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the land lying under it, and the distributfng system, together 

with an estimate of co&ta, The fo l lowing is a report o f  the 

Bmue. 
' 

The f ~ r o ~ e o t ~  as you alreakv k n o w  from formar reports,  i a  
.. * . . . . . .  . . . . .  , 

' , . I . ,  

, . '  . , . 

t o  -aonstruct a. reservoir about three mfleo frou banado; ~ r i ' a o n a ,  

by inipoundine the waters of the Hio Pueblo Colorado i n  a reaer- 

vo ir  in a flat on the n o r t h  s ide  of the etream, where a omall 

l a k e  now existe, and t o  irrigate land lying a long  the stream 

below frou i t .  

The l and .  The valley Qg thia  strew is, l i k e  moat of 

the valleys in thie r e g i a n ,  long and narrow. Tho ir.rigible land 

aomienoos almost st the  ronarvoiy ,  and extend8 down the rstream 

for at l e a a t  40 it~ll.es, ECI the &reg available is only l i m i t e d  t o  

the eupply of water and t h e  cost of the  distributing syetem. 

The elevation is about 6100 fect, and the land m d  cli- 

matt? adapt8 it t o  the c ! . ~ l t i v a t i o n  of corn, alfalfa, wheat and 



, - . . In a r epo r t  by Superintendent  Nartin, dated ipebruciry 18 

of this year, he covers interviews with a number of persons 

fully iamiliar w i t h  the stream, and the consensue o f  opinion ie 

that the supply will prove anple. 

, . . - ..: :; ,Late investigations w i t h  the latest maps would indicate 
,, '.: - 

o t r c m  above the reoervoir i8 that the drainage area of this 

about 205 laquare miles .  

The nearest ra infa l l  r 

fiance about 30 m i l e s  d i s t a n t ,  - 

ecordo have been kept at Fort De- 

where the averaae for sovan y e a r s  

- 1897 t o  1903 mas 12.61 inches.  The maxiruum 18.51 and the 
i'), 

minimum 6.52. 

Prior rights. Xr. Hubbell, who owns 160 acres of land under 

this system, and who originally plannec! this reservoir systern, 

has acquired water  right^ from the a t r ea rn  by b u i l d i n g  a d i t c h  

and a o t u a l i y  uaing the water on his land. 

Mr. Hubbell has  proposed  t o  the Indicrn Office t o  meree 
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his rights with that of the Indiane, and If th&'l)apartrrekt w i l l  '. :+ , A) 

. . ... ;. ..I' 
" . r .  >: rn 

oonstruct t h i s  remxvoir ancl d i t c h  eystem, 'he . ail1 . , . . .  . ., ,turn':&er,-,to i'p, 
. I  . >, <.. , ,j: - 

' .  . . , , : : i.5. . . .  

. . ", . . . . . . . . .  . . -, .:, '.. , ,. 
, . . 'L . . 

ditch and guarantee t o  maintain t h o  ' d!tdh5  stam am. hi- ,, .. a diatfinoe ' . [ 
. .  

. " 
t '  o f s f o u r  miles i ; i ' re turn f o r  the  privilege of hour ing  hia water 1. 

i r o n :  the r e e e r v o i r .  IIe d o s e  n o t  a sk  f o r  any.addltionsl water, I 
. * - . a 

C 
i: 

but the bene f i t  he will receive from getting h i s ' , e a t e r  . ,-# l :' from. the 
, . .  . . . . 

. . . . . . .  . - . . . .  . . ;:)&;: , :  _ .  . I  

e 
. . 

i e&vbir  s t  such ltines as he needs it' in'ntaad of bmii the ' [  
stream at  such t i m e s  a6 the water i a  flowing will more t h a n  corn- t 

f 8 .  
peneate him f o r  surrendering h i s  d i t c h  and agreeing t o  the main- r s 

,' 

tenance.  I 
Duty of water. I n  the following, the  dut.y o f  water ~t Ganado ie 

.I ~ S B M G ~  a a  b e i n g  2.5 feett a n d  the o a p a c i t y  of ditches on the 

delivery o f  one oecond foot f o r  each eighty acres. 
. . 

Area of land and quantity o f  w a t e r .  

Plans have been made f o r  u reeervoir dam 20 f e e t  high, 

w i t h  high water at  16 f e e t .  This r e a e r v o i r  w i l l  contain 4438 F. 
aore f e e t  of  water, and aesuruing that it w i l l  be f i l l e d  but onoe 

i t 

d u r i n s  the  y e a r ,  and that the l o w  swuer f l o w  w i l l  be sufficient I 



t o  oompensate for eeepage and evaporation, there  w i l l  be auf- 

f i c i e n t  water t o  oar8 for 1775 aorew of land, > z . . 
. 3  

A ditah has bean surveyed on the esuth s ide  of the ntreem ,r k ,  

oording t o  the number of t imes tho reeervoir can be f i l l e d  dur*: 

ing the year,  aft!; i r r i g a t i o n  m a s o n  opona. There i a  a . - 
ohanoe for a supplemanta1 rooervoir, f o r  future aonnidera$.ion 

I r 

If thought dslsirable, whioh i o  shown on the nap.  

Divereion worke, 

flinoa the plan wao f f r s t  conejdered ,  the c o n d i t i o n s  at the 

divers ion  p o i n t  haa mterial ly changed, and tho ylau and cos t  

rill be aornewhnt incroaosd.  A t  t hn t  t i c i e  the water was f lowing 

over a r ock  bed at  t h e  elevation d o ~ l i r e d  t o  d i v e r t  it, Since 

t h e n ,  t h e  river currant  c u t  into t he  sou th  ( o r  . e a o t )  bank and it 

, . wae found that  the  rock 'bottom war; a ledge, and the  water cut a 

channel down the faae o f  this l edge  t o  about 13 f a c t  below t he  

'top, To d i v e r t  the miter i t  i~ mceanary  t o  throw it hack t o  

t h e  to:, of the rock.  A r o c k - f i l l  c r i h  d m  i~ p r o p o s e d ,  which 

w i l l  be carried t o  an c l c v n t i o i l  7 f e e t  above the t o p  of the 

rock,  T h i n  d m  t o  r e a t  on p i l i n g  driven in the bottom, t o  bed 

rock or t o  a f i r m  bear ing .  On the u p a t r e a m  side an e a r t h  f i l l ,  



The north-east abutment to be a concre te  wall .  
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On. the other end + 

5 
1. 
rn 

an earth dyke w i l l  be an extension of the dun. z . > -i - 
Por the divereion of-fiveF'water, B l i p  of c o n c r e t e  will be * P I .!* > . I- 

foo t  deep tho Ciocharge will be 27.8 eacond feet',:%., 1.59. 'Itffo ' 

feet deep, dischnrga 95.7 second f e o t ,  v. 2.52. Threo f e e t  

deep, ditcharg; 198.0 second f e e t ,  v. 3.22. ~ n & l d  t h e r e  be a 

still l a r g e r  diecharge of the a t r e a m ,  the canal could carry  i t  

as it is i n  ~b through cut .  Where tho canal .  discllrargea i n t o  tho 
-1, ' mash 

r e s e r v o i r  it vei l1  be nece~jsary t o  pave the slope to and 
4 

retrogressim of grade. Supt. U a r t i n  8ue;gesta a c a n a l  with a 

capacity of 200 second f e o t ,  but f a i l o  to i n d i c a t e  the depth of 

water. It might be advisable t o  incroaae the w id th  o.f tho ditoh 

t o  secure a greater capacity at less dcptha ,  

The headgate t o  be e n t i r e l y  of concrete,  r e i n f o r o e d  where 

neceesary, with four openings, four f e e t  In the cle@ with wood- 

en eutos, raised by mean8 o f  the V'ulcan Iron Worke b a l l  bear ing  

l i f t e ,  and aleo provided with groove8 for  flash boards outside 

of the gates to control the entrance of sand and eilt during 

f l o o d o ,  only drawing from the surface water if thought  b e a t ,  see 

p l a n .  
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. . .  a ,  . 
.' :" ., . ' . : % .  . .'.,The earth . itr t o  be p l a c e d  with ecrapere, after t h e  diver- 

. . 

s ion ,  d m  andl canal i s  c o u p l e t e d ,  and r r i l l  be oonstructed in t h e  

fo l lowing  mnner. F i r s t   aref fully c lear  and p l o w  the ground, 

excavating a t r e n c h  two t h r e e  replaaing t h e  e a r t h  

with water t o  thoroughlyl:puddle I t .  The earth to be t aken  from , 

the inalde of the reservoir, l eav ing  not l e s s  t h a n  20 f e o t  as a 

berm. A smll r i d e e  is t o  be . throxn up at; the toe of each slope 

and the water  from the  canal is l e d  between them, f i l l i n g  the 

deprese ian .  The earth f i l l  is then mado, dumping tho m a t e r i a l  

i n t o  the water o o  it will thoroughly puddle. The outside ridge 

l a  t h e n  crar r ied  up t o  a h ighe r  e l eva tkon  and the praceos rc- 

p e a t e d  u n t i l  the t o p  o f  the f i l l  is reached.  

The waute wax, No w a t e r  i o  su_nposed t o  e n t e r  the r e e o r v o i r  ex- 

oept  i n g  through the canal, but t o  avoid  a c c i d e n t s ,  and t o  care 

l o r  any  r a i n f a l l  ? . I  the f e w  acrae ~ h i c h  f o r m  the dr!~inaf :e  i n t o  
. . . .  

the r e e e r v o l r ,  it w i l l  be naceoeary t o  c o n s t r u c t  soue k i n d  of a 
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4 wasteway. There is a low aaddls between this f lat and the next g, . . 

It I .  z 
D one down the  atream, T h i s  ~ e c o n d  f lat  is the  oecond proposed 2, 

. . . . 

reaervcir s i t e .  By c u t t i n g  a canal 10 f e e t  wide through the . . ,; r 
. . . . . .  

, - .: 1, . . .  
. ~, . ,  . 

I , : 2' 
. . . . .  . . . . .  i 

saddle, a diatapca , . . . . . .  of a11out'~'.~840 feet ,  , .,!.,,. with . , : . :  k,'-bum, . . . &t ;a .:.,.:; !gf..,i::;: :.:.,: :..- ....... ...... !z .- < 
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4 Reservoir Outlet, - ..I 
il 

c 
1 

Bor tho disahar,~e from the reoervoir i t  is propmmd t o  use  : 

t w i n  discharge  pPpes, 12w in  dimetier, With the reeervoir M1 

each pipe w i l l  have a' discharge of about 17 aeaond feet. 
:.::::.:;:; ....... 

The g a t e s  of t h e s e  dlacQ8rge p i p e s  will be operated from 
/ '1 

.I{ a light steel tower,  The plans cuegest one of the Aermotor 

Trussed Tripod Tower.  Them a r e  $he three legged towers  built .. 

f o r  14' wind m i l l s .  , Secure .one o f  the 30 foot towers, and use 

only the lowur 20 f e e t .  This w i l l  . g i v e  a t r i a n g u l a r  top 8 l i t t B  ' 

over th rec  f e c t  on a aide upon'. a h i c h  t o  res t  the end o f  the 

wooden f o o t  bridge connec t ing  with the top  of the bahk. To the 

top of this tower w i l l  l e a d  .the valve stems, operated by a ria-). :, 

ing  scrow. The diecharge pipe. w i l l  not be placed in the bank, ; 

but at the end, a n d  In e x o a v a t i o n  in  the hill side. 

Distributing 8yLtem. 

The d i t c h  system I s  planned t o  carry 2 2  eecond f e c t  f rom 



Rstima.t;cs), 

Labor. Praatically all of the l a b o r  w i l l  he done by llavajo 
LI 

Indiana. The Indiana aye very anxious for t h o  xork t o  bo done 

and  I do n o t  a n t i c i p a t e  much d i f 2 i c u l t y  i n  g e t t i n g  a l l o f  the men 

needed. Mr. Hubbell. is perlicrpo t h e  uloat influential m n  on the 

e n t i r e  Navajo reeervation, and he prolilines that  he w i l l  pereo- 

ncrlly see that we have p l e n t y  of l a b o r e r s ,  

CV-64 1 7-20 1 NN007731 



Eetimates of C o a t .  

. :.*- 

Broken Stone, break in^ and hindi ing per cu. yd. $1.10 
Stone for paving, l a i d  (not hand placed) SSc. eq.  yd. 
Stee l  flume, ~rstemay. NO. 60. . TOP ~ i a n .  3 -18' 

area 3.97' sq. f t .  Wt. p e r  ft. 10.5 lbs .  Price 
at fautory per It. $1.00 (sst'imated o o s t  at 

' ,  Gallup $1.40 per ft. 
Concrete in place from $15, t,o $20, per cu. yd. 
Driving 12' p i l e a ,  each $1.50 * 

Gate L i f t s  for Diversion Gates @8. each in Chicago. 
Gates f o r  discharge pipee with ateno $61. f o r  two del ivered.  
S t e e l  tower ,  30' high (at Albuquerque) $33. ,  $57. and $63. 

. .  . I . _:_ . ( 

. : , . ( 
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3fatImatea- Oanado Projeot.  
Diversion Sect  ion, 

. Dam, 

- .. . I. 
. . . . 

1 .  

... , . ~ o n c r e t e ,  Wall at end of crib,.  diversion weir 
and w a l l  along edge of rock break, at\ 
right angles to dam. 

13.8 cu. yda. of concrete a t  15.$20'74 
! 4.5 u I I) w 20.. 90. 

I 

. . 
Slope paving. 

...... ........ . . 
, . ,  

Between, head gates and stream. 
,. <. - . ' ?200squerrefeet . .ofpaving(800sq,yds. )  

at 550. per sq. E- 440.00 
I slope dressing 140.00 

Conorete i n  gates proper, 
16.69 CU.YCLEI, at 15. 250.35 - 7 

@oncret%~~in'wfng SalU, 
each 10' long-? yds. at 15. 10 00 

Reinforcing, l5O# at sh. k 2 5  
Gates  and lif,ts, 4 ball bearing lifts 

150 f t . lumber at 2 0 ,  
hardware 

Lumber f o r  f o x n ~ s ,  t o  be ueed afterward8 
for floor of .,Bltidge e t c ,  

500 f t ,  at 20, p e r  K. 
Carpenter work 
Placing l i f t s ,  and ex tra  labor - - 

contingencies e e t  imated 



outlet from Reeervoir.  
Plan w i t h  skeleton tower, 
-in out le t  pipee- 12" 'd im. ars per p l u s  
60 f t . between portals- 

2 - 12* gater, complete with sterna 
1 - trussed s t e e l  w i n d m i l l  t o w e r ,  (Aermotor 

type) 20 f e c t  high - 
Foundations for tower, 

.... .-..: . . .  . . Boot bridge 
- ,  , . 

rs 

Reservoir waste way. 
By cut over div ide  

. . . .  ...... ............. .............. . . . . . .  . . .  
Ditch 10' base 1&:1, 1840 it. long 

. . .  . . Contents - 3.796 cu. yda. a t  25c. 
EGasonry l i p  from reeervoir, 

Xiistributing System. 
1st s e c t i o n  - Sta, 0 to 99 
Excavation, earth 1537 cue yds. at 25c. 

loose rock, 7217 au. yds. at 4Oc. 
1 headgate, la teral .  
1 flume, 1.6' long 
1 flume, 250' long 
2 aono4ete drops, 10' high at 419.35 
1 combination 10' drop and divis ion eate 



Bxcavation, earth, 1315 cue yda. at 250. 
Looae r ock  567 ou. yde, at 400. 

1 

2 flumes 608 and 24' 377.e4.4 

1 10' drop 
1 . . .  1.. :.. .- ..... .. 

l o c a t  i o n  n o t  spec if led.  

3 under drainage culverts 

3 lateral headgate s  at 105. 

3 highway brid'ges 



-13- 

Reoapitulation. 

I Diversion. z 

Crib. dam aomplete, 
. ,. 

;- ~ o n p r e t e  at head, , . 

, Engineering and contingencies 20% 
Tota l  

Section 1. Sta. 0 t o  99. 
.. , .' Gaof ion 2. - .  Hubbell d1tch~:ieij.t ion 
. . I . ' .  

Section 3.  Sta.  204 t o  273 
A 1 , p 3 4  

~iauellaneoua 

Engineering and contingencies,  20% 
Total 

Total,  Diversion and Distributing System - -. 

i 1.. Exteneions n o t  surveyed, e~timated 

Total mount stored,  one f i l l i n g  of  reservo ir ,  4438 aore f e e t .  

Total area under surveyod area and proylosed 
immediate extensions, 1587 acres. 

Aroa estimated stored water will care f o r ,  1775 acres 

Cost per aure aerved, Storage, 825.25 per acre 

Cost per a c r e  for diversion system for 
1587 acres,  $9.60 per acre 
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. List of Structures on Diatributine 

. . .  . . .  . . ......... . .  ~ . . . . 

. '. . . 
I , '  . . . . 

. . . .  . .  
by ditch, -16' 'flume, 

... . . . . 
. A  

. . 
.. 'd 

.(. . . . . . . -;I. . . .  
a drop, 10'- . . a  

. . . I.., 

Drop.: 20' :- . .? , d; ,  . . . .  . . . .  ..... . .  - .  < .  . 
: ..* . . . .  Oombination drop and gate 
. <, . . nut? . ,  250' . .  .: . . . . . . .  . .  . . . .  ..* i:..... . . .  . . .  ' . I. , . . , . . . . . . 

. . ... . . .... 
. . . . . . % . L  .... , . . . . .  . . :,:t ". . . .#  . .................... . . . .  . . .. 

I ,.,. :.:.:::::::::::::: p..........,. ':. :. . ... ................ 3 :  - ;.,. . . .  .L.'. ..>' :+. ;$.$+, :.y 
. .  ..- . . . . . . .  ..;... ~. . . .  . . ater,'b;fl&ge in) .-;,;'.;;:. 

I . . .  
.. 

~SmaJ.1 overhead ilwne 
Blume now in.' Will need new ;' 

I waterway, and short under- 
I pinning. The present sub- 

structure w i l l  do, See photo. 

. a 43t30 
74 ' 
8mall overhead flume 

I H , 54 Headgate 
E 48 6rnall overhead flume 

I ..... ;,,:,:::- ..... 8 57 I a 
. . 

w 

I H 61 . Lateral headgate 
E 101-50 Plums 100' 

Seotion 3, 

232 Flume 60' 
273f 50 Flune 24l 
243 Dr op 10 ' 

b!imellaneous.  Looation not specified. 

3 highway bridges 

3 l a t e r a l  headgates 



2000 a w e s  of Zsnd a8 far as b u i l t ,  and the following estimates t 1 

I: . .  

... of . coat  . . .  of .. . Irr2;erol . . ex'teneions hnrr been made without d e t a i l e d ' . - .  . . . . 

! 1 surveys, l a t e r a l  f r o m  end of survey, cost a b o u t  $200. cover 80 

acre8 o f  land. Fron t h e  d i v i a i o n  gate at S t a .  91, a di t ch  is t o  1. ; . . . , . ; . . . , . . [:::.:.:.:.:.::::: ' . . . _  
i be oarried f o r  a distance of about fo'ur miles  on north a i d e  of 
i L' 

t. 

atream, a t  an  eet imated coot o f  $800 per  m i l e .  Land covered, 

about 800 acres. These t w o  extensions w i l l  c o s t  about $3400, t 
f 

! 1. : b and oover 880 acres o f  'land. This w i l l  make t he  t o t a l  cost  of 
I 
1 distributing system, $15,208.; and the area under ditch, 1587 

acres, or a c o s t  of $9.60 per a o r e ,  Further ex tens ion~ , .~can  be 

made at  a reasonable c o s t ,  and a d d i t i o n a l  land can be brought 

under the systom, 
i 
j + The eet imates are a l l  on t h e  beat  of construction. Prac- 

tically all of the structuree are o f  conme te ,  tho flumes are 



s t e e l  water ways on wooden t r e a t l e e  r e e t i n g  on c o n d r e t e  p i e r a  3 
4 
I 
rn 

or on p i l i n g ,  whi.ahever l a ,  b e t t e r  su i ted  t o  that particular ' I T  Z*  

31 
point; all gates steel a c r e s  ga te  lifts, the-lateral he&- ,a,* $1 2 

f o r  a f i r s t  class ayatom. 
\ 

Extension. 

There i s  a furthcr extens ion  of the work whioh can be 

done. That I s ,  t o  bul ld  sone kind of a d i v e r s i o n  dam i n  the 
I 

stream at the head o f  the Hubbe11 ~ i t ~ h ,  and place headgatee 

there for the purpoae of d i ~ e r t i n g  f l o o d  waters which may come 

down i n  excess of the m ~ o u n t  d i v e r t e d  i n t o  the r e s e r v o i r ,  o r  

when it is uarrying too much ~ i l t  f o r   tora ago. 

A t  t h e  head o f  this d i t c h  thore  i a  no b e d r o c k  within rea-  

 ona able d i s t a n c e ,  cmd i t  ie probable that a r o c k - f i l l  arib, 

resting on p i l e n ,  with a good apron,  o r  a rock  and brueh ,dam are 

the o n l y  one6 morth conoidering f o r  the  p r e s e n t .  A f t e r  a large 

area is put under c u l t i v a t i o n  and the  value o f  t he  water is 

g r e a t e r ,  i t  might be worth while t o  p u t  i n  a dam o f  the type ex- 

ploi toc!  by  the Ambursen Hydraulic Co., the hollow concrete  dam. 

No plans o r  e o t h a t e s  have been made o f  t h i e .  



C ' 

.'.'- ". 
1 .:i . . :,?;:, -17- 

. ,,:$ .. ,. 
?. . , ... 

' ),? Pnroharse o f  hIaohinery, It w i l l  bo necsosery t o  purohase and 
.. t 

1 .. 
2 '  . . , i n e t a l l  e por tab le  rook aruaher, wlth power, t o  furnish. thn b r o -  .*  -. ..... 
p , 

- .:+.. ..... : 
.( 4 ' '  

.. ......;. ... ,,!.. $j . ken rook for tho slopes of  tho dyke,. In mgking my estlmateo 

within a ahort d i s t r r n o e  of the reierroir than was contemplated, h:r . : +,f 
2'. 

a .- and the est imates  are somewhat higher t h a n  was r epo r t ed  by Mr. 
: I  

3;. .:i.. Hubbell as the finding of hi8 eneinaer ; but- t h e  w o r k  I s  t h e  b e s t  
7 

a ,. that oan be devjsad, and the d i f f e r e n o c  i n  the  qua l l ty  o f  t he  
5 

work and the  s t r u c t u r e s  will largely account  f o r  the d i f f e r e n c e .  
. I* 

The r e s u l t i n g  c o s t  of $35 per acre f o r  storage and diversion 

I I s  r easonab le ,  and i n  view o f  ths s h o r t a g e  of water on the on- 

t i r e  Navajo 2 e s e r v a t i o n ,  and I t s  value vihen developed,  X uon- 

wider that the p r o j e c t  is of s u f f i c l c n t  n o r i t  t o  w a r r a n t  oon- 

struction. 

Vory respectful ly ,  

~ u ~ e r i n t e n d e n t  o f  I r r i g a t i o n .  




