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Albuquergue, ¥. ¥.

¥ovewbar 15, 1911,

¥r., H. ¥ Enbim&éﬁ,

funt. of Izrigation,

Albugquaraue, . ¥,

8irs

In puranance of your instructions to make a rsoomnal-
ssance for Aeoarvoir and Power Sites on the Wavalo and Moqul
Heservatlons, I stsried on Septesber 12, 1711, fLrom Gansdo,
Arizona, and in the forsy~-six &&ys following, eovered all the
territory showing any likelihood of such posuibllities. During

this

o

time, I covored eleven hundred miles in diatance, &r&vel*
ing ihrough sach of the five school diviaslans.

Power Fospibllitice,

Power rossibilities sre nil in the territory %hré&gﬁ
which I travelsd, thers belng no iiving siresme of sufficlent
maznituds to Justifly an iﬁﬁt&&l&tian. Tha faw apmall orssks
which rise in the nountainous repions lose themselves in the
sand refore going any graat distance and hance, neyer uniie to
fors a sirems of any vize.

o 1

Iryiﬂaiian Deyelo DEBNL .

;rriggii&m development in voasible in some few plsces,

1t beinp possible to ators the Tlo08 waters csrried by some of
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- the STTOYVos.
In examining such sites, 1 have kepi in mind: firsei,

the Fagﬁihili%y; gsacond, permanence; and 1ast bul not la&éﬁ,

the possible dbenefit to ihe Indlian.

Under Teasibility mipht vome Water Supply, storags

T

ganacity, Lend Available and aata leading to cost per sors

"

mhe Permmnence of & pro ept is of great jgmortance in
4 B

this seetion whers the floods carry such largs quantities of

-

apdiment in suscenslion, Dome washes appear 10 CBITY at least

%éﬁ of silt and whers there im evidence of any percentags of

£t

ovEY lﬁﬁ, 1 have invarisbly rajected the nroject.
Lastly, thers ara portions of the Repervations where the
soil is such as 1o rundey 1t difficuli o pake & COTOD sven wiih

i1l

ol
21

irrigation, and the nogeible penefit te tha Indlan farper
e small. These I have rejescied,

pn the recomnmissance, no aurveys were made other than
rough hand level measurements, and there 1$'&ikalihcad of the
storase capacity being slighily in eryor,

2aking all These into consideration, 1 will present the
projects I belisve to be wopth dsvelopment and tabulate the
data for ecomsideration ng 10 withdrawsl from entry and allot-
ment.

Q&&ﬁﬁifiﬂaiiﬁn;

T have for convenlience dividea the projects into three
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olanses as Tollowsas

Class L. Includes projects alrsady surveved and re-
ported favorably. H

gilsss 11, Includes sites which I would congider worthy
of ipmedinte further investlgatlion,

glasa 111, Includes sites having some vital defects,
wut which might be valuahle at some future
pariod,

glass 3 Projects.

{1} Chin Lss.

This project is located in the Ohin Les ¥alley st the
mouth of the Canon de Chelly and apout fifty miles northwest
of Port Defiance, as shown oD gheet 1 Gf arpendlx,

A reoport wes pade on this praject inm 1904, ané follow-
ing is & short abstract of the Baus.

The wnier supply iz 1o be é@riVﬁa from the Canon de
gnelly from which it is to bpe diverted by a submerged weir,
Brox here it is %o be conducted by ecanal 5000 feet Lo a mmall
masin on the south side mbove the Catholic Mission, whers a
gervice reservoir is lo be constructed. FTGﬁ-ﬁhiﬁ reseryolr,
thé distributing systen enrrivs the water directly 1o the land
to bhe served.

e ioial estimate om thia project was raported as
$20,600. and the &Creags served as 3000, glving us & Der sore
cost of $5.16,

the VWhiskey (resk neservoir reparied later will be in
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gonnection with this project, bul mersly in the form of an
addition, | h -
{2) Ganado Projsct,

This project lm lecated on the Rio Pueblo Colorado closs
Lo @gﬁaﬁa, Arizona, sg ghown on sheot 2 of appendlx, and was

reported Oclober 15th, 1510, I will give a short abstrsci of

that revord.

Thisg project consismis of & reservoir and disiributing

system taking waler from the flood flow of the Ris Puebhlo Colo-
rade, and using the stored waters to irrigale the fertile lands
along its banks below,

The water ip dlvsried hy means of o dan and shori cansl
to the reservoir basin wvhere 1t is impounded by mesns of an
sarth dyke 20 fest high and 1800 fest long.

The waler slored here is carried down the norih bank to
a point above the Pregpbylerian Misesion where i%"isﬂ%iﬁ@&d BOTroB8
the river and carried down the south bank to the lands served.

The total estimate on this project amounts to £00,100.,
or §$39. par acre served on a basis of 1775 acres under irri-
gation.

{3) Round Regk Projsct,

This project is situatsd on Carrisc Creek ahout 3% miles
due north of Chin Les, as shown on sheet 1 of eppendix, and waz
reported in 1904,

It consists of a diversion dam snd canal to carry the
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fload watsr of Carriso Creak onto the mesa dbeitween Carriso and
Agus Bal Cresks, no ﬁ%ﬁ”ﬁ'? veing posaible,

The dam site consiste of s reef of roeck projecting from
hoth banks and the form of t&a dam was raﬂayi@a B roc 811,
Prom the charactey of the resf and the gloss aﬁpra&ﬂﬁ,af the
ground water to the surfece, I believe thai a ﬁﬁ%*ﬁ%yfgge
harrizsy could be placed hers and 2 vermanent wster supnly ob-
tainsd. It might be advisable i2 sink & well in the sandy
botionm to deltermine the Fenslbility of thig plan of cutilng off
the underflow as such a course would mlso give o supply faf
atock vurposss which is badly nesded, I such a plan can b

sarried out, the walue of the projsct would be doudbled. It
is impossidble Lo give a dafinite estimate of the cgost of such
an addition, however, without further daia.

The graj&cﬁ Bs repartéﬁ, estimates §4,600, in total
cont 10 serve an area of 1500 acres, bringing the per acre
cost to &3, for flead‘irfigaﬁion only,

(4} ILeupp Project. |

Thia project, reportsd in Hovember 1508, consists of a
storage and canal system al the mouth of the San Francisco
wash near the Ieupp Indian Schosl,

As reported, ths waler supply will come from the San
Prancisco ¥ash and Canon Diable watersheds and will be flood
watlers entlrely, those ptroans being intermitient,

The watsr will be impounded in a large basin at the
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&s&tﬁ af the %aa& by means of & s&&hi&&ﬁian.&&& of conerete and
garth dykes, sugh és to glve & depth of 37 féa%_im the regsy-
yoir,

This spillway will be over the conorete portion of the
daw and is designed Yo carry the maximum flood and in sddition,
it is planned to leave one of the smaller dykes two fest low
in ar&ar that an overwhelaing fl@@ﬁyﬁgulé garry it awvay and
automaiically rslieve the ressrvoir.

The ouilet ap planned is through & btunnel, and the dis~
trivating system is of graviiy type, covering land on both sides
of ik&:rivaz.- ,

The estimated cost was given in the report as §282,800,

to reclainm 7384 acres, or a per acre cost of $35.39.

Class 11 Projects. Unsurveyed,
{1) Whiskey Creek Reservoir.,

This site 1is located op Whisksy Cresk, a swall perennial
, strean rising in the Choiska: @éﬁﬁt&iﬁﬁ apout ithirty miles north
of Port Defiance, snd forming the principal head of £he Canon
de Chelly, as shown on sheel Ho, 1 of appendix, Just befidre
-entering the canon, & tri§§§&r§ gomas in from the naﬁ%h pide,
forming & large b@@in'ﬁaiégmﬁaxxaﬂa an 1% agprosches the canon.

‘ The éatar”aupply’will be derived frm& the normal and

flood Tiow of ¥nigkey Creek, which has a drainage ares of ap~
proximately 125 squars milaa,yas shown on the Geologlesl ﬁﬁf?#?

¥aps, The walterghed 1s sieep and rooky, & condition which tends
S
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t0 give a maximum rpnoff with &.mini&g& of 8ilt carried in sua~
pension., I @ﬁtim@t@ the total runoff to be aboul é@,%&ﬂ Bexe
feet but this may be larger in wet yeara. |

The reservolr basin is such thet o dam 85 feet in height
would lzpound spproximatsely 35}&@@ acre feed., The basin sseme
%o have a continuous rock bhottom snd as the outlet ils through
solid r@ék walls, the seepsge will be muwall,

The most sconomiocal form of dam will be of a rock £111, %,
core~wall type or one of the gensral itype of the Zuni dem., In o .
pase of the former type, rock mey be quarried lmmedlately ad-
jacent to the dam sits and the expenss of breaking and putiing
in placs should naﬁlaxeﬁaé 85 cents per cublc yard.

A dam of the Zuni type %ill be less expensive sinee 1t
would he §§$5i%la to ab%&in water for hydraulle purposes at
small cost by gr&?iﬁy, The ubjection 1o this type Wsuiﬁ be the
aifficuliy in obtaining & bond between the sarih £ill and the
solid rock wall, _ : _ ' -

Whatever type of dam ghould be adopted would bes betler
determined afier s carsful survey and estinmate.

1 would advocate a funnsl outlst with doubls valv@s and
an open spillway through the solid raeck on the 5a$§h side of the
ecanon. The excavatasd material could all be used in the dam
without extra haul,

Plenty of good comcretis materisl is close atl hand bui

the long haul on the cement wiil mpke conorete an expensive
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Phe water stored in this basin will have to e used in

gonnection with the Chin Lee project and when ma&&aé,'ﬁaulﬁ.%a

turned directly into the Canon de Chelly and pleked up by the
projected weir above Chin Lec as suggested 1n repori of 1504 on
that project. I might be srgusd that there would be a large
geepags 1oss in the 18 milss run %h;aughlﬁﬁ@ canon but indica-
t+inons are that cnce the sand i $&t$r§%§é§ the only loss #ill be
by evaporation.

In the Chin ILee Valley, the amount of land ayailable
for irrigation 1= 11@1%&& only by the water supply. Falr orops
aES rﬁiﬁa& now in wot years but with an established waler supply
the Bavajes will be enabled to ralsze eome hay and small grain
ag wall as corn,

Below is mn estimate of Ithe probable coat of this ad-

dition to the Chin Ies Project Dan.

100,000 cu, yds. Rock @ §i. 100,000,
930 eu, yds. Qonecreie @ £1l5. 13,950,
375 1in. £t. Ouilet Junnel 2 §10. 5,750,

Yalves snd ?1%@23@3 3,000,

307 for Transportation, Enginsering

and Incidentals : J0s
| 156,900,
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Amount- of water stored 225,000 aore T,
Losses through sdepage, evaporation, ,

eto, 207 4,000 ¢ 0 ®
Available for &xri@aﬁiﬁn.aﬁ the land 20,000 % O *

by of waiter, 2 acre L. psr acre

gives us in land reclaimed 10,000 acres

2t a par cost of 815,69

Ada for additionsl distributing

gysten per acre 5,00
Tolal per acre 20,59

t:%} Baigihotzo Lake,

Fhis project iz siﬁa&t@ﬁ in the upper Chin Iee Valley
between Gansadd, A%iﬁﬁﬁ&¥ and the €hin Iss Eﬁﬁi&a School, and
about twenty-five miles north sf the Tormer placs, &s shown on
sheet 1 of appendix. |

Tt consists of a large natural laxe which the Indianp
have raised about twe feed Lo provide stock waler.

As I paw i1, therse were about 500 acres on the waler
gurface and by a 10 oot dyke st the lower end, the water could
be raisad & feel,

Pne water supply will éﬁ?ﬁﬁﬁ on Flond wailer enitirely,
there baing no living strems near., Ime to the flat nature of
the drasinage pasin, the runoff will not expsed l@“ of the pre-
cipitation, Bstimating on this bosis, with & 12 inch mean rain-
£all and 200 sg. miles watershed ares, wa will have & yearliy

ranoff of 155,000 acre ft, The topography of the valley would
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not indicate gver ons fourth of that runeff but it shows what

one may sxpsct.

Assuming that the most economical dam will raise the

water eight feed, we will have o storage capacity of approxi~

matsly 5,000 acrs Leet,

To maks this storage, two earih dykes are needed with
a wmximus height of 10 feet and a total lemgth of 2,000 feet,

The spillway @ill heve 4o be through & canal prefersbly

gn the wesid side of the dan,

The 211 of the valley is wo light that sbout & nmile of
diten will be necsssary beifore walter can be taken out for irri-

gation, ¥rom there down, however, there should be ne trouble

in petting the waler on the land,

Pollowing is asn apyroxismts estimste of the cost of the

projuci.

RBeservolr: Dep 10,000 cu. yds, sarth @ 20c¢.
Spillway canal |
Outlet works

‘bis%xiﬁuting Byatem: Fatimated
207 Bogineering and incidentals

gtorage cnpacity ascre feel
Sespace lﬂﬁéw 204 L n
Availakle at the land * ﬁ
Puty of watey 2 acre feel per acrs

Giving 2,000 acrss avallable for farming, at a cost per

2,000,
%00,
200,

10,000,
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acre of $57.50,

The land under this project is falr in quality and will
probably grow good corn cropa. Alfelfs snd smell grains @é@i&
probably be successful, but unless they are carsfully worked,
the corn would bhe far ths deiiter orop.

Phere is an izmenegs aves of gosd grasing land io b2 had
in the surrounding country, and a considerably larger population
gould be suppsrisd in the valley ware a.$$ﬁ§@&ﬁ% supply of water
agsursd, _ |
{%z)} ¥nite Cons Project.

Thip project is located on the Mogul Ressrvalion, in a
wide wash, 10 miles south of Jettyio Springs and 4 mile esst of
wnere the Keams Cenon-flolbrook road erosses sald wash, as per
shast 3 of appendix, )

It comsists of & lskas Dbed which is intermitiently £illed
with flood waters andiiscoftenidry.

The water supply will come fr &.ﬁhﬁvf&ﬂ@& runcff of a
basin with approximately 1850 zq. miles of Wgﬁarﬁhﬁd arass shown
by the maps of the U, §. Geocloglcal SBurvey.  On account of the
f1at nature of tne watershed, the runoff will be light and
should not excasd 107 of the pxﬁc&§i@§tiaﬁg ¥stimating on this
b&a}s with 8 12 ineh mean rainfall, ws will have an snnual Tun~
off of 10,000 acre feat.

An earth dyks 1500 Test long and 20 fest high shouldd

gtore approximately 4000 scre fset, and hence, with the large

I
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runoff could probebly ba filled twice during the season, In

this estimate we will figure on ons Filling omly.

wollowing is estimstesd costl

Reservoir: Dam 3%,000 cu, yds. esrih £i11 @ 20¢. ?,Qﬁé,
gpilivay | 500,
Outiet and controel 200,
Distribubing System:  Estimated 5,000,

%04 TPransportation, Bngineering

snd Incidenials

16,500,

There is en immense area of good farming land immﬁdia&&~
1y balow the dam site and the mmount put under cultivation iz
d@ﬁ@ﬂﬁéﬁ% only on the watar supply.

Amsuning a duty of water of 2 acre feoi per more which
will be smmple in the dryest years for corp and spall graling, we

"will hawe an ares of 2000 aeres availsble for settlement. The
poil here is sugh that 10 acres will support a family and hence,
wa could suppert 200 families at an au%iéy ﬁf_%&&,ﬁs per fanily
or $2.25 per sore. o

The Tndisns in this vicinity depend on sheep raising
for a livelihood, and ihis @rajﬁaa'%iii,aﬁiy to pul t&&m‘in
petter ciroumetances., There is no permanent water within 10
miles in any direction so ihis development will also help the
stoek indusiry and open graaing lands not mueh used now, There

" are large corn-fields 1% milen below this site which testify
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that the Bavajo will farm whers possible and with an assured
water supply I belisve & large snough colony could be gathered
to make a day school possible. |
{4) Beekishidbito Springs Project,

This projsct is locatsd in the Xliee This wvalley in ithe
northeast corner éf the present ¥equi Reservation, and is shown

on ghest Yo, 4 of appendix.

L]

he nearssi school is at Tuba, 40 miles to the south-
west, although the territory is nominmlly under the chargs of
the suyafintandﬁné at Xeams Canon. The soll is good and the
project has no dravbacks excent its inaccesslibility.

The water pupply will depend entirely on flood runcif,
the &faiﬂag%'basiﬂ.haviﬁg an area of 100 ag. plles as shown by
the Geologiesl Survey maps.  The watershed is flat and the
runoff will not exceed 107, or a runoff of 6400 acrs feet for
a 12 inch rainfall., The sediment oarried is neglipgivle,

The reservolr will ﬁﬁ situnted at a lske 4 nliles ug.%hﬁ
valley from the Beckishibite Springs, A égéz earth daw here,
600 iﬂet_long on top should store approzimately 3000 acre feetl.
With the smount of runoff in the wvalley, the basin could be
filled twice but we will estimate on one £illing only.

Pollowing is estimated cost of project:

Reservoir: Dam 20,000 cu, yds, esarth £ill @ 20e, 4,000,
Spillzay 500,
Quitlet and Control 200.
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Distributing Bysiem: Estimated 4,000,
30 Transporation, Enginsering
end Incidentals - 2,600,
| 11,300,
The x&ﬁgx?air would servelsDO &mra%*in ary years, making
the cost per acre sbout §7.55. This is a very roasonable first
cost and there is no danger of £111ing the basin with sediment.
he Indians tried to develop this site themselves for
stock purnosas dbul not having vrovided a spillway, thelr dam
was washed away. |

gless 111 Projects.

{1} Zuni Porest Project.

This site is locslsd on the southern~most of ths tweo
roads from Bit. ¥ichaels to Ganado, Arisona, and iles in & small
hasin 10 miles weat of the former place,

It consists of a small h&&ia’almaﬁﬁ closed at the lower
end by rock walls,

A 30 foot dam of sarth £i11, core~wall type, will im-
pound pnséibly 4000 sere foel, The daxm would be 100 feet long
on the bottom and 300 feel on top,

The arainage basin is very small but there is a small
underflow and the indications point to a high runoff.

gonsiderable 511t is carried by the floods and would
probably impsir the usefulness of %the reservoir, ?ﬁia taken
together with the cost of the distributing system spoils the

. project.
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The lands which gould be irf&ga@&é from this project
1is inside the Zuni FWatlonal Forest bul the enly growih is &
- serub pine unfit for commercial purposes.

{2} 8t. ¥ichaels Praoject,

This project i looated 3 miles sbave 8t, Michaels,
Arizona, on the road to Fort Defiance and consists of & natural
lake which by the ersction of a dyke 14 Tesi high and 1800 feset
long, could be mads to siore probably 3000 acre fest of watler.

The water supply will be Blaoeck Ureek, a sireawm rising
in the Choliska Mountaing, and which csrries lrmense floods after
tha heavy rains prevaient during the swmwer months, About 750
feot of 4iteh will be required ito get the woter into the reser-
voir and sxpensive hesdworks will be necessary to control the
inteke. |

The land to which water can be applied is limited only
by the supply and the guality of the soll is nol %o Dbe excelled,

The cost of this project, topgsiher wiﬁk the possibility
of raising corn by dry Tarming methods mekes the present con-
siruction impraciicabhle,

{3} BPlack Cresk Projesct.

This project i3 located in a large basin on the west
side of Black COresk mbout ¥ miles above Port Defiance. The
water supply would come from Black Cresk and a mile of ditch
with erxpansive hﬁ&dwarkﬁ will be regulired to gel the wailsr into

the resaevoir. The dasm will be 1500 feet long and a maximunm
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of 20 feet in haighd with o atorapge capacity of 2000 acre feel,
There iz an abundance of good land to reclslm but the cost of
this mekes lmmediste development undesirable, \
{4) Tsmlec Project,

Tnie project is located on the Tsales Creek, a persnnial
strean coming from the Tunitcha Mouniains, about 45 niles north
of Fort, Defisnce, Its normal flow seems to be close to 3
sscond fest and this running inte the Canon del iuerio Loses
itseld in the sand.

At the crossing of the ¥i. Deflsnce-Hound Rocx road over
fsales (reek, o reel of rock crops out f%?ming & canon aboul 50
fest deep which can be closed with o dam of the rock i1l iype
snd about 2000 scre fest of water impounded. The Tsalss Craek

hap a very stesp and rocky drainsge basin which has & large
e .

- 2

runoff after the heavy reins but even o, the silt garried dosesg

not sesm expesnalvs, ?hé water impoundsd could be elther ussd
on the Chin Ige Project or diverted for uss on lands closer to
the Reservolr, In the latier case, an expsnsive distributing
oysten will be required, and it 1s this which, in ny judgment
will render the projecit uselass, I would suggest further in-
vestization of this site, howsver, for the soll of the lund
along the north sids of the fanon del Muerdo is wvery good.

These fow sitos sssm o be the only ones of any walue
on ths Havalo and Hopl Hessryatlons.

There are nugerous nlsces where one could put is o dan?
but such features as heavy silt content in the water, or in-
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sufficient water supply, or other causes Xender them unworthy of
consideration.

In some places too, the Indlans wmight puild small em=

pankments for themselves, and ators enough water for one irri-
gation of 20 io 40 ﬁer%a, fuch works, howsver, could never
he ysrman&n&, and would not Jusiify supsyrvision.

T velisve the foregoing projsois conitaln everything of
any valus and subsit ﬁﬁ&& for your considerstion.

Yourg respectiully,

Assisfant Bngineer,
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Projeot

Chin Isse
Ganadoe

Bound Hock
Teupy

¥higkey COresk
RPalgihotao 3&&@
¥hite Cone
Becklahipite
Zuni Porest
g  Michasls
Black Craeek

Paales Crask

Kind

Class

Ulass .

{lass

Class

Clasn

0ilass

13

113
111
111
11l

SUMMARY .

Btorage
aore T,

* * * W *

1050

Land
seived

3000
1778
1500
7354
10000
2000
1000
1500
2000
1500
1000
1500

* *

Lost

§20.600,
60,100.
4,600,
2E2.800
206.900.
15.009,
16,500,
11,300,
25.000,
15,000,
22,000

A 4 ® & ¥ @ &

Cost
ner asre

» * L *

8.25
7.55

12.50

22 «

ng satimetes without

BRTTEVE .

LIS BT B ] * LI

»

®

* * » *
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