mesa
betwesn the Boo Xoo dot-XKeish and Red Lekxe and on the high
mesa between the Denebeto Wash and the Iittle Coloradoe.
Ingsufficient knowledge of looanl geologio} gtructure is re-
sponsible for two oostly failures, viz., at Oraibi and at
Croes Canyon, the former being sunk entirely in practioally
impervious shales end the other where the supply eres ie but
& fraoction of & square mile, -

Flowing wells,~ A few piaces on the reservatioh, #.g.,

upper Chinlee Valley, Keamg Canyon, Monument Paspa, the bage of
the Carrisos and branches of the Chaco have & geological struo-
ture favorable for flowing wells. There are a number of fLlow-

ing wells at Bluff and at Goodridge on the San Juan and & ghal-

~~Xow ertesian well 0f rether unususl type is found at St. Michaels,

- waever, wmore etudy should be given tp this prodblem before deep
rook drilling deeipgned to secure a netural flow shall be under-

taken.
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- In arid snd pemi-nrid veglonsr, wateor from all sowreos,
soxfnoe, wndergromd and rmin, should dbe etored for upe -
and 1% is suxprising thet Kew Hexioo and irisuns hove pald
Bo 1itilo attontiozn to one of these eources, nomely, rsin~
wators By stoxring mimter', gnpplim for domentic pur
poses &nd for small flookm moy be seoured &n p&rﬁs of the
resorvation whare suriaos water gnd uprixﬁ;a erc aboammt and -
where wolls ere t0o expensive to Justify sonstructions Relne
water cistosns Lfor traveloers and for fomme might be conctruot

s

on $he long rosds which must be droveraed en @&erhg the ves-

’ exvetion and in poing from place %o plage acrese Y, end the
gxount 0f water avellable st storeg, miéaipmr;r settlomonise
gnd govemant hendguarters nighl be inoreased by similar
DoUnB.

Colleoted roiv 15 partioulerly depiznble, where the
preosenl water gupply though #x;i‘fsfnism in apount and oveile
able for stook iz wenuited for pan boocsnpe of alkali, salt,
ahte  For instansce, at Aod Yeke, northesst of Tuba, the
surisee, epring tod woll watere are wnfit for aripting, but
sn ample supply for household purposes is obtained by storing
the water whioh fells on hnld the ptore rocfs Tho water is
conducted into & cement-lined oistern mix feot in &inmeter

- whoudld be supplied with roin froushs and siaterns, Lor thore
are fov places whore rainwaber ie mot more deeirable for

domestic ﬁee than the supplies now at hand.

/'Ez’r / : SRP000196
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Clean ook gurfaoces mAy be uvnd aleo to oolisot reine
water by the conatruotion of emall oement dams at the foot
of glopee; &nd 1t is entirely feaeidle, mas is done in Ber-
muds end sloewhers, t0 olear off sortoin hilleides, cover
them with gement, thue malking shallow ecolleoting basins
£rom which water may be directed to & suitably oonstructed
ciatern or closed basin below.

Reinwater, 1f kept olean, ie¢ pelatsble end entirely
wholesome and ite atorego offers one of the best oppor-
tunities to meot the demund for gaod drinking water in
thia gection,
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Water Resources of the Yavajo-loki Reservation.

Part 11I - The Black Falls Project.
Herbert E. Gregory.
Introduction: The proposition of krs. P, G. Gates
to establish & ocolony at Black Falls has been presented to the
Indian Commissioner and has been studied in a preliminary way
by the engineers of thie Bureau,. K The proposed plan, in brief, is
to take water from the Little Colorado River at ? point three
miles above Black Falls, to lead out onto an ares east of the
river where 1200 to 2000 acres of good land may be served by the
construction of eleven miles of diteh, By this arrangement a
number of small irrigated tracts would be made svaileable ap homes
for students who return to the reservation after gradustion from
Indian scheoole. The success of the project depends partly upon

the poseibility of asugmoenting the naturalflow during the dry

" months.

This region was visited in Yay in ocompany with Xr,
Kendenkall and Mr, Campbell of the United Stateas Geological Burvey
under the guidance of lr. H, ¥F. Robinson of the Indian Irrigation

oy

Office, A detailed examination was made on June 19 to 21, a date
purposely chosen so as to study the conditions during the most
unfavorable part of the year.

The Little Colorado Niver,

The Valley: The drainage area of Little Colorado
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extends from the Continentsl Divide to the Ban Fran§1gco Lountainsg
and f%om ¥ogollon Xesa to the Grend Canyon. From 15 miles below
®inelow to the Colorado River, a 4istance of over 100 miles, the
river either orosses or forme the boundary of the Navajo Rescrva-
tion, From ¥Winslow to Tolchato the stream flows in'a wide flioed
plain, meandering freocly Yetween poorly defined bania of unconsolfia
dated materiai. A short canyon oocours below Wolf's Croesing, and
at Grand Falls the river has veen divertad from iﬁafahanﬁel by a
lafa'flcv and regains its former course by droppingiover falls
seventy-five feet high. 3Black ¥Falle, 1ikéw1£e. is caured by & lava
flow and below thie point the river flowe through aiternatina
strefchea of canyon and open valley until it: drops into a deep

box canyon below Tannerts Croesing, and rinaliy emerges to Join {ts
master stream, the Colorade. ' ’

Amount of Water: The filuoctuation in volume of the

Little Colorado is great. The stream gsging measurements above
ﬁinslnv show that the flow is large, but extremely irregular

and even at Holbrook where the runeoff from 6,000 sqQuare miles is
augmented by the flow from the Rie J'uerco, the bed is occasional=
1y dry. Throughout the digtance from Winslow to its mouth the
stream receives but two important tributaries, viz., Canyon Dieblo

with & drainage of 1220 square miles and the Moencopis, which cole

1edtﬁ—ﬁﬁtvr—rrbm*apyrcxtmateiy' —equare mwiles, PBothof these
tributaries are dry for seven or eight monthe of a:year.
The amount of water in the upper tributaries of the

Little Colorado has been recorded; some messurements have been

- 2 -
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made et Holbrook, on the Chevelon Fork, and slso at Clear Creek
{see table p. 2a )Jbut no figuree are at hand to show the emount
of water in the river at sny point where it may ve made available
for irrigation projescts con the ¥Havajo Extension or ihe Western
Havajo reservation, Detailed records are not however essential
for there is no doubt of tne fact that there is adbundant water for
large enterprises, if some mystem of storage of surface water or
meens of utilizing the underflow can be devised, which will yield
returns proportionats to the expense involved., The river s 80
varisble in 1itse behévior that a single year's record as to height
of water and i{te distribution by monthe cannot be considered
typical{ yet enough {= known to establish the fact that projectns
for using the water of the Litile Colorado Trom VWinslow to Tanner'p
Cfoaging must be based on the aspumption that there is no surface
flow during the months of Kay,; June and parts of July.

The condition of this river in 1908-1509 is probebly
near the sverage, In Deoember 1908 the echool grounds at Leupp
were flooded and the buildings at Tolchato had té be protected by
tenmporary embankments, DPDuring the fore part of May there was &
considerable flow at Leupp, Grand Palls and Black ¥Faslls. During
the lotter pert of Xay, aii of June and most of July the stream
wap dry, During August the extreme high weter made orvesing
dangerous. and on eeveral ocaasiona 1t wau 1mpoaaib1e. On one
-occasion the writer reoalla yroaaing @ praotically dry bed on thll
ptreem, and then weiting four days vefore it was possiltle to ree~
cross. *Always camp on the other pide of a stream” indiéatel

the uncertainty existing at all times of the yeer.

L -
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The river bed.-~ B8ince the sucoess of the Bleck Falle

project depends upon the,faasihility of recovering the
under-flow, an examination wee made of the materiale which
fo6rm the bed of the Little Golorada.“.Above Leupy the val-
ley floor is eut in soft, eaBily deaampoaad'shales of the
"Bad Lsnd" (La Roux) formetion, and vast guantities of the
finest pediment ere carried into the stream with each shower.
Qhe_aand gtorms which prevail through seversl months of ‘the
year also inoresse the amownt of the Linely divided material,
In places it 1s possidle to walk for = mile in the dry stireanm
bed without finding materisl coarse enocugh to be oalled gravel
or even sand. In places the siream bed i# formed of quick-
send which makes orogsing dangerous, & condition which pert~
ly scoomts for the feot ;haﬁ Holbrook snd efan Gallup rather
Atﬁam:ﬁinalew are the railroad vutleta for the loki vilieges.
Bolow Tolohate the atream'vélley ig ocut in firmer materialég
The river bed oonteins sand, gravel end even lsrge dboulders
in several places end the lower messs bordering the stream

are¢ oovered with a pavement of pebbles one {0 three inches

. in dismeter, showing how Gompletely the Piner materiel hes
begn removed by the wind and water. Immediafely shove

Rlask Falls an unnsually lergs smount of cotrse material

$s present. - —
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The top layers of the slluvial £illing do not, of
courge, indicaste the character of the materisl below,
but the numerocus well geationg, and the sections revealed
by channeling in tho mein strsem and its tributarips, bear
out the evidenoce obtained from drilling, viz., that the
valley is filled by & seria; of overlapping 1ense-ah;pe&
deposits varylpg in téxture Zrom oosyse graval to the

fineat eilte. {See figuré?below).

The strate ere ususlly thres to ten inshes thick
ST : to determine
end s distributed that it is impossible/beforehsnd what

texturo will be encountered a2t & given depth,; end sccord-

sngly whet mesh must be used &8 soreen to keep out the

send. The chances are very good, however, that sand of

patinfaotory oomnrpexess will be found et moderste depths,

-8B - SRP000203
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The degree of gaturation of the materisls forming
the xriver bYed and the rate of movement of the wmderfiow
have not been measured, but the wells at Holbrook, Wins-
low, Leupp mnd Tolchaoo, and the position of wunderground
water in the short caryon stretches belpw Grand Folls,
near Box Springs and above and below Black ¥alls prove

the presence 0f larcge amounts of water at shorxrt distances

boloy the surfege durdng the drient month of the year.

At Holdrook are more then 100 wells, many of them
uaing wind power, Water 4o encountered at 10 to 20 fect,
but pointe are driven 20 to 36 feet =« mome of thom 60 to
100 fect -~ 4in the hope of striking the "seocond™ or "third
water,” evidently the underflow from the Puercos %he
Sants Fe Rellroed has an opeon dug well 80 feet {n dlameter
and 65 feet deap in which water atands within 14 feet of
the surfaces The well 15 pumped fyom two to four hours
pex day and for the week ending June B7th, the time of
vy visit, woe yielding an average of 52,800 pallons per
dayj while feirly paletable, this water is treated with
1ime end soda ash dbefore being nsed in boilers.

At ¥inslow, the oonditions are gimilar to thomse at
Holbraok,

o At Leupp, the vall'a:v deposits are of finer texture

thaxn those 8t Holbrsok apd much finer than at Block ¥Fallse.
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The eohool ebtaing water from two pointe driven 30 fect,
and four puints &riven 20 feet, using respeatively 90
and 100 mesh éansa‘ '

At tolohato, an sbutdance of water of fairly good
quality is oblained by einking points 14 to 18 feet,

During the month of June the fine eilte in the osn-
yon below ’Eel.f.'\é erossing were found tombe saturated 4n
four test holes dug, 8ix holém UHug between Grand Fells and
the mouth of the Denebetp showed siwmiler repults:; mnd the
water holes in the canyon above Black Fslls and the "springs”
4n eand helow the Falls indioste that the ssme conditions
exist heres

fhe Black Folle Prolest.- An admirsble spot has boen
selooted for the intake of the propéaed ditch at Black
Fallss The point chomen by Mr. Robingon is 8¢ miles
ebove the Falls snd just below the mouth of @ rook canyon
800 faot wide and borlered by walls 40 to 50 feet high.
Water oould be diverted while the viver is rimning snd the
problen is: 6&3 pufficle nt water be obdained by pumping
at or near the intoke %0 insure & supply during the dry
monthe ?

The conditions are ss follows: A smell lave flow,

*_EiﬁﬁféﬁﬁIy"frﬂm'ﬁ“?éﬁt"iﬁﬁt'ﬁf"éha“n@ar the brirk of the
present falls hag extended up the river end into the can-
yons During the time #lepsing sinoe the eruption the
river han elmost or entirely removed the thin shoet of
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The Bohool obtains water from two points driven 30 feet,:
and four points driven 20 feet, using respectively 90
and 100 mesh gauze,

At éolohato, an gbundance of water of fairly good
quality is obtained by ginking pointe 14 to 18 feet.

During the month of June the fine eilts in the oan-
yon below Wolf's orcssing were found to. be saturated in
Lour test holes dug., Six holes dug between Grand Palle and
the mouth of f;he Denebeto showed aimilaer reauits ; and the
woetexr holes in thé‘ canyon shove Blaock Falls snd the "springs”
in sand below the Falls indicate that the game conditions
exist hers, . i

The Black Falls Projec .--‘ An admirable epot has ﬁqen
gelected for the intake 61 the proposed difch at Blask }
¥alls, Thé point chosen by Mr, Robinson is 3+ miles
above the Falle and Jjust below the mouth of & rock eanyom
800 feet wide and bc;i-de;‘ed by walls 40 to 50 feet high, -

4

; Wat_er conld be diverted while the river ls running and‘;éh,é\.n

problem 4s8: Can sufficle nt water be obtained by pumplig \
st or nesr the inteké to insure a pupply during the dr;y |
mnonthae ¢

The conditions mre ss follows: A pmell leva flow, _
epperently from & vent west of and nesr the brink of the -
present falls hna extended up the river and into the cen-
yon. During the time elepsing since the sruption the

river hes aelmost or entirely ramoved the thin sheet of
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besalt in the region near the canyon leaving a fringe along

the valley side above and at the proposed intake; accord-

ingly the valley ie here f£illed with elluvium resting on

arenzceous shales and ealceareous sendgstones, An examins-

tion of the valley and the bordering mesas for two miles

above the proposed headgates showg that very little fine

material is being carried intd the>river at this point.

The mesap for the most part are covered with pebbles one

to0 four inches in dimmeter, resting on molid rock, and

the tributary velleys are floored with sand, gravel and

voleanic ash. The bed of the Little Colorado indioates

the same oconditions. Fer 2,000 feet below the canyon

mouth the dry bed is about half covered with rounded

boulders of lava, sandstone, etc., ranging in size from

four..inches to three feet, : ,
So far as surfece indications go, therefore, the

deposits in the river bed are ideal for holding a large

quantity of water readily mocessidble. In order to de-

termine the character of the underlying strata, five

drill holes were sunk in the river bed st depths of 5,

7., 8, and 10 feet respectively. In each hole irrsgu-

lerly stratified sand of fairly coarse texture was found,

. 4in which were embedded boulders which made 1t.1mpossiygf1*_;”

to drive the hand drill to greater depths. All of the

holes f£i1led with water almost {mmediately, An attempt

to Binl a test well three feet by five foet was dbegun,

but here again it was not possible to go to any depth
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because of the inability to keep out the water with rough
lumber boxes, &nd plmple baling spparatus at hand, Down
to & depth of gix feet the meterisl wass found to be sand
and gravel with glmost a complete absence of silt, but
conteining numerous pebbles two to six inches in diemeter
80 01086ly packed as to resemble sclid econglomerate,

Beling tests ghowed that water accunnlated to a
depth of 8 inches in the bottom of this three by five
foof woell in 16 minutegs The water was of good quality
with a very mlight teste of elkall. Arrangements were
made with & looal men to have this test pit sunk to & -
depth of 15 fes%t, but before proper epplisnces and hely
oould be egecured, the river was again full of water,

Two other points are worthy of notice; firast, the
gradlent of the river here is such as to carry the finer
material farther down stream; and second, the lave filled
4he bed of an anoient stream from whieh 44 has in part
been removed, end tha baselt oovoupying the valley near
the falls ects ag e subsurfaeoce dam to retain the water
in the encient and modern alluvial deposits in the vioi-
nity of the proposed intake, a ocondition roughly indicsted
by the adjoining section,

gt 27 2 AT
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She above-oonsiderationa indicate that snfficient
water mpy be ¢bieined from the underfiow to irrigate &
trect of the sise proposed. The water can be recoveroed
by sinking & large well, perhaps 80 by 80 feet at right
angles to axis of gtresn and 8 near &8 practioable to
the rivers The well ghouvld be 30 to 40 feet doep, ex-
tending through the lava into the old river bed below.
The pame results would be mcoomplished by sinking s
well of emaller diameter end driving tunnels mder the
bed of the stream,

Before potupl work is dbegun test holea should de
made with & drill both on the banlk and in the stream
beld iteelf,

- 30 -
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WAT KR RYESOURC =8 _Q_F_ TH? BAVAJO-EOKI RESFRVATION .
Part I¥s The Lower Oraibi Wash.

By Herbert E+ Gregory.

The Lower Oralbi Wash between Leupp snd the Hopl
villages wag vislted in May 1909 under the guidance of
Hre Hs ¥. Robinson ,Englineer of tho Indien Service, and
in sompany with ¥essrs. Hendenhall and Campbell of fhe
United States Goolopical Surveys The topogrephy of the
rogion, the presence of pgrass and tho success already
ettained by a few Indisne here, svcmed to Justify fur-
ther exsmination, &and smocordingly the area was revie-
ited in June at the time of its greatest eridity.

Genersl decoription.~ The Oraibi and First Hesa

washea draining with their northern snd esstern itxridu~
taries & large part of the Blaok Mountain region, unite
in the vicinity of The Lakes, £innlly reaching the
Little Colorado above Leupp. These two washes combined
drain epproximately 8,000 squsre miles, and during the
rainy sespon are impassiVle on account of floods. Both
the surfasce and ground water f£low from these waehot is

conocontrated in the northeastern part of the Ravajo

-~ Regexrvation. oo /T T
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In form the region is & plein sloping gently to the
south, bordered on the west bj & wall of red rock ex-
tending northesstward from Honument Point, end on the
eagt by broken mesas extending southward to Flat Rock.
The bed roock le ooncealed over most of the area, 00-
curring near the lskes howsver, in small buttes of
thin bedded calearsous, srgillacsous sandstone. At
Big Burro {Mo&a30%i) Springs the wash is abont 1-1/2
miles wide between rock walle and near this plsoe the
ledge 4is exposed on the bottom of the arroyo. From
Burro (Moencovi) Springs, southward, the wash hes cut
a definite channel in alluvial sands forming a cmnyon
50 to 160 feet wide, 20 to B0 feet deep, and extend-
ing for sbout ten miles. Beyond thie point the arroyo
disgppears and the water spreads out widely and deposits
its load of silt. The volume of water as well as the
gpeed with ihich the stream emerges from the arroyo
nmay be Judged by the presence of numerous mud balls one
to five feot in diemeter, whioch asre sirewn over the al-
luvisl flats. At the southern end of this gently slop-
ing plein is B group of lekes lcocated on & flat divide,
The series consists of four partly detached bodies of

water, each 15 to 20 acres in extent and with & probable

depth of 10 to 30 feet, end three others apparently f£illed

in the reiny season. The sghore line shows that the lakes

- o SRP000212
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are subject to gfeat Livctugtics and thet in June they
oontained lese than one-half tholr mesimom supplys That
the lekes sYe porennic? ig indiceted by the small growths
of cottonwood, the presence of numercus woter birds, frogs,
rerdp Bnd proen alpwoe; the stetemente of the Eavalor slso
hear out this supposition,

The repion between the Lakes abd Burro (Mwomoovi)
Bpringe ie oben te the stropnp southwest winde which carry
the pandés from the Little Colorsdo Velley, end the work
of the wind ig evident sverywherc in the Lower Oraibi
¥ash., Wind-blown sand covers the gurface and severe
pand storms ere common. A 1ittle farther to the west
on the horder of the Doenebito Wash rock besing have
been hollowed ocut by the wina and 4t is quitse possible
that thip aspent hag been a fastor in forming the lake
besins, The surfsce of this valley plain is cxtremely
irregular, divereified by mounds mnd ridgea of sand,
by’ Iry lake beds of variable size, by potches of grases
slternating with areas of sape brush and greccowood, with'
here and there a lome troes The walter courpes are ghel-
low gullies from the mein wash and gre distributed in
the reglon without order, wandering here and there as tha
8light surfaoe irrcpularities direot,

- Structure.~ The Lower Oraldbil Woeh may be desoribed
88 an alluvial fan of low grade, built of matorisl fur-

nished by wind ond water snd atmosphere in the region of
the Hopl villepges, This material is oarried through the
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narrow chonnel at Burro (lMasacovi) SBpringe and spread
out to the south §ﬁﬁgrd the Littke Colurado, (See ac-~
ounprnying di&graqga The slluvisl deposits corsezl the
bed rock except nezr Burro Springs end at The takes. At
the former place ¢he rook is thin bedded sandstonej at
the latter oaloasreous gendeione mand sheles belonging to
& lower geologic horizon.

The chareoter of the material oomposlrg the Craibl
Fan was deternmined by a study of the peotions exposed in
the arroyos and by an esaminution of the drill wushinge.
fhe bank of the arvoye west of Flat Rook was fowmnd %to con-
sizt of bten feel of adobe, snd hard-packed wind-blown sand
in lenses, below whnich wog 30 fect of thin [17~8" $hick)
tede of sund, olayey sand ané sdobe arvanged 4n lenses oy
reguloy bheds down to rooks Uhe beds very in thickness and
in sbrucstire within short dislances, and ths ovmposition
of material in fhig 40-Toot seotlion varies from cosrae
sngwlar gravel to the finest silts. Drilling in the bed
of the waph turee mileg farther south,; gave the following

scction:
2 feet, wind-blown send
& " nerd-pugked adobe
1 foot fine red olay, moft
% feet. very fine sand, hard-packed
1 foot gravel
5 foet white, tenaclous, &ry olay
4 v fine pend, moigt
6 * alay end mapd, moiet
& v g;ggﬁsanggéyogég regquire 80-mesh poroen)
~ saturated ¥ LOX, T T
5t Foct

This section, togethoer with the gides of the srroyo in thie
vicinity, give the charsoter mnd 2ittribution of the materisld

for a deopth of 58 foeti and 1t is fair to assume that the
entire alluvial faon is made of wind end wator deposits dis~
triduted rractically as indicated hore.
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Underground woter.- 02 the water which fallis as rain
in this viecinity, a large part is evaporated, while owing
to lack of permanent and well defined shannels little is

represented in the run-off, A reasonsble amownt Lk &b-
sorbed by the so0il in splte of the relatively impervious
eharaster of some of the surface material, a process facil-
jtated by the presence of numerous surfece oracks from one

to six inches wide, extending domnwards ten to twemty feet.
In certain places sufficient rain water is held in 8%@& dimesn
to ensble Indians to raise a orop of corn, b ing reins the
fan becomes practically a sheet of water n&x—or eignt miles in
width, above which rise the highefihnes apd ridges. At such
times large smounte of water musi be fed into the soll even
though its abeorbing sapacity is small. There is, moreover,

2 sontinuous underground flow from the Upper Orpibu Wash more
or less concentrated at Burro (ﬁat;uavi),&pringa, but con~-
tinuing woathward to end beyond The Iaekes. At the time of
ny ¥visit the sand forming the bed of the arroyo was moist Just
above the rock floor and in e number of ocsses 1ittle oaves

or tunnels extending into the banks indicate the course of
ground water during leses arid parts of the year, During June
the water table was below the top of the porous sandstone
ledge exposed in the wash mear Burro (Heemes¥i:) Springe;
ten miles further south the water tadle was probably 50 feet

or more above the rock surface. And even at Borro Springs;

aaaaa
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the woior able could not be for below the surfaoe, o¥ing 46
the undorlying sheless At Tho Iakes, the water table. reashes
the eurfaoe for two zeasons: (1) Tho rock whioh forms the
bod of the slluvial fen i here at or mear the surfsce; (%)
sortinued fiow of underground water is shecked by unerpdod
Yook which risos at higher levels to the south,
Rocopmendationp.~ 1 believe thiat sufficlont weter oon
be pooured not only for grozing purpssen, But for sgrioulfure,
by einking wells In the Iower Oreidi Yash, snd that good re«
sults oculd ba geoured at mny one of the followirg locelities:
e 4 fow piles below Bip Burrd {Heenoevi) Bprinpgs whepe
wator oould doudbllens be gecured st deptlic of 40 to 80 feot,
Bx 1In the lowlend near the "Lope Cottonwood™ eamat of
Honmiont Point, where ommditions wre favornble for welle ot
the sontoat of rock and alluvisl oover at dopthe of BO ﬁet
oY Borde
8., Op the flat at fhe Cornfields neur the moln axis

" of the prosent Fagh, whore saturated grovel Ysnsen muy be

encountered at 60 to 150 foet below the purfeoce.
ds HNonr the lakes whore shallow holoer will eeoure
wolls not subjeot to extinction by drought, and 80 placed
gg to be oade aveilable for irrigation of exponcd lake bhednp.
The welle should be punk, whors popsidle, into the rook beolow,

but I8 e quite 1ikely that gravel lenscs of suZfioient water

capacity for & snall faorn or herd of gheop will be reached
at ehallower depths, :
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Before well sinking 1p underiaken on any largs socle,
it ie sdviaeed that o numbor of test wells beo &rilied along
the line indicated in the aljoining sketoh. In materislas
of this sort wells oould be drilled at o ropid rate &nd
sufficient data ¢btained to eneble an engineer to make
rlare for Future development.
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NATER RESOURCES QF EAVAJO-MOKT RESERVATION.
Part V. « Detasile for Consideration

of FParmers and Superintendents gn

es0ch Qeaervation.

by Herbert E. QGregory.

The object of this part of the Report on the Ravajo-
Moki Reservation 1s to supplemént by means of maps and losal
deperiptions the more genersl disoussion of Part 1I, Sug-
gestions to Superintendents end Farmers.

Recovery of water.- The 4igging of shallow wells with
windless, bucket, sbovel, the use of ceping for quickeand,
snd the installation of hand pumps, well sweep or rope and
pulley has been discussed in Part II, and is doubtless well
understood by fhe Government farmer, If driven wells &re
depired and wind power is to be used, it is mdvieed that
the farmer sxamine the well at Oraidbi mnd particulsarly the
methods of seauring water ait the cattle ranches north of
Holbrook and Adsmana. A design for an 1nex§ensiva horse-
power pump may be obtained from H., ¥. Robiﬁson. Superin-
tendent of Irrigation, Albuquerque, DIrilling of rook wells
should be done umder the direotion of the Chief Engineer of
the Indian Service, For & satisfectory method of developing

e —gprings attention is called-to the spring at Wepo morth of —
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Quality of water.- With few exceptions the water :‘.’rl;u:nr
pprings and wells of the enfire region containe alkalies or
salte, but the mineral eontent 4is not t;uch as to prevent the |
use of water by man or beast, except in Gypsum Wash. Even
in ghallow pite dug slong the masin washes good water may be
secured by proper oasing, because where-unpalata'ble water
may oocur in one stratum, palatadble water may be found in
the next, On the reservation as & whole, both springs and
wells sre in general filthy, end 1ittle trouble is taken %o
prevent pollutiong even the big supply spring for Fért Do~
fiance is exposed to contamination and would be condemned
by 8 oareful heslth officer in e more thiockly settled som=
munity. A spring used in ¢ommoen by sheep and men should
not exist. -

Springe are eaplily protected by bduilding a covered
oement or wood, or even earth, basiﬁ st the point of
smergence of water and leading the water from this barin
to troughs. Parts of the danger from pollution of wells
may be avolded by dringlng the casing above the surfeoce
and building up the earth about the well so that storm water
is ocarried away from, not toward the well. The spring at
Keame Canyon store end the admirabiy protected supply at
Indian Wells sesure freedom from oontamination by inex-
~ pensive methods, The open pit at Walpi end the springat
Chilehinvite are 1llustrations of supplies that may readily
be polluted.
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The maps.- The meps socompanying this part of the
report are designed to indicate the locations where water
may be obtained by one of the several methods dimcumsed.
These positions are nesessarily only spproximsate, because
the baso maps are not suffioiently detailed to allow of
exact location. 1% shomld be remembered that actusl drill-
ing tests have been made st but few points and that the data
smbodied in this report and shown on the maps are such as were
secured during a reoonnaiasahce of a large area during a sin-
gle peapon. This report is therefore intended to be sugges-
tive rather than to mtate the results of dstailed poientifie
investigation, 1t is hoped, however, that the deporiptions
and disoussion will be found helpful to those whose task it
is to improve the ®ater supply of the Havajo and Mokl Res-

ervetions.
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Papers for reference.~ The following publications will

be found useful to superintendents and farmers, who are study-

ing the problems of water supply:

Yeatoh, A. Cy =

rﬂrtier, ‘B. -

¥end, B, =w===

Bowle, ~--=-=

HEemmann, T. C.-

U.8.Indisn Ser-~
vige =-—ww-

Methods and sost of well meking, Chap.Ill,
Professional Paper Ho. 46, U.3.Gecl,.Survey.
@eology and underground water of Lounisiana
and Arlkensss.

Use of emall water supplies for 1rrigati?m,
Year Book, Dept, of Agrioulture! 1905,
Relation of firrigation ¢to dry f;rming.
Year Book, Dept: of Agriouliure, 1905,
Digtribution of water, Annual Rept.,
Irrigetion and Drainmge Investigation,
1904, pp. 847;50?, Dept. of Agrioulture.
Irrigation in southern Terap, pp. 857-368,
and 4584-486.

Small reservations in Wyoming, Montans

and South Dekota, Bull, 179, Of£fice of
Experiment Stations, Dept. of Agriculture.

Unpublished reports of investigations
made by Irrigations Engineers on methods
of developing water et Fort Defiance,
Chinles, T;ba, Leupp, Ganasdo, Wheat-

— Prelde, etos — - — ——
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Part V-A, snd Map 1. Navajo Reservation; Heamdquarters,

¥Yort Defience.- Ror the purpose of discussing the water
supply, thie reaer%ation will be divided ag follows: The
Chaoo Valley, Highlands along the Arizona-New Mexico line,
Blaok Creek Valley, Highlande between Blacok Creek end Chinjee
Valley, the Chinlee-Colorado Wash Valley, the highlands west
p? Chinlee~Colorado Wash.

The Chaso Valley.~ That part of the Chaoo Valley extend-

ing from ¢allup north to the San Jusn 48 & eynoline made up

of sandstone, shaies and coals of Cretaceocus ege. The dip

of the etrata eastward from the well watered Choiska Mountain
supplies water to the bed rock and sarries it underneath the
valley f£loor. Deep wells in selected losalities along the
@allup-Ship Rock Road may be expected to yield flowing water
of sufficlent quantity to be useful for irrigation. The depth
required for these wells has not yot been determined. Along
the west side $f the valley water may be obta}ngd py develop-
ing the present eprings and still larger amownts may be pe-
oured by sinking wells of suitable oharacter near the washes
leading !r;m the Choisks vange, At the Tohatchie school e
well sunk in rook near the wash and sofineoted with tunnels
running underneath the bed of the ephemerel stream furnishes
g2 fairly satisfaotory supply; and then it 1s remembered that
~before this well was sunk by Hr, Leaden, the school had no
sapply on whioh 1% pould depend, the pogeidility of seouring
water even in unfavorable looalities is demonsirated, ‘The

mission neax Tohatohie is supplied by a 45-foot well simk in

h‘_ﬁ
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rook near the emergence of a dry wash fram the mountain,
and may perve sp an illugtration ol what may be done at

& punmber of localities along the western border o the
Chaco, It would seem a8 1f windmills oould be profitadly
nged in this valley, arnd that oipterns eonstruocted to oatch
the run~-off from the roofs of ptore and mission mand Govern-
ment Larm buildings would repay the expense,

Highlands along the Arizona-New Mexieo line,-~ Burface
wator in sufficient amount snd patisfeotory in guality is
found in the Choiska and Yunitocha Mountains including the
western elopes where Tenlee, Wheatfields, Whinkey and other

gmaller oreeks may be relied uwpon. These pitroams are fed
by numeroue gprings which might well be developed 80 as to
frrigate small patohea; and the Government Airrigation plant
&t Wheatfielde shows what may be done in e larger way. The
woll at Cryatal illustrates what may be done in a number of
rlaces throughout these highlands. Here & wide, open, flat
bottomed grass covered valley receives water from the sur-
rounding highlands and from rain. %he slluvial materials
£1iling the valley s&re apparently saturated with water .
near their contaot with the underlying rocks At Noore's
& well 11 feet desp, operated by hand-pump furnishes a
aatia£aotory supplys It is muggested that & carefml study
_ be-maZs of the conditions at Crystal, with a view to using
thies knowledge in developing the ten or twelve valleys

- B ~
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. may be oonstruoted at s number of places. ZThe dip of the

similarly located about Sonsala Butte and along the east
pide of Blaock Creek Valley, It is dDelieved that wells in
these upper valleys will seocure water at depths lese thaﬁ
20 fost.

That portion of the highlands south of the latitude of
Fort Defimnce offers less opportunity for securing weter
by shallow wells. Xven here small supplies may be obteined
from neaxr the heads of washes aﬁg ptorm water reservoirs

rook 48 favorable for artesien flows, but the thickness

6f rook to be penetrated before an impervious bed ig en-
oountered, prodbadly renders the drilling of deep wells
impraotiosble, IT it 18 desired to develop any springs .or
secps through the deeply disseoted mountains it is advis-
able t0 emanmine the spring at Rook Springs (Bampsén's
store), where an inguffiéient fiow wae greatly Miraﬁaed
by tunneling in on top of the phale for a distance of
approximately 150 feet.

Blagk Creek Valley.~ Blaok Creck Valley from Eed
Lake to Housk's Tenk is on the average mbout & mile wide,
but ressives en unusual amount of water owing to the attitude
of ite bordering lands. In general, the allnvi%%%%ia

- valley is less than 6O feet and through probably helf the
-riverts- courpe—the rook s within 15 fest of the surface.

The numbér of puocessful shallow wells in this valley .
looated near the Junotlon of tridbutaries with the main
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stream 1llusirates & method by which water can be obtained,
The Government irrigation scheme at Red lske is sucoessful
and shall projects of this sor!t supplying water for an
acre Or leas are feagible at & pumber of localities, Buells
Park is particularly worthy ¢f invesiigation. Inside this
area ghallow wells sunk 15 or 30 feet to rock would yleld
permenent supplies; and the narrow oanyon outlet of the park
furnishes en excellsent dam mite for a reservolr which would
serve to irrigate lands further easty o
The supply of ground water in this velley is well shown

by the wells immediately eemet of Fort Defiance. One well 10
feot in depth oontaing 4 feet of water; the well at the hos-
pital is likewlse only 10 feet in depth; end the Government
well 85 feet deep containg 15 Peot of water. It is entirely
Teasible in the wider parte of the valley for each hogan to
have its water supply; and if a simple windmill ¢onld be
ugeld, each well might be oounted on to fwrnish sufficient
water for the irrigation ¢f half an aore or more of land,
The spring in the Bonito Canyon at Fort Defimnce is suppliied
by water oocllected on top of the eastward sandy shales, 1f
this spring were enlarged and deepened, more water could be
peoured and e different typs of spring-house would remove

~ the danger of contemination. \

i@other way of iﬁcéeaeinéwgﬁﬁ supply for Fort Deflence

is to construot a reservoir in the Blue Canyon where & largé

amount of water oould be impounded st 2 smell expense, It
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ia believed that flowing wells gould be oonatmted between
Fort fefianoe and the Haystecks, directly esst, but the
y:leldhwould prodably be smalils At 8t. Hichael's the water
is scounmuleted in the sands and olsye of sn 0ld lake beds
¥ator 48 supplied to the sande by & few small tvidbutaries
leading fxom the mountains into Blaok Creek, end certsin
slay layers dring the water table to within 6 to H Leet of
the surfaeces Wells sunk to rook et this place may de
gounted on for pemanent supplies. In the wider parts of ithe
Black Cresk Velley from St. Michsel's to Hunters Poiht con-
ditions gimilar to those at St. Michael's exist, i‘mdlahallow
wells may be looated near the Jumotion of the emptward flow-

- ing tributaries with the main wash, At The Herrows, 8 miles

below Bunters FPoint, the water stands in the bottom of the

arroyos, but it is wnpalatable. The three springs issuing

at the edge of thip part of the valley should be developed

as indionted in Part II of this report, but the eprings

emerging in quicksand in the é('rOyo itself might better be

replaged by wells sunk in the wide alluvisl flat es shown

in £ig. B. | ~ :
Highlands between Black Cxeek and Chinlee-Colorado Wasgh., -

This area attains an alevation of over 7,000 feet on the

foreat-oovered "mountain" weat of Fort Defianoe. from whioh

g.nc,l Coloraedo waghes., The sedimentary beds, mostly sandstone,
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ocposing this highland slsp 4ip west in gonformity with
the purface slope., Accordingly both surfroe water and
mderground water tand in peneral €0 move weptward. The
dip of the rook and the largce mrea over whioh 'watdr may
be absorbod are oonditions favorable for pesuring fleek
wolle whioh may poesidly yield artesien flows. 5he rela-
tion of pervious to Smpervioun strats has not been determined
for thie ueoﬂon, but Judging from the foote obmerved in
other looalitlies walls lese than 1,000 Zoot in depth mre
not to be adviseds The 800-foot drilled well at Croes Can-
yon in which B0 feet of water is standing, ie prectioslly
2 dry hole with the excoeption of the water which oomes into
the well from the ocontanot of loomened surface material end
bed rockys The well im not deep snough, dut in any tage ite
position et the edge of & vanyon is unfavorasbles In faot,
12 not sunk deopex the well sould be improved bty plugsing
it sbont BO feet below the purfave, _
Boonune of its oover of timber and grase and the lerge
aroas of bare rook, this roglon furnishes & large number of
admirable sitee for storm water rescrvoirs. Judging from
the number obmcrved, there are probably over 80 losations
vhere water nay be inexpensively stored by methods éxplained
in Part II, or by adapting the plans outlined for the pro-

posed renervoir at Genada (See roport of Irrigation Engineer).

8prings are rare in this area and so far as observed they
energe from bare or thinly oovered rook; in most cases

o 10 -
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ping bels heve been truncated by small oanyons, It 48

not pmitcwlg to develop springs Jaening from vock at the
botton of ahallow ocenyons subjest to storm floode; and 4n |
the ceses tbBerveld, a well sunk 51 tho bank mbove the rasnoh
of otorm water would be wore putisfaciory than developing
the apring by bturnxelings ZFenr Zilh Tuanyan Butte there are
& nunber $f secps and throe well developed spi-inaa‘; in faot,
tha butte 4# preotioally a;trrozm@e& by & wide trenoh An
which the water table is near the surlades The water
asma.tu b erought to the murfsse by eonminsy inte aonteet
with the igneduns mueos 1T ie believed that water snfiioient
Lor SLx»igeiicn of small tracte may bo teveloped here by minke

— Jered

ing [ehallowfwells at ocnvenient plaoes on the weet, norta,

and ponthoart pldea of the butie.

Bhaliow wells of three typen ars foasible Sn thiz areas — — -

1, thooe gead i the deoompored and fractureld upper surfese

of lelpes menr the jundtion of tributury streans with main

- 1Y =
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ﬁaahea; nﬁ may be peen mt the well on the St; NMichael's
Cross Canyon road. 2, wells sunk in the upper ends of
washes where a pmell rock-walied smphitheater filled with
loosened meterial exists. The well et the sawmill will
Berve eg &n 111ustratiop; Here, the head of the draw is
filled by 14 feet of overlying loose material and the well
uunk)through this oover to the rock below taps the water
horison lying on the ledge and pgodncea & satisfactory
uupply.. At about H00 feot distance im & dry wﬁll sunk
directly into the rook. About eix milee northwest of
Fort Defiance on the Sewmill road at a pleace where there
is now an unsatiasfactory well there is opportunity for
seouring water by sinking & well of large diametér 15 %o
20 feet into the elluvium of the wash, 3, shallow wells

in wesh materiasl where the streams lesding from the high~

lendp to the west and southwest have opened up wide valleys

ag in the Cottonwood Wash between Hunters Poin} and Tanners

8pring snd the wesh leading southwest from Crosa Canyon.
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8peoial reports have been prepared on the water oondi-~

tions in the Oanyon de Chelly region and there is no doudbt
that large supplies for irrigation may be developed by tak-~
ing the mnderflow from this stream; and shallow wells will
yield water at almost any point within 10 to 156 miles from
the canyon's mouth. Special attention is ealled to Beau-
tiful Valley 15 miles north of Ganado where s took-walled
depresaion vovering nearly 100 square miles exists. Here
the water is near the surfece eand osan be tapped by wells
10 to 20 feet deep which, with the addition of emell stom
water reservoirg in the tributaries entering the valley, will
furnish gupplies for sn egrisultural community of considera-
ble size,

Chinlee-Colorado Wash Valley.- Thip wide opern valley

is practioally oontinuoua from Chinles to the Santa Fe rsil-
WaY » A.divide however exists near Gansdo from whioh the
Chinlee flows porth, and the Colorado wash southwest. This -
well populsted valley is preeminently a region for the ocon-
gtruction of shallow dug wells and ¢f driven welle to Ve
operated by windmills or other power. The two wells at
Hubbellle store, eaoh about 15 feet in depth, the one at
ﬁisaion 20 feat in depth, the well &t Sunrise 18 feet

in depth, and the woll at The Cornfields 60 feet in depth,
in addition to 8 other-wells— lLpss than 25 feet deep inai- -
sate to the Government farmer the conditions prevalling im
the central psrt of thie great valley, Farther south beyond

- 13@
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the bordera of the renemtion are many aatisfa.otoi’y drl?en ! )
wells 40 to 50 feet in depth operated by windmilla.\ At f'
Bharp's Rench, sbundant supplies for stock oame ir&m\three
wells, The two examined had driven points 20 and 16 feet
respeotively, and are said to supply 300 hesld of oéttle.
The welle on the Wellsce, Donahue, end Hemnessy ranches
north of Admmans are interesting in that they enpoﬁhterod
g8lkaline snd salt water at 17 feet, wateirwith léséuaalt
st 80 feet, and water of excellent guality at 40 feet.
The Govexnment farmer may reosive & suggestion for the loce-
tion of Bhallow wells by examining the mﬁebeto wash east
of fhe Gornfields, where I have sdvimed the sinking of &
well 20 feot in depth near the old Btewart plaoe;“ygd
anothor cne & mile end a half ahove the Stewart rléﬁc
at the 5“n°t199a3?~E33;EEEE;fEEE_EEE_EEEEEffffj:) \ ‘

C:;in most of the places shown tm the map, if sgites ggg
selected ap suggested in Fart I of this report, 1% ie
1ieved that wells permanently beyond the reach of fiio::

will secure water at depths of less than 40 teet,

many 0ases lése than 20 fLeet, ,

The upper Chinlee Valley %is not mnoarly so wul;\hpp- \
plied with surzace and ground water as is the Colorado
¥agh. A nunber of tests were made with the hand drill in the
boa 0L the dry lskes 12 miles morth of Ganado. Sticky olaya

saturated with water were sncountered but no water aaeped 1ntb .

the holes at depths of 6 to 10 feets The ohance fok seouring
water at 30 feet or so 1# good at sbent = mile east of the ;;

‘A\‘
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dry lekes, The floor of the valley is mo flat, however,

at this place, that the water would be expected to move
plowly and wells of large diameter are therefore advised,
Seven miles north of the dry lakes & arill passed through

4 o0t of fine olay and sand, 10 fest of fine pand, £ feet
of wet sand, 8 feet of white-yeollow sand, 1 foot of black
sand, 6 feet of yed-yellow sand paturated with water, De-
oompoaed rock was etruck at B8 feet and water entered the
drill hole, but not in sufficient gquastity to Justify sink-
ing & well. Wells in this wash will neod to be sunk to the
ledge or e little beyond, In the wide flat between Hlohala
and Salakal mesa there is &n dpportunity for developing water
by wells to an extent required for irrigation om 8 moderate
soale, 'SurftOQ water from & large drainage area now flows
t0 depregsions where it remains for a longer or shorter
time. Much water is elso absorbad in the sendss Theéppper
purface of the sandstone which forme the bed rook is very
poroug and in places ae et Totooung, springs emerge where the
decomposaed sandstone rests upon the firmer rock below. It

ia believed thet wells passing through the surfasce evover

and 16 o0 80 feet into the rook ledge could be relied mpon
for & permanent aupply. Directly west of Beautiful Valley
it is poseible that flowing welle may be seoured, ag is
indicsted by tho geologicsl ptruoture (see Lig.9.).

= - Highlends west of Gansdo.~ The rocks forming the mesas

from Hiohala to Steemboat Canyon end beyond, are sandstones
inoluding strata of ghale and ooal. fThis region contains

numerous springs, two perganent and eeveral sphemersl lakes,
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and a few artificial reservoira. Springs occour at
definite horisons, umsuslly between two layers of sand-
stone, as is typloally illustrated at Togay and Rook
Water east of Eagle Crag. Al s few places the oon-
ditiong at the pprings ere identical with thoce desoribed
on the Hopi Reservation (gee Part V-B). All the springs
wigited sould be made to yield more water dy developing
a8 indicated in Part II.

Additionasl permanent water supplies may be developed
in the larger waphes, Stsamboat Canyon, ete., by sinking
welle ir slluvium.s In many 1ittle roock floored cenyons in
the forweted part of this distrioet sre exoellent sites for
storme reservoirs, soms 6f which have been teken advantage
of here and there by the Indians. More sould be done
along this line. In the neighborhood of the three ephemeral
lekee mapped in this ares, sghallow wells may be dug to fur-
nish water dwring the dry season.

Part V-B, and Map II. The Hopl Reesrvation., Head-

gusrters, Keams Csryon.-- For sonvenience in disoussing
ite water pupply the Hopi Reservation will de divided
into five parte; (1) Mokl Buttes,(2) the great washes

south and west of the Hopi villaeges, (3) the Keams Cen-
yon district, {4) the Hopil villages, end {5} the Zilh-

- le-jini Mesa,

Mokl Buties.~ The prodblem here 18 chiefly one of

improving the mumerous springs. On the maps prepared
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by ¥r. Keepers, alloting agent, twenty-cne springs are
shown in three townships dordering the Hopi Reservation
on the mouth, and in this region as a whole there are
probably sixty springs and seeps, from all of which
inoressed supplies may be mesured. The gprings ooour
at two horizons, namely, at the bape of the lava or tuff
and st the base 0f the heavy sandstonep overlying the
shaleb. In most places the exaot point of emergenoce is
soncealed by asoumulations of boulders and yodblee, bub
the souroe pf the water is st the ocontect of the rook
types mentioned a:bove and effort; should alwaye be made
to locate the exact water horison,

Tho method of developmént of eprings emerging from
rook ip disousped in Part II, &nd pay be further iilns-
trated by two ocases: mamely, Indian Welle and Stilés Rench,
where most of the svailable water has been seoured; The
gupply at Indianmhlla {Fig. 10) might be somewhat inoreased
by driving tunnels obliguely downward with the idea of
tapping the water horiszon end by developing the small peeps
near the store. At Stiles Ranch the Govermment spring se- '
ourep its weter on top of the shale and marl end ocounld
be further im;iroved by driving tunnels or digging trenches
along the base of the overlying lavas and tuffs. Big
Spring {eeo fig. 11) oounld be improved by enmlarging and
inoreasing the number of feedere leading to the main supply
box, A good method of seouring woontaminated water for
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valley £411 overlying bed rook ara advieed. Tha well sitos

domeptioc vse is illnatrated by the Homoe Spring st Chandlers
Rench where the Bprinfg bouge is made by blaatipg direotly mtq
the rook {see fig. 12), In parts of this ares & oover of ’
broken lave and decomposed sandstones end sholes overiies the
ghale bed and wat er emorges ahove the phales mlong the gides
of the wash as illnstratod by Coyote Spring; near pyramid
Butte, where peeps are geon for & distance of three or four
hundred feet along the valley side (see fip. 13,)

At Heson Spring, an scounlation of eand dmes end
irregularly deposited etremn materiale forms the water-
bearing beds (see fig. 14). Comar Spring is apperently of
this seme general typé, end as etated by D, B. Johnsen of
the Forest Service, oould easlly be developed to secure &
larger supplys Cottonwood Spring ie & good illustration of
these supplies ocoming from the base of the lave, which sotld

be inoreassd Ly tunneling. As indioated on the map, wells

80 feot or lese in depth may he sunk with profit 4n the
Twin Buttes region and in the flat valley eouth of Cedar
Springs. Deep rock welle cannont be reoommended beocause
the region s underlaid dy eeveral hundred feet 0f almoet
impervious olaye and marls,

The washes gouth end west of tho Hopi villapges,—— In
thipg region ahallow welle driven partly or entiraly through tl{e

indicoted on the mep are the only ones partioculerly exemined;
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but other spots may be éelected sccording to the principles
explained in Part Il. The depth to which these wells phould
be sunk depends upon the amount of valley fills end the pres-
tnoe or sbsence of gravel beds, as well as the nearnens to the
main ohannel 0f the washs It is reoommended that the wells de
gunk es near the present line of intermitient fiow am is pos-
gible without danger of floods. At soveral looalities in the
iower Denebeto, Middle Oraidbi and Seoond Mema Washes seeps

are known to coocur at the gontaot of bed roock and the overw
lying alluvium, and it is belleved that, in general, welle
punk through the drift and a short dietance tito tho rook will
geoure amall supplies. Tho Bargeman well on the upper eastern
tributary of Corn Craek lllustrates fairly well the oonditions
prevailing in most of the lorger washes (gee Fig. 15)., In
thie pleoce water was found on top of the bed rook at a depth
of 19 feet and b feet of water can ugually be depended upon,
Well d4iz zore working in this region are advised fo0 examine

the Bargeman well and to study the relation of stream channel,
valley £111 and rookx floor exhibited by the 66-foot well re-
cently sunk at The Cornfields neaxr Ganadoe. Looallities where

and Bigs 3Burro
watar emerges from sandetone ere iliustrated by Little Burro /

Springe {see fig. 16). In both these cases advice regarding
the improvement of the supply has been given direotly to the

—Hopil in charge. For reoommendations regarding the Lower Oraibl

Wash saee Part 1V,
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~ Xeans Canyon region.- Keams Canyon is aleo & distrigt
of epringe, Here the water horizon 45 vt the bess of the :
gandstone forming the ocenyon walle, and immediately above
the shales emsooimted with coals; the relation of rook
pgtrata to0 water may be seen et the epring swprlying Hub-
bell's store, and elso at the group of springs nsed as &
weter supply for the Indian School. At Marty's and alpo
at Jettyto end Tallyhogan the water emerges at the same
Took horison ms at i!eams Canyon, A% Tallyhogan, however,
the water is oconoentrated by large Joint cracke above the
shale and care ghould be taken to inslude all orabks yleld-
ing water $n the plans for improvement. AY Jettyto the
telus and landalide material has ooncealed the exaset rock
outerop. At Marty's, Taliyhogen and Jettyto there is an
excellent opportumity to inerease the supply both by
“4trenching at the springs themselves and by securing the
woter now wepted in the numerous gmall meeps. The spring
horizon of this ares is $llustrated in the mection, fig. 19.
Shallow welle will yleld water in the Jettyto Wash and
on thé eastern borders of the First Mesa Wash. Deasp rook
“wells in this district oan be counted on to peoure water
if sunk on the mesas down to tho strate thréugh which spring?
emerge. Nothing will be galned by drilling desp rook wells :
in the canyond unlesg they 8Te HinK deép enough to pass
througl%a‘}c%g—gndstone below, This will reqnire boring 500
to 800 feet, at which depth 1t 4g likely that & weter-bear-
ing bed will be enocountered from which weter will rise in

the well and perhaps overflow,
. 20 -
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Hopi yiilages.~ The Hopls depend larpely on springs
for their domestio supply; end 4n fact, the location of
the Bopil villages secmp to have been in part determined
by the presence of small permanent streams of water is-
sulng from rock and talusge Conditions, however, ore
not favorable for securing en adequate supply by thise
means because these long nerrow mesap are too emall in
extent to gether & lerge quantity of water to be fed %o
the spring belaw. Furthermore, the presence of landslidss
and talus has resulted in oonoeellng the point of emer-
genoe of water fram the rocks.

The Indians at Walpl end other villlages on the First
Mesa obtain water from a big open pit, & second pit hav-
ing been sbandoned, presumedbly for pome ceremonial respone
Thie epring or well might be improved by sinking tunnels
into the mase of loose rook back to the lefge thereby con~
centrating all the flow at one point as suggested in Part 11
[pee aleo L£igs 8)e Tho well at the school is favorably
loocated g0 far ss obtaining water is oonosrmed but is in
danpger of oontamination from the polluted wator in the
"ppring” neer bye. It is not probablo that even sffer de-~

" velopment the springs at First Mess will fwrnish the

water depired; but an adequate supply for these villeges
ghort distance from the present villege eiltes If found
desirable water might even be piped six miles from Wepo

Springs

!
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Advanteges to be galned by developing springo are
woll 41lustrated st this latier point {Tepo) where two
oemented reservolirs have been oconstructed and s part of
the water secured from three big springs one of which f£ills
8 5,000- gellon tank in seven hours, Pfobably less thon
nalf the water 1s however recovered in this plece and it

i believed that by en expenditure of approximately a thousand

doliare, water enough oould be secured not only for the sheep
aip, and for etock, but for the irrigation of a considercble
truct. |

The oonditions at the Second Mesa are practically iden-
tical with thooe at Valpl except that the water here is some-
whet better oared for. The ancunt of water ie barely suffi-
cient to supply the looal neede, dbut may de increase&}at
¥ishonginivi and Shipaailuvi by developing the gpringes. This

is highly desiradle becasuse the spring at the Shimopavi school

furnishes barely & gallon per minnfe. Inr case the epringe
do not pleld enough water, wélle msy be sunk in the broand
valley sonth ofd eést of the Second Mesa villagese The
large area oontridvuting to the Bcoond Mese Wash tnoken 4in
oormestion with the foot that ghales are neor the surfape
makes it reaponable to euppose that a eatisfactory supply
can bo geoured by welle 30 to 40 feet in depthe

At. Oraibl the epring at the bepe of the oliff under- .
neath the sandstione yilelds & small continnouvs supply while the
two walls back ¢f the store sunk 15 feot are without water
during the dry senson, and even the gpring northwest of the
store dries out. These 8prings and wells might bec somewhat
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jmproved by & series of tunnels penetrating the overlying
landslide and talus material, reaching back to the bed
rock (gee fig. 8). The most satisfactory aupply for
Craibi however, 4is to be obiained by sinking wells in the
wash eapt of the Government eschools, carrying or foroing
the water to the duildings. The large drzinage ares oon-
tfibutory to Oraidi wash and the presence of shales negr
the surfsoe indicate the presence of a large amomnt of
gronnd'watar st a 8light depth; and this supposition is
abundantly proven by the fact that the Govermment well now
used, sunk to a depth of B8 feot sontains, according to Hr.
Btauffer, four feet of water at all times: and by the faet
that & 34-foot well At the Mission showed no change in amount
after oontinucus pumping for twenty-four hours, Dsep rock
welle at Oraidbi sannot be reoommended mnless es at Keams
Canyon they oan be sunk t¢ depths of 600 fest or over, eo
a8 to pass entirely through the shale and into the sandstone
below. And even s well of grest depth should he considered
ag an experiment.

The Demsbeto Waskh between Oraibi and Cedax Ridge hsas
in general a £illing of between 20 mnd 30 foet and the
presence of Becpe at the contast of rock aﬁd valley £411
indicates that wells sunk in this srea to rock will be
suceessfnl. It ig recommended thnt 81l the Covernment
buildings at the Hopi villages be equipped with eave~troughs

and oiategf: ap en additional precauntion.
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Zilh-le-1ini Xesa,- Water may bde devaloped in these
highlends by &ilgging shallow wells in eands on the floor
of the wagheg and by elnking ehallow wells of large dismeter
6t the heede of volleys £11led with rook detris. ‘This ares
is, however, peculiarly adapted to the construotion of storm
wetey regervoire becsuse the rook is slmost everywhere et
or neer the purface and there is & scover of vogetatioﬁ. The
gurfzce of the meeepg iz roughened by dunes end undreined
beeins, and thé purfaece rock is porous. The rsin ip there-
fore ebeorbed Sn lerge smounte and pinks direotly into the
etrats below. For thls remson, wells gunk 78 to 1CC feet
in the rook will probebly yield watexr and wells pensirating
the penéatone 60C to 1600 feet {i.e., to the ptrate of mhale -
iring below) are likely to wecwre larger amounts of water
end popsibly artesian flows;still deeper wells pepsing through
the ghele might also securs water, but the depth reauired,
2000 feet or overm would probebly render this plan imprag-
ticable.

In the Chilohinvito region the water comass from shales
and eheley dandntones and is so ptrongly slkaline that de-
velopment of the exipting springs could hardly be advised,

g better method being Yo oonstruet storm waler reservolra,
C}%@4Zﬁ50. snd Yiap II1 Navajo Extension Headquarlers, Leupp.-
This emall reservation ie bisected by the Little Colorado

River; in faot, it may be said to be & part of the Little
Coloradec Valley« PFor some years at lesct water both for
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atook and irrigation will be Qoveloped along the irmediate
line of this river end thers is therefore no 00oasion to
&isouss other possible pouxcess The wells of Tolohaso,

the old wells et Leupp, end those sunk during the present
epring have demonstrated that the wider parte of the rook
valley are filled with saturated silte., Wells are therefore
feagidle, The Lollowing reports in the hands of the Indian
Offioe give suffiolent detail regarding oonditions 4in the
Bavajo Extension reservation:.{l) Report on the Canyon

Dieblo project, in which is disoussed the sonditione in the
vioinity of Leupp; (2) the Blaok Falls project, Part III

of the present report, in whioh the character of the deposite
oovering the valley floor of the Little Colorado are disoussed;
(3) the Lower Oraidbi Wash, Part IV of this report, which dims-
ougses the water conditions in the vicinity of Many Waters
Takes; (4) Paxrt V-B of this report, which desls with the qon-

ditions in the region north of Winelow, &n ares which may be
at pome later time attached to thie Reservation.

@d/{/f U-D,and Yep IV. Western Havajo Reservation, Hendguarters,
Zubg.~ Four ercas within the Western Navajo reservation were
vigited Auring the peet years, Firgt, that pert of the reserva-
4ion whioch lies in Utah, the reglion insluding Gypsum Creek
and the lower part of the Lower Chinlee Valley; secaond, the
Laguna Creek Valley; third, the region sbout Tubas and fourth,

& portion of the Little Colorado Valley. It is planned during the

present season to revisit the northern portion of thies reserva-
tion and therefore the discussion ie et present limited to the
following details,
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Gypsun Creeck-Lower Chinled.- Muoh of the aurfqoe weter in
this distriol is ueclees becouse of ites large alkaline sontent,
This is partioularly true of Gypeun Creek, Gromnd water may
however be obtained in three weys: by shallow wells, from
pand geope, and from deep rook welle. The Lower Chinlee Wash
is admirably adapted to shallow wells muml in the valley fill

to bed rook or to some ooarse stratums In peveral places ob~
served 80-foot welle would yield permanent supplies. In the
Monument Pase region the sand dune ocover is heavy and many
enall arroyos have been oompletely £41led. Welle may dbe
dug in these sand~filled valleys or the seeps may ba\de- "
veloped by enlarging the mizse of the 0penings'an& oonnecting
several mmall supplies. The etirats mnderlying the Chinlee
Valley, Gypsum Velley, and the valley lying west of Monument
Paos are folded into a serien of anticlines and gynolines
whose structurs is admirably adapted for flowing wells. The
depth 0 vhich these welle may be sunk in the rook has not
been determined, but jJudging from the welle gt Bluff and
from thome in the 01l Fields at.Gaodridge, it in neceseary
to penetrate 600 to 1,000 feet of sandstone before reaching
the impervious beds of limeptone and sholembeneath whioh sand-
stone again ooours, Between Gypsim Creek and 0lJato, there
ere several spots admiIsbly adspted to the oolleotion of
ptorm water by inexpensive dams.

Legunn Gresk.,~ Iaguna Creek 1s a pefmenent stream and
the fiats slong its pide in a numbor of plaoes offer good

f
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ppportunitiens for emall irrigation projects, In the wide
baging portheast of Marsgh Pasc {e.g., Kerente) weter may be
obitained by shaliow wells. On the east eide of Upper Gypeum
wash goutheast of Chameskla flowing water can probably be
obteined f£rom the rook.

Zuba rogion.~ This district oonteine one of tho most
remerkable groups of eprings in the United States. In addi-
tion to the scheol ppring at Tuba, furnishing 120,000 gol-
lons & day, there are the pprings eupplying Resorvoir Can-
yon, and the fringe of espringe along the bese of the oliff
overlooking the Little Colorado, snd the Mpenoopie, These
gsprings in eonneotion with the water from the Moenoopie
furnish an abundant supply not only for stock, dut for ex-
tongive irrigation: 4in fact, the water problem in the immodinte
vioinity of Tube ie one of oonserving the supply rether than
of inoreasing it. Studies made by Mx., Ritter ond reocorded
in the reports to ¥xr. Robineson dated April 5th end Hay 4th,
1908, show olearly that the importance of the springs is
realizeds That the best method of develomment ip olearly
mderstood 48 proven by the faot that although much of the
water at Moa Ave, Lyons Ranoh, and other & rings is wasted,
yet thoe emall eprings at The Farm hove been 80 developed as
to yield a maximum amount of water of fine quality,

In the region betwoen Tuba and Kavajo Canyon rock welle
100 to 200 feet in depth mipght recover the water stored 4n the

sondstone., Shallow wells, however, are not advieed, becszuse

uzzu
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for which feed im available, Upon the slopea of the
Carriso,narrow oanyons are occupied by permsnent stresms
and there is an opportunity here for the building of
relatively Inexpensive reservoirs from which wvmter mey
be led down for irrigation purpoeés. MOréaver, the rocoke
d4ip outwardly in all direoctions from the center of the
igneoua mass furnishing conditions favorable for Lflowing
welle. The rooks upturned in the Carfisos flatten out
eagtward and beocome a part of tho coel series in whioh
shale and sandgtones goour at different horizons, fur-
nishing the pervious and impoervious layers essentisl
for flowing wells, The great amphitheater included
between the Lukechulmi and Carrieo Mountaine is an erea
well worthy of careful investigntion. The present
springs aould be developed, and the water between al-
luvium and bed rook could be reolsimed in the washee
southwest, west and northwest of Red Rook store, and
algo in the region of oliff dwellings at the southesst
base 0f the Carrisos. There is here algo a chance for
deep rook wollss The dlp of the strata to the east at
an angle of two to ten degress is favoreble, tho coarpe
gendstone allowa the ready percolation of water and the
ghales and marls below the red sandstone prevent its
e80aDe,

The lower Chinlee between Canyon de Chelly and the
Uteh line is partly in a rook floored valley and pextly
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consiste of alluvium flats in whioh the valley atteins
8 depth of 30 to 100 feet. Inexpensive dams in the
1ittle ocanyons tributary to the maein wash may dbe oon-
gtructed for storage. Wells may be sunk to réck or to
pome-water-bearing bed nearer the surface, Such wells
within a mile of the main channel oould generally be
relied upon to furnieh emall permanent supplies, Deep
rock wells attaining a depth of 600 to 800 feet and
reaching through the spandgtones to the shales dip-

i ping eastward from Gypeum valley, would yield water and
might produce flowing wells.
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