




DEPARTMENT OF THE INTERIOR 

UNITED STA.TES l NDl A N  IRRiGATlON SERVICE 

SUPERINTENDENT OF IRRIGATION 

Albuquerque N. >A,,  February 9, 1918, 

. 3 .  f;:. Reed, 

Chief E n g i n e e r ,  

WASf?I MGTOM. 

:?g dear Xr, Reed: 

Complying with your. request of 

January  25th, 1918, I am herewith t r a n m i t t i n g  

a h i s t d r y  of the underground water development 

on t,hs !&va j o  and Hopi R e s e r v a t i o n s ,  Arizona and 

he:. Fiexico. 

I ~ o u l d  refer ~ o u  to my p r o j e c t  histories 

Val. 3,  ma t o  the Annual Repor t s  submitted t o  

you for t h e  y e a r s  1912 t o  1917, bo th  i n c l u s i v e  

f o r  a d d i t i o n a l  information and o t h e r  I l l u s t r a -  

tions r e ~ a r d l n g  t h i s  work. 

Very r e s p e c t f u l l y ,  

Superintendent  o f  ~ r r i a ~ p d i o n .  



A RELL I:I THE DESERT. 

A typlonl  well in the HavaJo Country. 



p r e s e n t  e l m e .  R e  geologic and archeologic eviS 

dencQ alike indicate t h a t  it has been m i d  f o r  

thousands of years, and the geographica l  p o s i t i o n ,  
'. 

t opograph ica l  surroundings and climatic h i s t o r y  

i n d i c a t e s  t h a t  a r i c l i t y  will cont inue.  The d e f i -  

c i e n t  rainfall and its unfavorable,distsibut1on 
. , , ' . ..:. . 

through the year ;  extens ive  d r i f t i n g  sands, a 
. . 

topography of canyon, mesa and ar royo;  drying 

winds; ane t h e  e l e v a t i o n  above the s e a  d e t e r -  

mines f o r  this  r e g i o n  an u n s a t i s f a c t o r y  water 

s u p p l y  

The greater  part of t h i s  reg ion  Zs of a  

c h a r a c t e r  on which the  average white man would 

be unable t o  more than e x i s t ,  a l though the  Indian 

popula t ion  from genera t ions  of l i v i n g  here, man- 

ages  not only t o  make a preca r ious  l i v i n g ,  b u t  i n  

many ins tances  what would be considered a  compe- 

tency by the  whi te  man. 
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While t h e  r a i n f a l l  i s  very s c s n t g  it i s  s t i l l  

uf f i c i e n t  t o  b r i n g  t o  m a t u r i t y  grass and other 

ege t a t i o n  i n  most p a r t s  of t h i s  country,  forming 

ood g raz lng  a t  some p a r t s  .of the yea;*. 

Notwithstanding the f a o t  t h a t  t h e  feed con- 

i t i o n s  are f a i r  f o r  grazing,  the s i z e  of the f l o c k s  

and herds of the Indians have been limited here to -  

f o r e  from t h e  faat that the water supply has been 

i n s u f f i c i e n t  and the re  are g r e a t  t r a c t s  of land 

where no s u r f t c e  water e x i a t s ,  o t h e r  than  an occa-  

sional small  s p r i n g  o r  seep or i n  temporaw water  

h o l e s  fo l lowing storms. In o ther  words, the l i m -  
'-.. 

it of the size of the  f l o c k s  add h e r d s  i s  s e t  by 

the exis tence  or non-existence of  a water supply, 

not  by the feed,  

It i s  t r u e  t h a t  t h e  g r r z i n g  i s  not l i k e  that 

of a wet c l i m a t e ,  and t h a t  it takes  from s i x  t o  

I t en  acres  t o  k e e p  a  sheep  o r  a goa t  through the  
I year .and pe rhaps  twenty o r  more for a  cow, but 

the fac t  remains  t h a t  with t h e  poor feed and the 

s c a n t y  w a t e r  t h e r e  a r e  s e v e r a l  m i l l i o n  sheep on  

this r e s e r v a t i o n ,  and by t h e  proper  development 

of t h e  w a t e r  t w o  or t h r e e  t imes  t h i s  number can 

I Iiecognizing these  f a c t s ,  the Indian Service 

h a s  been endeavoring f o r  some y e a r s  to  i n c r e a s e  

I t h e  wuter supply of t h e s e  r e s e r v a t i o n s  b o t h  by 

we1 l d r i l l i n g  and spring improvement, bo th  bring- 



. . 
In  c o n s i d e r i n g  the development o f  wate r  i n  

new p l a c e s  it must be  b o r n e  i n  mind that t o o  

g r e a t  a q u a n t i t y  of  wate r  a t  any one p l a c e  when 

a ;I t h e r e  i s  a s c a r c i t y  a t  others w i l l  have a ten- 

I dency t o  c a u s e  t h a t . ,  pa r t  of the range t o  be  

'1 over  s t o c k e d  and as a t  n o  p l a c e  i s  the g r a s s  

1 and n a t u r a l  f e e d  very  l uxu r ious  more harm t h a n  

1 good may be done, by the  ove rg raz ing  and  the 

1 trampling out of the  g r a s s  by t h e  s t o c k .  

I In t h i s  connec t ion  it may be p e r t i n e n t  

t o  t h e  s u b j e c t  t o  quote  f r o m  D u l l e t i n  No. 588 I 
of the  Department of A g r i c u l t u r e  on "southwes t -  

ern ranges t t  under  t h e  head  of "Water Develop- 

ment. 11 

TI The impor tance  of a wel l -planned w a t e r  
supp ly  f o r  c a t t l e  ranges  of the Southwest  c a n  
h a r d l y  b e  over-emphasized. :\here water ing  
p l a c e s  a r e  f r o m  6 t o  15 m i l e s  apar t ,  the r a n g e  
h e a r  w a t e r  i s  overgrazed a h d  denuded, whiae t h a t  
away from water i o  ~ n d e r g r a ~ z e d .  Loss frlom s t a r -  
v a t i o n  i n c r e a s e  as  t h e  distance f r o m  EBed a n d  1 w a t e r  i n c r e a s e s ,  a n d  under such  condition^^ the 



An area of over 40 square miles 
i s  often t r i b u t a r y  t o  a well and 
windmill i n  t h e  Nava jo  Country.  



f grass i n t o  meat i s  generally inef-  
-2 Obe~l?vations -:r z:- -3 indicate  

od u t i l i z a t i o n  of pla ins  and mesa 
rangecan be secured when the stock do not have 

1 more than 2$ miles t o  ~ a t e r .  This 
would mean permanent watering places 5 miles 
apar t ,  o r  one t o  approximately 13,200 acres. 

A s  distance& between places increases 
above 5 miles, '  grazing becomes perceptibly un- 
even; with a varying degree of overgrazing 

d undergrazing beyond 26  miles 

I Stock ra i s ing ,  especial ly  the r a i s ing  of 

sheep, on these reservations has proven the  s a l -  

1 vat lon of the  Indians.  They are n a k r a l  herds- 

f men and f o r  a number of years t h e i r  f locks have 

f increased t o  about the  m a x i m  t h a t  the na tura l  

.ti water would supply, although the l i m i t  of grazing 

.i has not near ly  been reached. The natural  in-  

crease of the f locks would reach a maximum point ,  

then the re  would be a season of drouth and the 

mortal i ty  would be very great ,  reducing the 

f locks t o  tha t  number tha t  could e x i s t  on the water 

supply 

It i s  several  years since this work com- 

menced, and over extensive areas the  developed 

water i s  the only means of keeping many flocks 

of sheep and a considerable population. C u t  

off t h i s  supply  now and it  would mean the  l o s s  

of many f locks  and the ruination of many se l f  - 
supporting families.  

In the Hopi country it  has been the endeavor 

t h e  Indian Office t o  bring the people down f r o m  

I ,_, ,  .. . ,- - . .... 
. I  . .  , 

. . . .  - ,  

I!. . 
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WELL RIG No. 1, and Camp. 





'/ELL R$G No. 3 .  Cook house 
on wagon.  



d r i l l e d ,  reaching a depth of 1308 f e e t  without 

sscur ing any water  o t h e r  t h a n  a l i t t l e  su r face  

f l o w  and a f t e r  submi t t ing  t h e  l o g  of the  w e l l  

w i t h  samples of material encountered t o  the geol -  

ogists it was decided by them that it was prob- 

a b l e  that water cou ld  n o t  be found here,  and con- 

sequen t ly  i n  no p a r t  of t h e  Hopi r e s e r v a t i o n  nor  

of' the Navajo r e s e r v a t i o n  south of t h e  Black 

Yountaln, s o  while t h e  r e s u l t s  were nega t ive ,  they 

rv?re of cons iderable  value. 

This Rig (known a s  No. l ) ,  was then moved t o  

a p o i n t  i n  t h e  Choiska Valley,  New Yexico, about  

25 mi les  n o r t h  of Gallup and 15 e a s t  of Tohatchi ,  

.?nu here the p r e d i c t i o n s  were v e r i f i e d  by t h e  s t r i k -  

ing of a r t e s i an  wa te r  a t  1000 f e e t .  The ~ $ 1 1  was 

continued another  108 f e e t  and a f lorn of 6500 g a l -  



WELL RIG No. 4 .  



Over a year was spent  on th i s  well owlng t o  

i f f  i c u l t i e s  encountered; f i r s t  large beds of 

i r e  c l a y ,  which would ne i the r  d r i l l  nor  ba l e  out 

i t h  the sand b a l e r ,  and which was f i n a l l y  con- 

uered by hauling in sand, dumplng it i n  with the 

lag u n t i l  i t  was of a consistency : , .. t ha t  was im$k-., . , .., . .' 

. . . . . . . . . . .  . . . , ,  . . ,  
.,.:t>-, 

L . .  : . . . .  ..+'. . 

l e  ; second, .:some'. extreme . . .  lg hard  rock was en-.? . .,..,.. ::.;!, 
.. .,- ,,,a,. . . .  3 ,.y.:,;&;'. . '. 

countered,  so hard in;f act': t h a t  , in ,&e  . . ~ f ' : ~ ~ ; . : : . .  . . . . . . . . .  
. , .  - 7  :.- ,( .: ,* . : : ' * .  , . ._  1 , , .- ; < , '  . ' 

cons tan t  d r i l l i n g , ,  on ly  two f&tnas 'made .  . . . . , :  . . . . . . . . . .  . We;;.:: . , +, .. . .  ' 

_.  ." 
. . 

were also handicapped by bad ,water fo r  d r i l l i n g  . 
l... ' t ,  

and camp purposes, and the  f a c f ' t h a t  the bes t  

water found was of such nature  that  it was very 

bad f o r  b o i l e r  use, and n o t  n month went by t h a t  

i t  was no t  necessary t o  N O F ~  over the b o i l e r s  and 

p u t  i n  new f l u e s  o r  make o the r  r epa i r s  t o  i t .  

A s  already s t a t e d ,  i n  s p i t e  of t h e  d i f f i c u l t i e s  

encountered the well  was a success,  i n  t h a t  it 

demonstrated t h a t  a r t e s i a n  water was t o  be found 

i n  Choiska Valley.  

The well was f i n i shed  by capping i t ,  plnc- 

i f ig n v a l v e  t o  con t ro l  the  f l o w ,  and bu i ld ing  a 

corrugated i r o n  house t o  p r o t e c t  the  wellkrom 

molestation. A smal l  constant  flow was allowed .. 

t o  run f o r  s tock  water.  

The r i g  was moverl t o  va r ious  points  nor th  

and e a s t  of t h i s  w e l l ,  going down the v a l l e y ,  and 



The flow of an Artesian Well. 
(Well No. 115). 



seven good a ~ t e s i a n  wells have been developed 

t h e r e  a t  depths varyinu from 205 ko 500 f e e t ,  

showing t h a t  the dip  of  t h e  coun t ry  i s  such t h a t  

succsssfql wel l s  may be developed a t  less  depth 

and a t  v e r y  much less cost than  t h e  first one. 

In the meantime o t h e r  d r i l l i n g  was inaugu- 

r a t e d  and what i s  known asRig No. 2 was buf . l t  o f  

scyap8 and e x t r a  p a r t s  of Rig No. 1, and during 

t h e  season of 1912-13 i t  was s u c c e s s f u l l y  oper- 

ated d r l l l l n g  wells i n  t h e  Hopi country.  A t  t h e  

end of 1913 t h e  r i g  was i n  such bad shape t h a t  it 

was not  considered w o r t h  u s i n g  f o r  d r i l l i n g ,  b u t  

d u r i n g  1915 i t  was used a p a r t  o f  the  y e a r  i n  

d o l n g  son? r e ? a i r  work. By the end o f  tbis y e a r  

i t  was entirely worn o u t ' a n d  of n o  value. The 

sliccegs of the f i r s t  wells p u t  down, and t h e  bene- 

fits a c c r u i n g  t o  the  Indlans was s o  manifes t  t h a t  

m n c p  was author ized  f o r  two o t h e r  rigs, numbers 

3 n n d  4 ,  which were b u i l t  dur ing  the sumiier of 

1912,  and b o t h  rigs havc been operated ccn3tclntl;t 

s lnce  t n a t  tlme u n t i l  Sc?tember 1917, when because 

of  l a c k  of fundo one of ',horn was l o i d  up.  To June 

30, 1 9 1 7 ,  22G ho l e s  havc bctn d r i l l e d  I n  t h e  Nnvajo- 

:!opt country,  of whlch 112 a r c  d ~ o d  wcllr, and i n  

working o:*dcr todny,  Nine o f  t h o ~ o  wollo nro a r -  

t n s l n n  f lorrlrig vroll!~ whlch nccrl no f u r t h e r  n t t c r l -  

t l o n  ur : ~ ~ a t n t c ? n n n c c .  



W L l ,  A81, 31 ND?,?I LL. 
F l r o i  development,  w:lter stored 
i n  hole  excavated in t h e  ground. 



All of the w e l l s  o t h e r  than the a r t e s i a n  have 

been equipped wl th  a windmill e i t h e r  eight o r  ten 

f e e t  i n  diameter on a t h i r t y  f o o t  tower, and a 

b r a s s  deep well cylinder. Each well is equipped 

with a tank to hold the water a8 It is pumped and 

a string of troughs for the use  of the stock. 

When we f i r s t  comnenced this development a 

number of tanks  were built of masonry d o t h e r s  

o f  concre te ,  it being thought that we could u t i -  

l i z e  the m t e r i a l  near a t  hand and get  a good tank 

cheaper than i n  any o t h e r  manner. P r a c t i c a l l y  a l l  
I 

o f  t h e  s t o n e  i n  t h i s  section of t h e  coun t ry ,  how- 

evel-,  i s  a s o f t  sa r lds tone ,  and t h e r e  i s  a lmos t  an  

e n t i r e  absence of any g rave l .  I t  was found t h a t  

b o t h  t h e  sandstone and concrete  made of the b e s t  

i i ls ter ia l  t h a t  could be found were porous, would 

absorb w a t e r ,  and a s  soon as the c o l d  weather 

c a m  the moisture i n  t h e  walls tnbuld f r e e z e  and 

the  walls would be cracked and broken s o  t h a t  by 

s p r i n g  t h e y  were a l m o s t  va lue less  t o  h o l d  water. 

S e v e r a l  of t h e  tanks  were rebullt s ~ : d  the  g r e a t -  

e s t  c a r e  t aken  i n  t h e i r  construction, but  t h e  same 

f n t e  b e f e l l  them a l l .  I t  was t h e n  decided t o  put 

I n  c l r c u l a r  s t e e l  tanks  and t h e  s i ze  seven f e e t  

In tilnrnztelr a n d  eight, f e e t  h igh  w i t h  a c u p ~ l c i t y  of 

: i b ~ u t  2300 g a l l o n s  w n o  s e l e c t e d ,  nntf t h e y  have been 

NNO 1, 



X n d m i l l  with Stone Tank. 







F l n a l  phase of  development . 
YiIND!.5 LL i iND S'TEZL *T:,XK, 2300 

~ c t l l o n s  capacity, 





W V . i  JO !?/OYZTJ b r ing ing  in f l o c k s  
of shhep t o  water  a t  an artesian 
well be fo re  it is conp le t ed .  



of wells operated from Chin Lee neces s i t a t e s  a 

t r i p  of over 500 miles t o  v i s i t  them a l l ,  and the  

o the r  one over 350, and the l a t t e r  l i n e  i s  i n -  

creas ing all the time by the  operat ions of t h e  

wel l  r i g  i n  t h a t  sec t ion .  Every wel l  i s  v i s i t e d  

a t  Beast once a month and of tener  i f  necessary, 

and should a well  ge t  out  o f '  order  one .of the 

Indians dependent upon t h i s  water for his  flock 

i s  sure t o  r i d e  into headquarters,  whether it ' . 
be a few miles o r  a hundred, with the  news, and 

a spec i a l  t r i p  i s  made out to f i x  t he  well.  A 
'. 

r e p o r t  ca rd  i s  made out  f o r  each visit t o  every 

wel l  and sent  i n  t o  th is  o f f i c e  a t  t he  end of t h e  

month and a check i s  kept  on t h i s  wcrk. 

The operat ion and maintenance and general 

supervis ion of t he  well  d r i l l i n g  i s  under a 

foreman s ta t ioned  a t  Folacca, krlzona,  who also 

has charge of the  o ther  water development on 

t h e s s  rese rva t ions .  The well r i g  crews put 

down t h e  wells end e r e c t  t h e  windmills, while 

another  o u t f i t  under Foreman Komack se t s  up the  

tanks ,  puts i n  the t roughs and attends t he re -  

a f t e r  t o  the opera t ion and maintenance . 
A de ta i l ed  l i s t  of every  ho le  t ha t  has been 

d r i l l e d ,  showing its locat ion,  s i z e ,  depth, equip- 



Sheep  drinlclng frbom t h e  f low 
of  unconplated artesian wel l .  



ment, flow of watsr i f  go'od we l l ,  e t c . ,  has been 

prepared and i s  a t t a c h e d  t o  t h i s  r e p o r t  i n  order  

t h a t  full d e t a i l s  may be had i f  desired. 

SPRING DEVELOPILEXT 

Most o f  the  s p r i n g  development has  been with- 

i n  t h e  b o r d e r s  of t h e  Moqui Reservat ion,  but it 

must be understood t h a t  t h i s  r e s e r v a t i o n  is occu- 

p i e d  .by both  the Hopi and Navajo Indians  and i s  

the most arid p a r t  of the country occupied by 

these Indians. 

There have been found and l i s t e d  eighty-one 

s p r i n g s  in th is  s e c t i o n ,  and a complete d e t a i l e d  

l i s t  showing t h e  l o c a t i o n  and s i z e o f  each of 

these springs as w e l l  as t h e  work done i n  improv- 

ing and developing them w i l l  be found a t t a c h e d  t o  

the annual r e p o r t  o f  this d i s t r i c t  f o r  1917. 

Of t hese  eighty-one s p r i n g s  seventeen a r e  

r e p o r t e d  as  seeps t o o  s n a l l  t o  be developed. 

An a d d i t i o n a l  nunber of springs are  found along 

t h e  banks of the Xoencopi Kash, and as t h e i r  

u n i t e d  flow i s  s u f f i c i e n t  t o  keep t h e  wash running 

a small stream of water ,  i t  i s  no t  thoueht worth 

whi le  t o  develop them a t  t h e  p resen t  time, i n a s -  

much as t h a t  s e c t i o n  of the  r e s e r v a t i o n  has  v c r y  

l i t t l e  p a s s  and very  few i n h a b i t a n t s .  



LCCI~TI  GI1 Cr" 'rPE TO!? ?VA SI'?'\Im:C 
and Ljay School ,  



Of t he  remainder,  t h i r t y - s i x  have been devel- 

Oped. Some have only  needed a l i t t l e  work b u t  

a number have needed coneiderable  I n  order t o  

develop them, e s p e c i a l l y  those  ly ing  nea r  th9 

Hopi v i l l a g e s .  

To a person l i v i n g  i n  a country ahr  re t h e r e  

i s  s u f f i c i e n t  water the va lue  of even a very lit- 

t l e  water  i n  a deser t ,  country is not  understood. 

A t r i c k l e  of a few g a l l o n s  an hour must o f t e n  be 

s u f f i c i e n t  f o r  a number of f a d l i e s  f o r  t h e i r  do- 

mest ic  use and t h e i r  s tock ,  as f o r  Ins tance ,  i n  

the  country l y i n g  n o r t h  of ~ e a n i s  Canon and south 

of t h e  Black Mesa t h e r e  i s  a popu la t ion  of f i f t y  

families, each  with t h e i r  f l o c k s  of sheep and 

some horses .  They occupy an a r e a  o f  about s i x  

hundred square  mi les  and t h e r e  a re  b u t  a h a l f  

dozen sp r ings  i n  t h i s  whole d i s t r i c t ,  the  largest ,  

of which f lows only  twelve g a l l o n s  an  hour. Some 

of t h e s e  s p r i n g s  have been improved and we have 

put down n number of  we l l s  i n  t h i s  s e c t i o n  and 

have improved the cond i t ion  of the people ve ry  

m a t e r i a l l y .  

Spring developrnent work, e s p e c i a l l y  around 

the mesas of the I?opi Ind ians ,  has been of i n e s -  

t imable va lue  t o  t he  Indians b o t h  far t h e i r  dones- 

t i c  s u p p l y  ~ n d  f o r  the  s t o c k .  At each of t h e  



The TORZVA SF?I?C WFLS a b r e z d i n g  
p l a c e  of d i sease ,  f u l l  of f i l t h ,  
u s e d  a s  a cotnnon d r i n k i n g  and 
b a t h i n g  p l a c e  by rnnn and b r u t e .  



v i l l a g e s  the  s n t i r e  water supp ly  has come from 

one or two sy ings which have been used from time 

immemorial, and during this  e n t i r e  pe r iod  have prob- 

a b l y  never  been thoroughly cleaned out. The resu l t /  

has been t h a t  there was a vast accumulation of f i l t h  

i n  the  s p r i n g s  which not  on ly  dininishe4 the water 

supply by sedimenting up t h e  o u t l e t  f o r  the  water, 

but the; . . amount of f i l l t h  made t h e .  water almost! li- 
,:: ,. . . . 

.. 'T - , : , 

qu id  '.poiaon;.y: , . . . &d o n l y  a person enured t o  i ts ,  use 
'. ..;. .. . . . . !. . . . .  . . 

by h&.&d.ltg"&d . . ...,. &stom c o u l d  poss ib ly  have used 
I . ' . ', . . . . 

i t  and lived. . . ., 
. . 

A t  t h e  F i r s t  Mesa b e f o r e  t h e  p r i n c i p a l  s p r i n g s  

were cleaned o u t  and put i n  shape t h e r e  was an e p i -  

demic of some e n t e r i c  t r o u b l e  i n  t h e  v i l l a g e s  whibh 

caused t h e  dea th  o f  s i x t y  people out of a popu la t ion  

o f  s i x  hundred, and t h e  government phys ic ian  s t a t e d  

t h a t  it was h i s  opin ion  t h a t  t h e  e n t i r e  t r o u b l e  lay  

with t h e  water  supply. Since t h e  spr ings  have 

been put i n  good shape t h e r e  has  been no more t r o u -  

b l e  of t h i s  k ind .  

When the  water development work was f i r s t  com- 

menced it met with pass ive ,  i f  not  a c t i v e ,  opposi-  

t i o n  on t h e  p a r t  o f  the  Indian .  They thought  

that t h e  development of t h e  water by well d r i l l -  

ing was t he  f i r s t  s t e p  of t h e  white man t o  g e t  



Covered with  a thick scum the 
water was unfit f o r  any use 

b u t  was t he  sole water sup- 
p l y  f o r  a whole v i l l a g e .  



TOfiEVi: Sp?T?JC,, as it xas 
The v:oxen o f  the vh i l age  c a r r i e d  the 
wzter f r o a  the spr ing  t o  the  t o p  of 

t h e  mesa. 







TOREVA S P R I W  as improved. 
The na ln  s p r i n g  i s  i n  t h e  room entered 
by the door,  The overflow comes thro 
t h e  notch  i n  f r o n t  of the door and f i l l s  
the pool below which can be used f o r  any 
purpose without contaminating the  v:ater 
i n  the  s p r i n g ,  



of the  

most of 

springs w i l l  be  typ icu l  of t he  work done a t  

them and  ill give a good idea of the  work 

necessary t o  make the most of t he  small amount of 

water  found i n  t h i s  region.  

The large spr ing  a t  Mischongnovi a t  tile sec-  

ond mesa i s  a t  t h e  Toreva Day School, and was breed- 

i n g  p lace 'o f  s ickness,  being f u l l  of f i l t h  and used 

a s  a common drinking p lace  by 'man and b'mte and as 

a bathing place by thech i ld ren  , d.og8 and' bur?os. 

This was cleaned out and put l n  s an i t a ry  shape as 

may be  seen by some o f  t h e  accompanying "before 

and k f t e r "  photographs. ' The water came out of 

the  ground under the  l a r g e  boulder, which lnna 

b l a s t e d  away, and the o u t l e t  located.  This was 

then developed and al l! lbf: . ' the x a t e r  $ame out  i n  

an underground room where i t  could be kept away 

f r o m  the  animals and f a i 2 l y  well protected from 

f l y i n g  dust  and d i r t ,  The o v e r f l o ~  was l ed  t o  

the old pool on the  ou ts ide  which zan now be used 

f o r  ba th ing  or any o the r  purpose without d e f i l i n g  

the  water i n  t he  spr ing  proper. 

The two main spidngs a t  the F i r s t  Yesa are  

Toveski Spring on the vrest side and I s h p i  Spring 

on the  eas t  s ide  of the mesa. Both springs were 

thoroughly cleaned out and walled up, with a P l igh t  



A t  a l l  of the Bopi v i l l ages  the 
w3;nen carry t he  v;ater from the 
s?rinzs t o  t h e  t o p  o f  the mssa, 
o f t e n  a distance of n : n i l e  and 
a c l i n b  of  600 f3e.t. 



the supply waa so scan t  t h a t  the women would s i t  

around the sprlng waiting Pix- t b e  water t o  seep 

i n ,  t h a t  they might d i p  it up with a cup o r  gourd 

and it would often be horns befoile they would ge t  

a load. Since belng put in shape there has a l -  

Nays been an abundant supply and the amount 

store6 which accumulates over night  w i l l  almost 

supply the  v i l l a g e  during the  day, 

I n  another c l a s s  i s  the  Burro Springs, ~ i h i c h  

l i e s  about e ight  miles south of the  Becond Mesa 

near what i s  known as t h e  Giant's Chair. There 

has been a considerable area of wet and boggy 

land here t h a t  has  proven a v e r i t a b l e  death  t rap  

for animals. A t  the  most promising point  there  

was always a pool of s tand ing  water. Here an 



TE.7 CAY SCKOOL AT I,.P.CIFA 
Second ?less. 

The spr ing  is by t h e  nan and 
troughs f o r  s t o c k  shown a t  the 
l e f t .  k v i l l a g e  i s  on t o p  of 

t h e  b l u f f .  



excavat ion was made, and a f a i r l y  good flow of 

water  was uncovered. The excavation was made 

about s i x  f e e t  deep and walled with rock. Seven 

p ieces  of 8" casing was sunk t o  a g r e a t e r  depth,  

the  water  r i s i n g  through the cas ing  forming a 

r e s e r v o i r  about s i x  f e e t  square and six f e e t  

deep, 'The water was piped out some 400 f e e t  

t o  s o l i d  ground where t rouehs  were s e t  and the 
h < 

spring and bog were fenced t o  prevent animals 

getting into t h e  s o f t  ground and dying, ItL 

excavat ing  for th i s  s p r i n g .  gl-eat masses. of bones 

were found c o n s i s t i n g  of remains of both  domestic 

and wi ld  animals. 

Hoana- Spr ing  i s  about 17 mi les  -.south of : :, 

Oraibi  and i s  loca ted  i n  a sand h i l l .  This 

spring was used by t h e  Indians  t o  water a con- 

s i d e r a b l e  band of sheep, 

The sand was d r i f t i n g  over  t h e  sp r lng  and 

i t  had almost become l o s t .  To develop it, it 

was necessary t o  excavate  i n  t h i s  loose sand 

back t o  s o l i d  foundat ion .  The water did  n o t  

come out  a t  one p o i n t ,  but was a seep along t h e  

edge of t h e  s o l i d  rock f o r  some d i s t ance .  A 

c o l l e c t i o n  box ( s o  c a l l e d  f o r  t h e  want of a b e t -  

t e r  name), was p u t  where the t r i c k l f n g  wa t e r  



ISI IPI  SPRI!:G a t  the F i r s t  Mesa, 
Before improving. 

I n  an open h o l e ,  a convenient 
receptActe  f o r  a l l  the f l l t h  
blown f r o n  t h e  v i l l a g e  dump. 



could be c o l l e c t e d  toge the r ,  made of s tone  and 

cement with a  t igh t  cover. A pipe l i n e  was 

' l a i d  from th i s  box f o r  a d i s t ance  of 200 f e e t  

u n t i l  it was c l e a r  of  the sand dunes, and t h e  

water was d e l i v e r e d  t o  a s tone  tank o r  r e s e r v o i r  

6 x 6 f e e t  which i s  e n t i r e l y  covered t o  keep out 

the dibif t l n g  sands.  The. overflow of  t h i  e t a n k  

i a  conducted . to '  24 f e e t :  of troughs f o r  t h e  u s e  

of thk  stock: There i s  another  p ipe  from this 

r e s e r v o i r  tank, drawing t h e  water  from t h e  b o t -  

tom, which leads  f o r  a d i s t a n c e  of f i f t y  f e e t ;  

equipped with a  g a t e  va lve ,  s o  t h a t  domestic 

water con be  drawn from t h e  s p r i n g  t o  the  e x t e n t  

of s e v e r a l  hundred g a l l o n s  without wa i t ing  f o r  

the t r i c k l i n g  s p r i n g  t o  slowly f i l l  the  bucket .  

As t h e  Indians h a u l  water from t h i s  s p r i n g  t o  

considerable  d i s t a n c e s t o  t h e i r  camps, i t  enables  

them t o  f i l l  t h e i r  b a r r e l s  without delay.  The 

flow of t h i s  s p r i n g  i s  18 ga l lons  an hour. 

Most of t h e  s p r i n g s  i n  t h i s  country a r e  

developed i n  sand, u s u a l l y  a t  the  f o o t  of some 

g r e a t  sand dune, and t h e  g r e a t  t r o u b l e  has  been 

L O  g e t  the water t o  s e p a r a t e  from t h e  f i n e  sand 

s o  i t  could be c a r r i e d  ou t  t o  t h e  t ank  o r  t rough.  



ISHPI SPRIiIG,  F i r s t  Yesa, 

After deve lop ing .  





T;,;', S P R I X G  TXAT SLJFI:I<G OFF T I 3  iZ1.L. 
m- ~ n e  s p r l n ~  cane out  above t h e  base of  t h i s  
c l i f f .  i e t  w ~ a t ! ~ e r  caused a p o r t i o r l  o f  t he  
f a c e  c f  the  c l i f f  t o  f a l l  o f f  r.nd c o v e r e l !  
t h e  spr:ng. In order t o  save t h e  s p r i n g  
K.E :/ere o b l i g e d  t o  b l a s t  out  many t o n s  o f  
r o c k  cind r e - d e v e l o p  the  s p r l n g  f l o w .  



and f o r  the past two years has a l so  had full 

charge of  ove r see ing  a l l  of the water d e v e l o p -  

ment including the opera t ion  o f  weZI x-igh. 

Having been in, charge of this work from i t s  

incept ion ,  unders t and lng  the  Indians as he does, 

and knowing the nee&. of' the country,  it 1s i n t e r -  

esting t o  g e t , t h % d i r e c t  , ... idea of the man i n  the  
" b  . . * 

f i e l d  regarding the.:',work . . , being . .  done, i t s  valuo to. 

the Indian ,  and some ideas r e g a r d i n g  what should 

be done. In n r e p o r t  r e c e i v e d  from Rr. 'il'ornack 

sone months ago, he makes the followf ng genera l  

s ta tements  r e g a r d i n g  the water  deve loprnent f o r  

these Indians ,  c o v e r i n g  both t h e  well and the  

"The wor;k i n  the Moqul. Reservat ion i s  con- 
f i n e d  to  the development of water  f o r  domestic 
and stock use, b y  developing s p r i n g s ,  making 
surface nats r  r e s e r v o i r s ,  d r i l l i n g  wells (50 t o  
300 f e e t  deep),  e r e c t i n g  windmills, t a n k s ,  t roughs ,  

. .. e t c .  
Oviing to the fact t h a t  we have increased t h e  

water supply the Moqui I n d i a n s  have increased the 
sheep and c a t t l e  t o  s u c h  an e x t e n t  tha t  w e  cannot 
k e e p  pace with the demand f o r  more watered range, 
notwi ths tanding  they have t h r e e  o . ~  f o u r  times a s  
much range as they had f i v e  years ago, The 
Indians have become i n t e r e s t e d  i n  t h e  c a t t l e  and 
sheep business and a r e  making use of a l l  t h e  
water that  has been developed. Many of them have 
i n c r e a s e d  t ! ~ e i r  herds th ree ,  and i n  some cases ,  
four hundred p e r  cent.  i n  the  last f i v e  years. 
This progress  may be expecked t o  cont inue i f  l ~ c t e r  
car, be developed in more o f  t he  outlying country.  



C e t t i n , ~  a t  the miiin f l o z  of a 
L. 

step s ? r i n g  cornin; c1:t of' the  
s i d e  of a m e s a .  71. .r.ls s y r i n l :  

p i p i n ~  i t  01:t t o  a t s n i c  2 n d  
t r o u ~ h s  . 



I n  years past the Indian d f  d not care t o  have many 
sheep as he was forced t o  lose them the f i r s t  dry 
year as there were no wells o r  permanent water, 
and na tura l ly  the sheep would d ie  off t o  a number 
t h a t  could l i v e  on the amount of water remaining,, 
But now, with wells, we have developed water that  
i s  .nbt affected by the drouth and they can see 
where it i s  possible t o  r a i s e  large numbers. 
Also we have confined the water i n  troughs where 
i t  can be clean and not so many d i e  from drinking 
s t a l e  water, Many of the Moqui Indians a re  aban- 
doning the  vi l lage and moving out t o  the  windmills - 
where there  i s  an abundance of water, l iv ing there  
w i t h  t h e i r  stock instetidof driving them in to  the 
v i l l age  a t  night. 

We have d r i l l e d  many well8 - in  the par t  of 
the  Koqui Reservation inhabited by the NavaJos and 
developed s i x  good well8 which haa developed a 
la rge  area of excellent grazing country. 'Phis 
w i l l  add to  the available grazing a b o u ~  t h i r t y  
per  cent. and w i l l  take care  of thousands of 
sheep and c a t t l e .  The above country was alrnos t 
r l t h o u t  water. If we g e t  a good f l o w  of water 
i n  the Cedar Ridge Country, which i s  the next 
move with % e l l  Rig No. 4,  we w i l l  add a large 
country t o  the west side of  the Moqui Reservation 
and the e a s t  p a r t  of the Western Navajo Reservation. 

Navajo Reservation. 

'Ne have kept i n  r e p a i r  a l l  the wells on the 
Navajo 2eservation and maintained a good supply 
of water. One s t r i n g  of wells on t h i s  reserva- 
t i o n  is 150 miles long and other s t r ings  leading 
o f f  from t h i s  s t r i n g  make a distance t o  travel '  t o  
take care of them about 350 miles and t h i s  i s  cover- 
ed once a month f o r  the season t h a t  i f  one of the 
wells f a i l s  it i s  necessary to  move a l l  the stock 
t o  another well as the herds are i n  most  cases s o  
la rge  t h a t  they cannot find su f f i c i en t  water a t  
t he  springs. 

The Indians rea l ize  tha t  they have a perma- 
nent s u p p l y  o f  water and a r e  giving the i r  a t t en -  
t i o n  t o  the stock business and are incfeasing the  
n u b e r  i n  great  proportions and are willing t o  
help i n  any way tha t  they can t o  get more water. 

' . - . . . - , . , ._ . _ . .  ". . . I.. , ' . .. , .:,:. ,."..' . " '  
, . . , * -  



The s t k e a m  pumped f r o m  one 
well a t  Leupp A r i z .  



Many of t h e  Ind ians  a r e  bu i ld ing  houses a t  
o r  near  t h e  w e l l s  and e s t a b l i s h i n g  homes a s  they  
can  depend on t h e  water supply and do no t  have t o  
move t h e  herds as they  d i d  i n  t h e  p a s t  when they  
were compelled t o  go g r e a t  d i s t a n c e s  t o  permanent 
water .  . . 

When you r e o l l z e  that, one o f  t h e  wel l s  
d r i l l e d  by Rig NO. 4 w i l l  f low twice q8 much wate r  

' a s  t h e  combined flow of a l l  t h e  s p r i n g s  i n  the Navajo 
and  HQqui Reservat ions you .can a p p r e c i a t e  what the 
wells have done t o  water the reser .va t ion .and how 
l i t t l e  permanent water t h e r e  .was . on the ' r e se rva t ion .  

The main drawback i s  t h e , ' l a c k  of.:moneg t o  c a r r y  
on t h e  work on a, : l a r g e r  s c a l e ; .  f u r .  i n s t ance ,  t h e  
c o u n t r y  i s  .so: l a r g e  that  it i s  impossible : for  me 
p e r s o n a l l y  tb s u p e r v i s e  work i n .  the  remote: sec t iona  
a s  we do not have enough money t o  ' h i r e  men " t o .  look 
~ . f  t e r  cementing up ' the s p r i n g s  and E i t t i n g  ' i n  t h e  
pipe ,  e t c . ,  i t  i s , , a  waste  o f  m a t e r i a l .  t o  go and 
lay  out  a p l a n  of -edevelopment of a s p r i n g  and 
have  t o  leave before  I t  i s  completed a s  t o  l eave  
riich work as  placing n f i l t e r ,  laying pipe ,  o r  
cementing up t h e  s p r i n g s  i n  the  lands of  t h e  
I n d i a n s ,  and f o r  t h a t  reason t h e  s p r i n ~ ;  work does 
n o t  go f a s t  as it should.  The Indians a r e  i n -  
; r e a s l n g  the  herds so, f a s t  tha t  we cannot keep 
up with them"withs .the water  development. , What 
we should have, i n  my opinion,  i s  ' a  mason t h a t  
c a n  c a r r y  out  a p l a n  o f  development and have h i m  
h e l p  me do th is  kind of  work that the 1 ~ d i a n . i  do 
n o t  understand. I c a n g e t  p l e n t y o f  labor  do- 
n a t e d  i f  I had time t o  go t o  those  f a r  away 
p l a c e s  and s t a y  u n t i l  a p l a c e  was f i n i s h e d .  

The Indians have seen t h e  b e n e f i t  of more 
wa te r  and a r e  much encouraged and a re  making 
good use of the water ,  ninny of t h e  progressive 
ones are w i l l i n g  t o  donate money o r  l abor  t o  
h e l p  t h e  work along. If we can keep up with 
t h e  p resen t  i n c r e a s e  of s tock ,  wi th  t h e  water 
. t h e  Indians w i l l  make more progress  i n  the  
s t o c k  bus iness  the n e x t  f i v e  y e a r s  than  they 
have done i n  t h e  p a s t  f i f t y .  A s  t he  s tock  i n  
t h i s  count ry  has always been l i m i t e d  t o  the  
amount of errnanent water, i n  t h e  p a s t  when 
a d r o u t h  w h ~ % ~  =he s p r i n g s  d r y  up the 
s t o c k  was fo rced  t o  d i e  off t o  t h e  nuaber t h a t  
could l i v e  on t h a t  anount o f  water. 

Xhile t h e  s p r i n g s  a r e  becoming of l e s s  
impor tance  as  compared. with t. he wells, tkrey mill 
f u r n i s h  a sazll permanent s u p p l y  of water and do 
not r e q u i r e  expellsivs l nho r .  A l s o  pctonle look- 
In& a t  the  ;nap ~ o u l d  ~ z t  a n  i d e a  t h n t  i f  the  
sp r ings  were developeg t l : a t  t>e ra  wou1.d be all 
t h e  water t h a t  t h e  range r a q u l r e a .  This i s  



A :Z;;ACLE on the Deser t .  

';iater from underground in an 
a b s o l u t e l g  d r y  c o u n t r y  ! 



sian, a l s o  114 dry holes - aggregatlng 14,223 f c e t  

o f  ~ o o d  wells and 11,820 f e e t  of dry holes, a 

t o t a l  ~f 26,043 f s e t  o r  about f i v e  m i l e s  scat- 

tered over an area as  g r e a t  as t h e  conbined area 

of Connecticut, 1:assachueetts and Rhode Island; 

t h e s e  wells all being equipped with windmills, 

tanks, and troughs. l e  h a v e  cons; derable ma- 

t e r i a l  on hand f o r  future work and t h ree  goo6 



I n  some s e c t i o n s  the water i s  found 
i n  c l o s e  grained sand s t o n e  which 
would not g i v e  i t s  burden freely. 
A4 n remedy t h o  w e l l  i s  s h o t  with . 
with dynanii t e ,  the  rock  sha t t e red  
and a f r e e  f l o v ~  of w a t e r  secured.  



It is; p o s s i b l e  , t h a t  these  c o s t s  may seem high,  
. . , . 

but as theri are  some 35,000 Indians on t h e s e  two 
I .  

reservations, the  .:coati gas only  been f o r t y  cent8 

exp&ded about @?6;000'~b'r! about $3,700 a year. 
, ,: , ' . , .J,\ . . ..:, \ .  . .  , 
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- .  BEHEFIT HE FITS FROX THE WORK. - . , : I ; :  
* . .! q.., ,;,! : ' , ' . ,? \  ;,, , . x  .... . .. .. ., .. . 

,_ + I ,;;... ;. ,:. ,; . .,- ,, . i .. .:.., . I , ,(,:  . 

i'$$:. the expendi ture  of this monepe  have 
. , . . . . . . .  . , 

increased the watered area of t h e  reservations 

four o r  f i v e  times. The. Indians have rece ived  

about $22,000 i n  wages f o r  labor .  

The f l o c k s  and herds  o f  the  Indians  have 

increased f u l l y  200 p e r  cent.  i n  t h e  d i s t r i c t s  

we have covered, and i n  these days o f  xar and 

h i g h  c o s t  of l i v i n g t h e  value of t h e  i n c r e a s e d  

c o s t  of wool and meat product ion wbuld n o t  only 

be a big i n t e r e s t  on t h e  investment but go a 

long ways towards paying t h e  p r i n c i p a l .  

The h e a l t h  of t h e  Indians  i n  the d i s t r i c t s  

coversd  has  been m t e r i a l l g  improved. This is 

e s p e c i a l l y  t r u e  of the Hopi Indians where the 

d e a t h  r a t e  has been g r e a t l y  fessened d i m e  they 

have had zood water f o r  domest ic  purposes. 



An MTESIAF! ;";ELL flowing f r e e  
and t h r o t t l e d  down. 



Afte r  yeara  .df e f f o r t  on t h e  p a r t  of the  

Government t o  induce the Bopi Indians  t o  come 

down from the  , I  mesa tops and sett le  on their lands,  , .. 
, . 

but without av(d.1, t h e  water development and in-  
. ... 

ereae~ i n  the%'; ,*. f l o c k s  and herds :has hadnthe. de- 
i '  i .  . ,  ... - - 111. . . ,+., . '. 

s i r e d  e f f e c t .  .:G .- . . . I .. ,. ,. : I , _  ..,.. 
. . ') . . . . . . 

We have i n c r e a s e d  t h e i r  in teres t  i n  t h e i r  
-'I . . - 
' .. . . . , . 

f l o c k s  and herds, , . %  and conqequently in t h e  q w l -  . .. ., . 
*.\;.*. . 8 61. 

i t g  of t h e i r  animals as wel l  as quantity; and 

. ' last  bu t  not l e a s t ,  we have by this expenditure  

done more towards the c iv i l iash t ion  of the--Indians, 

a long a l l  p o i n t s ,  than almost anything e l s e  t h a t  

has ever  been done f o r  them. 

It i s  t h e  consensus of opin ion  Bf p r a c t i c a l l y  

everyone who knows o f  the work being  done f o r  the  

Indians  of th i s  region ,  t h a t  g r e a t e r  b e n e f i t  h a s  

c6me t o  them from th i s  water development, bo th  i n  

t h e  line of civilization and m a t e r i a l  p r o s p e r i t y ,  

t h a n  any o t h e r  l i k e  sum expended f o r  them, many 

going t o  the  extent of say ing  t h a t  t h i s  a p p l i e s  

even t o  the  educat ion  of t h e  Indians  In t h e  school .  

MORE ?hONEY NEEDVD . 
The money f o r  t h e  work f o r  t h i s  water devclo?- 

rnent h a s  been corning from t w o  funds. For severa l  



Yell for i r r i g a t i o n  a f  Sohool farm. 
Whon punping nat.er drops t o  5:' 2" i'rom surfaoe. 



LP A3 T!.B IiT OF T ti3 1 21 TSF; I OR . 
U. SI Ind ian  I r r i g a t i o n  Ssrvics. 
District No. 5; 

men wntor lowers t:, 28' 5" f r o =  surface. 

f* ,d4 MA2 

L O G .  ---- ---- ----_-- - ------ --- -- ------ - ------I-----.-------------- -------.--- 
Lepth.  ----------------- 

From t E Fprmn t i on Rem~rks --------- -- -------I-- ---- I-------------L - -----..--A ---- -- ------------ 
%Lgi+----+---6s--- -Pwkred.adnha- - ---- --.-. .-.----- --.-------------- 



CLPART1.B KT OF T ti.: I IVTEFcI OR. 
U. S .  I n d i a n  I r r i ~ a t i o n  Service.  
D i s t r i c t  No. 5. 

Rater lowero t o  c9 f t  gtom aurface when pumping. 
Well for i r r i g a t i p n  o f  School farn.  

L O G .  ---------------------- --- ------- -.--.-.- 
Depth. ---- --------- 

Prom I Er- 1 F ~ r r n ? t i o n  



. Water lowers to 29' from suriuce while pumping. 
Well for i r r ign t ion  or' School  farm, 

--------- ------------ r--'-'--'--'-.-- .---- ------.,-------. - ----- ------- .--- 
Leoth .  I 



,_,_,, AL-F-Hallstrsu;~,  ,,,,,-,,,----------..------------- 
RE~~ARKS : 

Roll for d ~ m s t i o  supply at Leupp I n d i a ~ .  school .  

I Farmntion 



L o c a t i o n  m i l u s . N , E &  aynn&-.Ar-iz, .----.-.------------ - s .  p, ...L t! 52 -19-1-A -.- - -.--. - .-.. .--- - - -- - -- ::'ELL NO .sL 
.. ... .. 

Finislzec. s;t 11 1 9 l 7  ..,,,-,----,, ---,,---I-- 

na;net';r 01' w z l l  1 - N A V A J C L  
---.- ---- r ------ ------. SI.-L,- .--.--I--- - - 
Lep t 5  of-?'J$'Z 1, Reservation. 

-. 

.. .,Bw-1, " -.---- --.---- .------.--. ...... .-- -----.-- ------- --- -.-------- 
R",TKFS : 

Puma set up Jan,  15, 1917. 
;Vatsr lowared aighty ft after pumpins one hr .  
Good supgl:~ of water, quality e x t r s  sood, 

--- ---- ---- --- -------------.---.a- .-------.-.-------------------- 
Ee p t5 .  - .----------- - -------.- I 

..f - -- I 
F r  ~ r n  t c  Format i?n  ! f.;enat?!cs. -.---.----..-------.--.- 1 .---,----,--- -,-,-.,---.--.--I --.----. - - .  --.-------- 

~ Z ~ C E I  ....... 29- ft --.L--3..caw~-clagr--, .. -.-.--.----- -- .; -----.-------. ---- ---------- 
-,L?Q-fL,,- -+-$I.. ft. -,.-: .--. ~ a l h s ~ w ~ - ' - - - - -  + ' ---.-- --- -.-..---. - - - .  ---- 
--..g_f.L,-- -, ~ ~ L - - , . - - - T ~ @ U U ~ - C : ~ ~ - ~ - - - - -  --------- ------- -- ---------- 
.-_51_ft--- -- - 4 l - e ~  ---,-- l;ro.~&p- -- --.. -----. -- ,- .--. -- -..-.--,.-- - ------ 
-A- ~t-----95-e~--- + - - ~ a d  lad-am,.isto- ---..-- ---.----.---.----.-----rrl.-rrl. 

--35-ftG ----.. JD5.fL.--- ,- -. Li&.~re~-~de-~er&.&-tda~&r-------- -- -- --- -- 
--m-ft--. -- 2059t ,.-.,-- Yard._rodABiid5f:oiia ---.---- .L --.------ .-- ..... .--.--- .---.- 
-. ~ ~ - f t - - - - - ~ f t - - - ~ - - ~ ~ d d & ~ = ~ ~ &  ----- ----. -- --. --- - 



GEPART!.E;\IT OF Tiill, I i\rTE!i I OR. ','!;:'E L L  
U. S. I n d i  al? I r r i , ; a t i on  Se rv i ce  
b i s t r i c t  119. 5. R E C O R C  

L O G .  



This  i s  an ar tes ian well, 
Well fl038 about 1000 g a l l o n s  per day. 


