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This  p r c j e c t  has been t h e  cons t rac t ion  o f  a  

r e se rvo i r  abotzt three  miles  f r o m  Gancdo, Arizona, i n  

which the  waters of the  R i o  Pueblo Colorado may be con- 

served together  with the  necessary d ive r s ion  s t r u c t u r e s  

and canal  2nd the  d i s t r i b u t i n g  canal.  On a f la t  nor th  

of the stream a small storm water  lake  has ex i s t ed  for 

many years  and by t h e  cons t ruc t ion  o f  a d ike  zbout 

3200 f e e t  long,  wi th  a maximum height  o f  22 f e e t ,  a  con- 

s ide rab le  qvantkty of water can be impounded m d  used 

f o r  t h e  ' i r r i g a t i o n  of lands  a l o n g  t h e  etrenrii below, 

Ylans and es t imates  were mude o f  t h i s  p ro jec t  

and Congress appropr ia ted  $60,100.00 for i t s  construc- 

t i o n .  The plans prepared were f o r  a d ive r s ion  of the 

stream, the cons t ruc t ion  02' t h e  r e s e r v o i r ,  t he  constrruc- 

t i o n  o f  tho d i s t r i b u t i n g  d i t c h  severa l  miles long,  the  

enlarg ing  and rebu i ld ing  o f  a d i t c h  forrr,erly o-rmod by 

J. L. Hubbell for s e v e r a l  miles f u r t k e r  and tho sxtenQ 

s i o n  o f  t h i s  d i t c h  t o  cover lands below t h e  iiubbell place.  

The d i t c h  as planned wes t o  cover something over 700 

ac res  o f  land,  After the  p repar r t ion  o f  t h e  plans 

and before tho cons t rdc t ion  corr~menced, the  stream s h i f t e d  

i t s  course from where it formerly ran on rock bed t o  

a place i n  deep a l l u v i a l  s o i l ,  and the channel was cut  





down some 15  f e e t  below i t s  forxier l e v e l .  This made 

t h e  d i v e r s i o n  c o s t  a g r e a t  d e a l  more t h a n  wa.s a n t i c i -  

pa ted .  By i n s t r u c t i o n s  from your o f l i c e ,  t h e  p l a n s  

were a l s o  changed p r o v i d i n g  f o r  t h e  c o n s t r u c t i o n  of a 

c o n c r e t e  head works i n s t e a d  of woodon. 

Heavy f l o o d s ,  b o t h  from t h e  s t r e a m  and c l o u  

b u r s t s  e n l a r g e d  b o t h  t h e  mein s t r eam and  the  s i d e  d r a i n -  

age s o  t h a t  l a r g e r  f lumes  v e r e  n e c e s s a r y  t h a n  pZanned 

and one l a r g e  f lume was e n t i r e l y  washed ou t  s f t a r  b e i n g  

c o n s t r u c t e d .  From a con~bina.t;ion of t h e s e  c m s e s ,  t h e  

money app rop r i a - t e a  was n o t  u  Lf i c i c n t  t o  corr~plete t h e  

p r o j e c t .  

An estirr~a1;e n s s  made :or pomplet ing  t i , e  

o r i g i n a l  p r o j e c t  mid f o r  zn c x t e a s i o n  t o  b r i y  nore  

l a n d  under & i t c h .  Tl-le m o u n t  ne co ssary was incl~~l?o;! 

in  t h e  Ind i an  Approp r i a t i on  B i l l  f o r  1916 ,  which f a i l e d  

passage .  The c o n s t r u c t i o n  t h e r e f o r e  was c l o s e d  

down d u r i n g  t h e  f i s c a l  y e a r  1916. The on ly  work done 

was t h a t  n e c e s s a r y  f o r  maintenance.  

The I n d i a n  Approp r i a t i on  B i l l  f o r  1317 con- 

t a i n e d  a n  i t e m  of $20,000.00 t o  complete t h e  p r o j e c t  

and work p i l l  oomence  i m e d i a t e l y  t o  c a r r y  it; t o  com- 

p l e t i o n .  

During t h e  p a s t  yea r  wa$or was impounded 

in t h e  reservoir t o  a dep th  o f  1 2  f e e t  rnd has been 

f u r n i s h e d  f o r  purposes  of  i r r i g a t i o n  as neoded. 





In a d a i t i o n  t o  wa t e r  furni:zhed Llr. EubbelL 

'under his con t rac t  n i t h  t h e  govermient-, water  has 

been furnished t o  t e n  Ilid.ians viho put i n  m a l l  t r a c t s  

of land. 

The General Land. Ofi ice has made a survey 

of t h e  lands under the d i t c h  and sub-divide& the same 

i n t o  t e n  acre  t m c t s  f o r  a l lo t tmen t  t o  the  Indians ,  but 

no s t eps  have been taken as ge t  t o  a l l o t  any o f  them. 

Orders were given the care taker  t h a t  u n t i l  such t i n e  

as t h e  land was allotted, i f  any Indians des i red  t o  put 

i n  a t r a c t ,  an& made a reques t  f o r  water ,  that- he was 

t o  be furn ished  w i $ h  such water a's was necosaary. 

A r e se rva t ion  has been made by the Indian 

Office of approximately 270 a c r e s  o f  land on which it 

i s  proposed t o  bu i ld  a school  and t o  u m  the  1a-d for  

school purposes. 

It i s  hoped t o  complete t h i s  p r o j e c t  before 

t h o  end of t h e  f i s c a l  year.  

The amo-~xnt exponded l a s t  year i s  83  ~ho'irsfl 

i n  d e t a i l  on t h e  accompanying cos t  d c t a  s h o a t s .  
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Flume . A t  t h e  Leupp Agency, Uav?, j o Ex4 elision I ieser-  

v a t i o n ,  w e l l s  were put d a m  mid a pun~pine; p l a n t  i n s t a l l - e d  

s e v e r a l  yea r s  ago. Th i s  p a p i n g  p l a n t  was cup~?osed 

t o  f u r n i s h  wator  f o r  tho  s c h o o l  grounfis a i d  a sr:lall 

farm, I n  o r d e r  t o  cover t h o  s choo l  g rounas ,  i t  mas 

n e c e s s a r y  t o  c a r r y  t h e  wa t e r  some 3000 f e e t  ~ n d  as t h e  

d i t c h  l i n e  c r o s s e d  some l(.,v? ground it must be c a r r i e d  

a t  some e l e v a t i o n  above t h e  l e v e l  of t h e  ground. 

The Agency f o r c e  b u i l t  a n  e l e v a t e d  d i t c h  of e a r t h  t o  

c a r r y  t h i s  w a t e r  but it  was made s o  small t h a t  it would 

not s t a n  a head of w a t e r  snd was c o n t i n u a l l y  b r e n k i n g ,  Y 
hence no wate r  has  eve r  been d e l i v e r e d  t o  t h e  s c h o o l  

ground i n  s u f f i c i e n t  g u m t i t i e s  t o  i r r i g a t e .  

The p r e s e n t  Supe r in t enden t  d e s i r e d  t o  put  the  

grounds under water and r eques t ed  a s s i s t a n c e ,  Aurve y s  

were made and it was iiecided tha t  t h e  level .  o f  t h e  s u p , l y  

d i t c h  should  b e  r s i s e d  t w o  f e ~ . t  abovo that Sor?ierly 

a tcenlpted ,  ns an ernhankmont at  t h i s  p o i n t  r~o r i l d  furnish 

p r o t e c t i o n  a 3 a i n s t  f l o o d  wa t e r s  a t  t h e  s choo l .  The 

Supe r in t enden t  b u i l t a  h i g h ,  heavy bank ,  ,?nd s:ut'r!ori ~ J T  

was r e c e i v e d  f r o m  the  Indian O f l i c e  by che I r r i g a t i o n  

s e c t i o n  t o  furnish  3000 f e e t  of m e t a l i c  f lunie,  which 

was l a i d  on t o p  of t h e  d ike .  This enab led  the &per i n -  

t e n d e n t  t o  furnish a f u l l  head of v a t e r  a t  all t imes  t o  





the  s c h o o l  grounds. 

R iver  - E r o t e c t i o n .  

The L i t t l e  Colorado River  reached  

a h igh  s t a g e  las t  w i n t e r  and t h r e a t e n e d  t o  change i t s  

c h a r n e l  i n  sucH a way t h a t  it vvas f e a r e d  that t h e  

egency and s c h o o l  mould be endangered.  A r eques t  

was made f o r  ass i r t a n c e  2nd an Engineer  ivas d e t a i l e d  

t o  make a n  examinat ion a c d  submit  e s t i n a t e s .  A r e p o r t  

was made of  t he  c o n d i t i o n  2nd rnethods sug~ . : e s t ed  f o r  

p r o t e c t  ion.  This: r e p o r t  ~vas forwarded t o  the  I c d i a n  

Of f i c e  and  upon c e r t a i n  o b j e c t i o n s  b e i n g  r a i s e d  ky you 

as t o  t h e  p l ans  s u g g e s t e d ,  I personal1.y i n v e s t i g a t e d  

same l a t e r  i n  t h e  ye8.r. 

It va s  found t h a t  t he  r i v e r  had a g a i n  

s h i f t e d  i t s  c h a r n e l  back t o  t h e  o l d  p o a i t i o n ,  n a  it was 

thoug;.t t h a t  any expense f o r  r i v e r  p r o t e c t i o n  work a t  

t h i s  p o i n t  would be wasted .  The c o n s t r u c t i o n  o f  two 

d ike s  as a f u r t h e r  p r o t e c t i o n  t o  t h e  s c h o o l  f rom s t c j r m  

wa te r  and overflows from t h e  r i v e r  was cone idesed  necesszxy 

and t h i s  was a p ~ r o v e d  by you bu t  no a u t h o r i t y  had been 

g r an t ed  by t h e  Ind ian  O f f i c e  f o r  gurzh c o n s t r u c t i o n .  

The Lakes. 

About 1E ifiil-os n o r t k  o f  Leupy Agemy 

t h e r e  a r e  t w o  s torm wa te r  l a k e s  a t  t k e  lo-ger en& of t h e  



O r a i b i  Wash. It was t h o u g h t  t h a t  t h e s e  l a k e s  might 

f u r n i s h  v a t e r  t o  i r r i g a t e  a sniall t r a c t  of l ;nd, znci 

Supe r in t enden t  Janus made q u i t e  a glowing r e p o r t  on 

t h e  m a t t e r .  An Engineer  was d e t a i l e d  who made sur-  

veys  and thorough examina t ions  and it was found t h a t  -the 

q u a n t i t y  o f  w a t e q  impounded was n o t  g r e a t  end t h a t  t he  

l a k e s  would n o t  fill up eve ry  year.  Th i s  f a c t ,  t o -  

g e t h e r  w i t h  t he  c o s t  o f  a n y  developnlent work a t  this  

p o i n t  caused a n  adverse  r e p o r t  t o  be made. For fur t '  ex 

d e t a i l s  I xou ld  r e f e r  you t o  t h i s  r e p o r t .  















UNDERGROUND 1W$(CER SUPPLY 

The e n t i r e  Navajo and Eopi Reservation i s  

what might be termed dese r t  countryri  . It i s  an 

a r i d  region. The r a i n f a l l  records end the cha rac te r  

and d i s t r i b u t i o n  of  p lan t  l i f e  show a r i d i t y  a t  the  

present  time. The geologic 2nd archaeologio evidence 

a l i k e  ind ica te  t h a t  it has been a r i d  f o r  thousand o f  

yea r s ,  and the geographical p o s i t i o n ,  topographical  

surroundings,  and cl imate h i s t o r y  i n d i c a t e s  t h a t  the  

a r i d i t y  w i l l  continue. The d e f i c i e n t  r a i n f a l l  cnd i t s  

unfavorable d i s t r i b u t i o n  throughout the year ; extensive 

d r i f t i n g  sands ,  a topography o f  canyon, mesa, 2nd arroyo;  
4 

grying winds; and the e l eva t ion  above t h e  s e a  determine 

f o r  t h i s  reg ion  an u n s a t i s f a c t o r y  v a t e r  eppply. 

Water is des i red  i n  t h i s  countrg both f o r  

s tock  r a i s i n g  and i r r i g a t i o n .  ifater supply f o r  a 

grazing country involves not a few l a rge  supp l i e s  bu t  

many a ~ i a l l  ones ; not an increaoe i n  q u a n t i t y  ahere  wat c r  

nom e x i s t s ,  but a moderate supply :?here a t  present  i t  

i s  not  found. Xater i s  noaded vhere advantage may be 

taken o f  n a t u r a l  feed on -the r e se rva t ions .  But i n  c o a -  

s i d e r i n g  t h i s  it nus t  al.so be renleiub~red t h a t  t o o  peat 

a quan t i ty  of mater s t  ang one p lace ,  mhen the re  i s  a 

s c a r c i t y  a t  o t h e r s ,  w i l l  have a tendency t o  cause t h e  



p lace  is t h e  g r a s s  and n a t u r a l  feed v e r y  l u x u r i o u s ,  

and $has  do more harm than good. 

Stock: r a i s i n g ,  znd e s p e c i a l l y  t he  r a i s i n g  of 

sheep on t h e s e  r e s e r v a t i o n s  i s  prov ing  t h e  s a l v a t i o n  

o f  t h e s e  Inddckns. 

On the r e t u r n  of  t h e  Havajo from the  Bosque 

Redondo at t h e  end of  t h e i r  capf i v i t y  i n  t he  l a t e  

'60s they  were a ppor peop le ,  and compara t ive ly  few. 

I n  the  space of  l e s s  than two g e n e r a t i o n s  s i n c e  t h a t  

t ime t h e y  have i nc rea sed  t h r e e  f o l d  i n  number and t h e i r  

f l o c k s  have i n c r e a s e d  s e v e r a l  hundred f o l d .  Their  

g r e a t  d i f f i c u l t y  now is t h a t  t h e i r  f l o c k s  a r e  t o o  

nurne rous  f o r  t 216 n a t u r a l  e x i s t  i n g  m a t  e r  supisly, and it 

is t o  supplement t h i s  s c a n t  supply  t h a t  the  Indian 

s e r v i c e  is  p u t t i n g  down we l l s  f o r  donlest i c  end S ~ O C ~ C  

water  i n  t h e  p l a c e s  where it seems p o s s i b l e  t o  s ecu re  

a supply  and where needed. 

It is now s e v e r a l  ye&s s i n c e  t h i s  xork 

comlenced, and  over e x t e n s i v s  a r e a s  t h e  developea 

wate r  i s  t h e  only means o f  keep ing  nang f locl rs  o f  

sheep and a cons idernk le  popula t ion .  Cut o f f  t h i s  

su-jqly now, and it w o ~ l c i  mean t h e  l o c s  o f  f l oc^ r  a f t e r  

f l o c k  and the  r u i n a t i o n  of many s e l f  suppor t i ng  f m i l i e s .  

In t ho  Bopi count ry  it has been  the  endeavor 

of t h e  Off ice  f o r  yea r s  t o  b r i n g  the  people doivn from 



the  mesa tope t o  l i v e  i n  the Valleys below, Uritil  

nov, it has seemed a h o i ? e l e ~ ~  enaeavor, bu t  w i t h  t h e  

extending o f  t h e  graz ing  a reas  by  %lie d r i l l i n g  o f  mils 

and t h e  development of sp r ings ,  opening up new f e e d i n g  

p laces  t o o  far  from t h e  v i l l a g e  f o r  t h e  d a i l y  t r i p  o f  

t h e  f l o c k s  from the mesa t o  t h e  feeding grounds, many 

o f  t h e  Indians have nioved down and b u i l t  a t  the  w e l l s  

mid springa,  ahd by r e l i e v i n g  t h e  g x ~ w l d  around t h e  mesa 

from 'a port;ion o f  the f locks  t h e  remeining w i l l  have a 

chance t o  increase.  For r ea r s ,  because o f  t h o  limit-ad 

area over vhieh t h e y  ranged t h e r e  bad b e e n  no increase.  

They simply ex i s t ed  and held- t h e i r  om. This i3 now 

changing, 

.To ccn b e s t  consider t h e  underground 

development i n  t h i s  Dis t r ic t -  b;. d iv id ing  i t  i n t o  f ive  

he ad ings : 

1. Deop well  d3ailli.ng. ( Exploring f o r  artesian ,mat (:r ) 

2. S h a l l o w m l l  d r i l l i n g .  ( To 5'10 f e e t  deep) .  llravajo 

3. Fie11 hfaintenance . 
4. Spring Developrr~ent. 

5. Shallow Wells. Eueblo. 

For seve ra l  years t h e  l ~ r g e  r i g  ( No. 1.) 

iE has been engaged  i n  t h i s  ~ o r k ,  Pol.lotvine out t h e  rum-ostions 
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a t  Teams Canyon, as P r o f .  Gregory had s t e t e d  t h a t  a 

thorough t e s t  a t  t h i s  point  would de t  erniine whether 

i t  was poss ib le  t o  secure a r t e s i a n  water a t  any point  

south o f  t h e  Black IJountain Country. After poing t o  

a depth o f  over 1300 f e c t  , i t  was doci?ed,2rof .  Q r e ~ o r y  

concur r i l~g ,  tha t  i s  was impract icable  t o  secure f lon ing  

water i n  t h i s  D i z t r i c t .  

The r i g  was then t ransfer re i l  t o  the Choislia 

Valley and a wel l  put down a t  the  head o f  t h a t  Val ley,  

some nine niiles southeas t  o f  th.e Tohatchi school end soiije 

25  miles n o r t h  o f  Gallup. 

Over a gear was spent  on t h i s  w e l l ,  owing 

t o  d i f f i c u l t i e s  encountered, f i r s t  of l a r g e  beds of 

f i r e  c l a y  which would n e i t h e r  d r i l l  nor ba le  out with 

t h e  sand b a i l e r ,  and which was f i n a l l y  conquered by 

haul ing in sand,  dumping it i n t o  the wel l  and mixing 

i t  i n  with the  c l a y  u n t i l  it was o f  a consis tenco t h a t  

it was workable , second, the  encountering o f  s  onre ex- 

tremely hard rock ,  so hard  i n  f a c t ,  t h a t  i n  one month 

o f  constant d r i l l i n g ,  only 12  f e e t  was made. Jc  were 

a l s o  handicapped by Lad water f o r  d r i l l i n g  and camp 

purposes, and t h e  f a c t  t h a t  the beat  n a t e r  found v n s  

such t h a t  it very bad f o r  b o i l e r  uce ,  :.nd not a 

month ment by tha.l- it was not noceseprg t o  :iork ovqr 
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t h e  b o i l e r  and pu t  i n  new f l u o s  or !r!a'u_e o t h e r  r e p a i r s  

t o  it. 

However i n  s p i t e  of  t h e  d i f f i c u l t i e s  encounter-  

ed t h e  w e l l  was a s u c c o s r ,  i n  t h a t  it dernonstrat-ea t h a t  

A r t e s i a n  wa te r  was t o  b e  found i n  t h e  Choiska Val ley,  

Yater  was encountered  a t  sha l l ow  d e p t h e ,  and 

a f low f i n a l l y  reacheci t h e  a u r f a c e -  abou t  50 g a l l o n s  a n  

hour. Between 1050 2nd 1058 i n  l i g h t  ye l low sandstone  

ano the r  f low was s t r u c k  i n c r e a s i n g  t h e  miount t o  3Q0 

g a l l o n s  per hour .  A t  1082 a n o t h e r  s t r a t a  o f  t h e  same 

m a t e r i a l  was found ma. t h e  f l o w  i n c r e a s e d  t o  2500 g a l l o n s  

an hou r ,  a n d  j u s t  below 1100 f e e t  i n  l i g h t  g r ey  s~xld-  

s t one  more w a t e r  was found g i v i ~ g  a rtl-GW of 6000 g a l l o n s  

an  hour .  D r i l l i n g  was t h e n  s topped  and a f t e r  some clays 

ano ther  rr~easure~nent wag n ~ d e  f i n d i n g  t h a t  the  flow had 

inc reased  t o  6500 gal lor ls  l )er  hour.  

T h o  7~el . l  was f inislzed by capping i t ,  placing 

a va lve  t o  c o n t r d l  t h e  f l ow  and b u i l d i n g  an i r o n  house 

t o  p r o t e c t  t h e  we l l  frcnl mole s t a t  iou .  ii s m a l l  c o i ~ s t a l l t  

f low was rzllowed t o  run f o r  s t o c k  wa t e r .  

The r i g  was moved t o  a  p o i n t  abou t  s i x  m i l e s  

e a s t  of he r e  w h i l e  w a i t i n g  f o r  c a s i n g ,  s t a r t e d  t o  pu t  

down a m i a l l  w a l l  which was e q e c t e d  t o  equ ip  w i t h  pump 

and -g indmi l l ,  t o  f u r n i ~ ~ h  water  f o r  s t o c k .  To our s u r p i s e  

a f l a w i n g  w e l l  was dav6loped a t  205 f e e t .  Th i s  we l l  





the  work go s i o w  end the cos t s  t o  mount high. 

An inspect ion  of t h e  m&p w i l l  show the  a r e a  

covered i n  the d r i l l i n g  operat  ions ,-.ncT. the a c c o ~ ~ p a n y i n g  

t a b l e  w i l l  g ive the a c t u a l  -uork accomplished. 

Cost data o f  wel l  d r i l l i n g  wi l l  be found 

properly sub-divided on other shee t s .  

It has been d i f f i c u l t  for  n1e t o  k e c ~  i n  as 

close touch with the  we l l  d r i l l i n g  ne d e s i r e d  owing 

t o  the  necess i ty  of v i u i t i n g  a l l  p a r t s  o f  t h e  D i s t r i c t  

and ~ t t t e n c l i ~ g  t o  the  other necessary work. The ge l1  

r igs  are  working i n  the  most inacce:.sible por t ions  o f  

the country and v i s i t s  take a l a rge  amount of t i n e .  

In order t o  f a c i l i t a t e  the  work znd keep i n  

c l o s e r  touch w i t h  ghat  i s  being done , Foreman :,domaclr, 

who here tofore  haa been i n  charge of t h e  sp r ing  develop- 

ment and wel l  nmintenznco only,  b s  been placed in ,  

genoral charge of  a l l  water dev'elopments i n  the Navajo 

and Hopi Countr ies ,  w i t h  i n s t r u c t i o n s  not  only t o  con- 

t inue  t h e  work he has been do i rg  but a l s o  t o  v i s i t  the  

wel l  r i g s  et frequent  i n t e r v a l s ,  give advice t o  t h e  

d r i l l e r s  e'ts t o  t h e i  r f u t u r e  movements which w i l l  avoid 

t h e  necess i ty  ( o f  t h e  wel l  d r i l l - e r  l s c v i n g  the  r i g  and 

looking over t h e  country f o r -  new l o c a t i o n s ,  arid i n  fact, 

f o r  the general  supervis ion o f  t h e  w e l l  d r i l l k n g  as w e l l  

as the other  water d-evelopments. Be i s  t o  r e p o r t  t o  







country bo th  e a s t  and west t o  b e  developed, and 

another  r i g  could be used t o  aavantage here .  

Rig No. 3 i s  now no r th  of t h e  Black Mountain - 

( ~ i l h - l e -  j i n i  Ebesa) , about e igh t  mi les  no r th  of we11 

No. 354 11 miles  no r th  of ~ o u ~ h R o c k  Springs (~ t ag ; . ' s  

S t o r e ) .  The r i g  w i l l  work over t h e  l a rge  a r e a  west 

of the  Treaty  Reservat ion ,  nor th  of Black Llountain a s  

far west as Xayenta. Its fudther  movements have not  

be en d e f i n i t e l y  planned. 

% e l l  r i g  No. 4 i s  now near  Bound Rock, no r th  

of we l l  No. 440 e ight  or  t e n  mi les .  There a r e  2.bout 

two more we l l s  t o  gu t  down i n  t h i s  v i n i n i t y .  The 

country n o r t h  of t h i s  i s  rough w i t h  smal l  chances f o r  

water by d r i l l i n g ,  and moreover i s  f a i r l y  we l l  wat e re& 

by spr ings  , hence w i l l  no t  t r y  t o  work it unt  il more 

promising and more iniportnnt a r e a s  a r e  covered. 

The r i g  w i l l  move from t l l i s  v i c i n i t y  t o  t h e  

v a l l e y  be t w o  cn Sa lahka i  Ne s a  and Black Nount ain-- 

between gel15 Bo. 347 and Do. 205-0 r h e r e  f o ~  or f i v e  

welle  should be developed a s  the re  is much grass  ~ n b  

l i t t l e  water .  After  completing this it w i l l  be 

riioved t o  the r e s t  o f  the  Hopi Reservat ion  covering t h e  

country along the Denobito Wash, a s  far n o r t h  as t he  

Noencopi Viaah and Blue Canyon, and then  on west o f  Cedar 

Ridge 





The p l a n s  o u t l i n e d  a r e  t e n t a t i v e ,  s u b j e c t  t o  

change as t h e  couh t ry  i s  f u r t h e r  explored  or o t h e r  

needs develop. 

Under t h i s  heading we have t h e  r e g u l a r  

maintenance work of t h e  c o n s t r u c t e d  me113 which con- 

s is t  i n  making f r e q u e n t  t r i p s  t o  e a c h  of the  w e l l s  

once a month o r  o f t e n e r  f o r  t h e  purpose of keeping  t h e  

wind.mi.11~ o i l e a  and a t t e n d i a g  t o  a l l  minor r e p a i r s  t h s t  

may be necessa ry  t o  mindmil l s ,  pumps, t roughs  and t a n k s .  

T h i s  maintenance work is abgo lu t  e l y  n e c e s s a r y  for any 

count ry  an& doubly s o  where the  wind c a r r i e s  a great  

d e a l  o f  sand and d u a t  an6 t h e  atmosphere is  s o  e x t r a ~ ~ e l y  

dry. Unless the  windmil ls  are r e g u l a r l y  o i l e d ,  the 

bea r ings  soon c u t  out .  iVith tho  x e l l s  developed i n  

f i n e  m a t e r i a l  we find i n  t h i s  cou.ntry, tho pump leather 

las ts  b u t  a s h o r t  t i m e ,  i n  some w e l l s ,  only a %?ew weeks; 

t h e n  t h e  -pump rod rrrust be p u l l e d  and new l e a t h e r s  i n s e r t e d .  

A t  o t h e r  t i m e s ,  w e l l s  t h a t  a r e  pumping c o ~ s i d e r a b l e  

sand a r e  f r e q u e n t l y  bad ly  damaged. During p e r i o d s  o f  

calm when the windmil l s  do n o t  r u n ,  the  sand s e t t l e s  

on t o p  o f  t h e  va lves  i n  s u f f i c i e n t  q u a n t i t i e s  t o  weigh 

i t  down or even t o  fill t h e  cy l i r tder  an& xhen the  wind- 

m i l l  beg ins  t o  t u r n  ?,gain, tho  va lve  i s  inmovable, r e s u l t -  



i n g  i n  the breaking of the '  pump rods or the  wrecking 

of  t he  cy l i nde r  connection. . 

During the  f i s c a l  year  1915, from l a c k  of  funds ,  

some of t h i s  maintenance work was neg lec ted  f o r  a  con- 

s i d e r a b l e  time and a number of the  we l l s  go t  i n t o  such 

a cond i t ion  t h a t  t he  ordinary  maintenance was i n s n f f i -  

c i e n t  cnd it was necessary  t o  aend a  d r i l l i n g  r i g  out  

t o  overhaul t h e  w e l l ,  e i t h e r  from an a c c u ~ u l a t i o n  of 

sand i n  t h e  wel ls  or  because the o r i g i n a l  w o l l  was f i n i s h -  

ed up i n  a pocket t h a t  contained wate r ,  g iv ing the 

idea  t ha t  t he r e  was an  amply supply ifdr the  w e l l ,  bu t  

a f t e r  pumping a whi le ,  t h i s  pocket would become exhausted 

and it would then  be necessary t o  d r i l l  t he  we l l  deeper 

t o  secure more water .  

Well R i g  No.  4 put i n  considerable  tirrio dur ing 

t h e  par3y p a r t  of the  year  i n  t h i s  work, and i n  a d d i t i o n ,  

two o u t f i t s  were p a t r o l l i n g  t h e  we 11s a consiclerable 

po r t i on  of t h e  t ime,  one i n  t h e  Hopi and one i n  the  

Navajo country. 

SFRIBG DEVELO~iNP . 
During the time t h a t  the  mountonnnce 

crews were no t  busy -,vith the  v e l l s  t h e y  pu t  i n  some 

time developing spr ings  2nd i n  genera l  invcs tipet ion 

work concerning water  condi t ions  i n  t h e  reaervq+- cYv lon ,  



upon which t o  base  f u t u r e  work. - 

To a person  l i v i n g  i n  a coun t ry  where t h e r e  

i a  s u f f i c i e n t  w a t a r ,  the  va lue  of a v e r y  l i t t l e  weter  

he re  da n o t  understood.  I n  t h i s  d e s e r t  coun t ry ,  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 m i l i e s .  

In t h e  count ry  l y i n g  n o r t h  of Keams Canyon 

and s o u t h  of t h e  Black  hfesa, t h e r e  i s  e popu la t ion  of 

f rom 40 t o  50 f a m i l i e s ,  each  w i t h  t h e i r  f l o c k s  of sheep 

and some horses .  There ds b u t  h a l f  a dozen e p r i n g s  

i n  t h i s  whole D i s t r i c t  of  at  l e a s t  t h i r t y  mi l e s  by t i ren ty  . 
The most important  s p r i n g  i s  knonn a s  t h e  

Lu Kas-a-hs sp r ing .  This s p r i n g  has  been measured 

and found t o  f low on ly  1 2  g a l l o n s  an hour.  

A f t e r  thorough examination of t h i s  country 

it was decided that it was impossible  t o  develop  adcli- 

t i o n a l  water  i n  t h e s e  s p r i n g s ,  t h e  on ly  t h i n g  p o s s i b l e  

be ing  t o  conserve t h e  small sup;ily by l e a d i n g  it i n t o  

s m a l l  r e s e r v o i r s  or  t a n k s  which shoula  be c o n s t r u c t e d  

of c o n c r e t e  or s tone  l a i d  i n  cement so  t h a t  none of 

t h e  p rec ious  f l u i d  espapes.  None of t h e  o t h e r  s p r i n g s  

f u r n i s h  a3 much wa te r  as t h i s  one does. 

This i s  t h e  s e c t i o n  of t h e  count ry  r e f e r r e d  t o  

ss  the  next  p l a c e  t h a t  s e l l  r i g  Bo. 4 would a t t empt  

t o  d r i l l  f o r  water.  



A number of s p r i n g s  have been developed i n  

t h e  Eopi c o u n t r y  d u r i n g  t h e  rear  and t h e  fo l lovr ing  

d e s c r i p t i o n  of a few of them w i l l  g ive an i d e a  o f  t h e  

c l a s s  of work b e i n g  done. There i s  a l s o  inc luded  

i n  t h i s  r e p o r t ,  drawings 02  t h e  method of development 

o f  some 8 o r  10 s p r i n g s .  Some of t h e s e  were developed 

last year and some p rev ious  t o  t h i s ,  bu t  a l l  o f  t h e  

s p r i n g s  a r e  developed i n  the  same manner. 

Honana S p r i n g  i s  abou t  1 7  m i l e s  s o u t h  o f  O r a i b i  and 

i s  l o c a t e d  i n  a s a n d  h i l l .  This s p r i n g  was used  by  

t h e  Ind ians  t o  w a t e r  a c o n s i d e r a b l e  number of sheep.  

The sand was d r i f t i n g  over t h e  s p r i n g  

and it had a lmoat  becone l o s t .  To deve lop  i t ,  it mas 
I 
i 

n e c e s s a r y  t o  excava te  i n  t h i s  send back t o  s o l i d  forma- 

t i o n .  The w a t e r  d i d  no t  come out  at one p o i n t ,  bu t  

was a s e e p  a l o n g  t h e  edge of t h e  s o l i d  rock  f o r  some 

d i s t a n c e .  A c o l l e c t i o n  box ( so c a l l e d  f o r  want of 

b e t t e r  name) was p u t  where the  t r ick]- i i lg  w a t e r  could 

be c o l l e c t e d  t o g e t h e r , '  made of  s t o n e  and cement x i t h  a 

t i g h t  cover .  A p i p e  l i n e  was l a i d  from t h i s  box f o r  

s d i s t a n c e  of some 200 f e e t  u n t i l  it was c l e a r  o f  t h e  

sand dunes,  and  was de l ivexed  t o  a s t o n e  Oank o r  r e s e r -  





duct  ed t o  24 f e e t  of t r o u g h s  f o r  the c z e  of tile &OD:;, 

There is  e n o t h e r  p ipe  froxi t h i s  r e s e r v o i r  tznlc, dr-.viilg 

t h e  m t e r  f rom t h e  bottom, ;v:llch l e a d s  f o r  a &iet ,cnco 

of abou t  50 f e e t ;  equipped wi th  a g a t e  vnl-ve, so t i m t  

domest ic  watn; c s n  be 'drawn from t h e  agr i i lg  t o  t h e  

miount of a few hundred g a l l o n s  : . ~ i t ! l o ~ ~ t  r ~ z i t i i ? ~  f o r  t i j a  

s p r i n g  alovrlg t o  fill t h e  buclcet. -i;i.le 1;13 i:y~s 

haul  w ~ t c r  f r o m  th i s  sgr ii1.g t o  cone idoreble $is$>-* 
*,. 11 c.: e 

t o  t h e i r  canps, i t  e m b l o s  %her:! t o  f i l l  % ? l a i r  hc.:c.,:oi.s 

3er  hour, 





unreasonable sum of mogey. The Indians  u t i l i z e  

t h i s  water  by p u t t i n g  a s e r i e s  of s m a l l  ea r then  dams 

ac ross  the  Canyon impounding t h e  water *-.ncl mken t h e  

f loods  come and wash out  t h e i r  dams, t h e y  a r e  e a s i l y  

replaced.  Permanent dams would be f i l l e d  ivith s i l t  

by the  f i rs t  f lood.  It i s  thought  t h a t  no th ing  can 

be done wi th  t h i s  s p r i n g  t o  b e t t o r  condi t ions .  The 

es t ima te  f low is  25 g a l l o n s  an  hour. 

LU-US-A-PAS is l o c a t e d  on t h e  f o o t  h i l l s  of t h e  

Black EIountains t h r e e  milos e a s t  of Coyote s p r i n g ,  m d  

i s  at t h e  head of a red  sand stone gu lch ,  cnd i s  a s  1 m l l  

developed a s  can be done f o r  it would take  a l o n g  l i n e  

of pipe and a heavy expense t o  p r o t s c t  t h i s  pipe from 

f l o o d s ,  as t h e  botuom o f  the gulch i s  of s o l i d  s tone .  

The Indians  have a mall r e s e r v o i r  cut  out  o f  t h e  s o l i d  

rock n d  i t s  c a p a c i t y  can be inc reased  by a s m a l l  

e a r t h e n  dam. There i s  no d i f f i c u l t y  i n  the  s t o c k  

g e t t i n g  a t  t h i s  p o i n t  ?ad it is thought t h a t  any money 

a v a i l a b l e  f o r  developlent  norkccan be spen t  where it w i l l .  

do much more good. 

i s  simply a s e e p  i n  the  rock gxtending f o r  40 o r  50 f e e t  

and the water  i s  c o l l a c t e d  below i n  an e a r t h e n  Beservoir  

TES CHIZE s p r i n g  is l o c a t e d  on the  eas t  s i d e  of Black 

Mountains near the  Rough Rock Trading s t o r e .  The spr ing  



A t  p resen t  a  g r e a t  d e a l  of s t o c k  waters  here but  the 

w e l l s  be ing  d r i l l e d  i n  t h e  v a l l e y  below w i l l  reduce 

t h e  n e c e s s i t y  of t h e  uee of t h i s  s p r i n g  pn8 it i s  no t  

thought  advisable  t o  a t  tempt t o  do any th ing  a t  p resen t .  

TO2 A CON s p r i n g  is  l o c a t e d  2 mi les  n o r t h  of Chil-Bhi-bi-to 

and is v e r y  good water .  This  s p r i n g  can be developed 

and it i s  poss ib le  t h a t  the  flow mag be inc reased  or  
I 

r a t h e r  a p o r t i o n  of t h e  flow which i s  now los t  by seepage 

can be conserved. I t s  p resen t  f low i s  es t imated  a t  

1 5  ga l lons  a n  hour. ' 

Data is b e i n g  c o l l e c t e d  concerning t h e  o n t i r e  

r e s e r v a t i o n  a s  r a p i d l y  as poss ib le  t h a t  p lans  f o r  f u t u r e  
a 

work may be mado anti the  work conducted a s  r a p i d l y  a s  

poss ib le .  

Rig  no. 5 has been a t  work i n  the Iheh lo  

g ran t  of I s l e t a  a w i n g  t h e  e n t i r e  year developing a water  

supply  a t  t h a t  v i l l a g e  f o ~  domestic purposes c.nd i n  the 

surrounding country  f o r  both domost i c  and s t o c k  purposes. 

A grea t  d e a l  of d i f f i c u l t y  has been experienced i n  t h i s  

work a s  w i t h  the excep t ion  of one or two w e l l s  a l l  o f  t h e  

ho les  put down have been i n  a country t h a t  has been a t  

sorue time coverea wi th  a lava f low, end t h e  a-r i l l - in6 has 


