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Report on - 
r'Ganado P r o j e c t .  
1 .  

C DEPARTMENT OF THE INTERIOR 
U N I T E D  STATES I N D I A N  I R R I G A T I O N  S E R V I C E  

SUPERINTENDENT OF IRRIGATION Albuquerque, 17. !,F, 

October 1 5 ,  l 5 ) l O .  

Chief Engineer,  

526 Federa l  Bldg. , 
Los Angeles, C a l .  . 

. . . . . . . . .  . . . . .  
Dear Si r :  

I n  a ~ ~ ~ r d a l l ~ e  w i t h  i n s i r u c t i o n s ,  I have had a survey 

made of the  proposed r e s e r v o i r  s i t e  near  Ganado, a p o r t i o n  of 

the l a n d  lying under i t ,  and t h e  d i s t r i b u t i n g  systeia, together  

w i t 3  a n  es t imate  of c o s t s .  The fo l lovr ing  i s  a r e p o r t  of the 

The p a e c t ,  as you a l ready know f r o m  former r e p o r t s ,  i s  

t o  c o n s t r u c t  a  r e s e r v o i r  about three  mi les  f rou  Ganado, Arizona, 

by iwound ing  t h e  n a t e r s  o f  t he  R i o  Pueblo Colorado i n  a rese r -  

v o i r  i n  a f l a t  on the ylorth s i d e  o f  t he  s t ream, where a smll 

lake now e x i s t s ,  and t o  i r r i g a t e  l a n d  l y i n g  a long the  s t r e a n  

below f r o u  i t ,  L. 

Tie land. The v a l l e y  of t h i s  s t ream i s ,  l i k e  most o f  

the valleys in th i s  region ,  l o n g  and narrow. The i r r i g i b l e  land 

comiences ahlost a t .  the r e s e r v o i r ,  a n d  extends down the s t r e a m  
C 

f o r  at l e a s t  40 a ~ i l e s ,  s o  the a r e a  a v a i l a b l e  i s  only l i m i t e d  t o  

the supply o f  water  and the  c o s t  o f  the d i s t r i b u t i n g  s ~ s t e m .  

The e leva t ion  i s  about 6100 f e e t ,  and the land and c l i - r  .... . . 

. . . . . . . . .  . . . .  nate adap t s  it t o  the c u l t i v a t i o n ' o f  corn ,  a l f a l f a ,  wheat and. :,., . .  ..... 
9 

, . . '. .> : '- . . . . .  . . . . . . . . . . . .  , . . . .  . . . . . . . . . .  ? . . .  . . . . . . .  . , , ,,. ~. , . ! , . 
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o t h e r  crops o f  the ternperate zone. 

, The l and  i s  a l l  i n  the  Navajo Reservat ion,  i n  a p a r t  s e t  

a s i d e  by Executive Order, and i s  not  a pa r t  of the t r e a t y  l a n d s .  

!. . It i s  a l l  occvlpied by the Indians  with the except ion of 160 

a c r e s  of land belonging t o  M r .  J. L. Hubbel l ,  and a small  t r a c t  

s e t  a s i d e  f o r  lilissian uncier the charge of t h e  Rev. C .  H. B ie r -  

lieinper. . 

Water a v a i l a b l e .  No d e f i n i t e  staterfient can be  ~ a d e  of the 

mount  of water a v a i l a b l e .  I n r e s t i g ~ z t  i o n s  would i n d i c a t e ,  how- 

eve r ,  t ha t  t 3 e  supply i s  anple  f o r  the proposed p r o j e c t .  . :  . 
r . .  

I n  a r e y o r t  by Superintendent  Wart in ,  da ted  February 18 

of t h i s  year ,  he covers i n t e r v i e w s  w i t h  a number of  persons 

f u l l y  f a m i l i a r  with the s t ream, a n d  t h e  consensus of opinion is 

t h a t  t h e  su-pply w i l l  prove auple .  

Late i n v e s t i g a t i o n s  w i t h  the l a t e s t  mays wou.ld i n d i c a t e  

* that t h e  drainage a rea  of t h i s  s t ream above the r e s e r v o i r  i s  

about 205 square n i l e s ,  

The n e a r e s t  r a i n f a l l  records  have been k e p t  a t  F o r t  De-  

f i a n c e  about  30 miles  d i s t a n i ,  %-here the  averege f o r  seven y e a r s  
- .  

!. .- 1897 t o  1903 m a s  12.61 inches.  The maximun 18.51 and t h e  

minimum 6.52. 
I 

P r i o r  r i g h t s .  Mr. Hubbell ,  who oms 160 a c r e s  of land und.er 1 

b t h i s  system, and who o r i g i n a l l y  planned t h i s  r e s e r v o i r  systeul, 

has  acqui red  water  r i g h t s  f r o u  the  s t r e a m  by  b u i l d i n g  a d i t c h -  

and actually using the  water  on h i s  land. 

EP. Hubbell has proposed t o  the I n d i a n  O f f i c e  t o  merge 
.. . 

r 
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h i s  r i g h t s  w i t h  t h a t  of the I n d i a n s ,  and if .the 

. c o n s t r u c t ,  t h i s  r e s e r v o i r  and d i t c h  system, he w 

Departu~ent w i l l  I 
ill t u r n  over t o  I 

t h e  Department h i s  d i t c h ,  w i t h  a  l e n g t h  of about 2* m i l e s ,  and, \ 
t o  quote a l e t t e r  from him: 

n w i l l  p a r a n t e e  t h a t  t h e  d i t c h  w i l l  be cleaned t o  f o u r  
lni les  from the r e s e r v o i r ,  and kept i n  c m d i t i a n  t o  run  the water 
except  where flumes o r  headg6tes a r e  destroyed by f l o o d s .  

I n  malcin,~ t h i s  agreeliient with you, I consider  t h a t  a t  
t h e  p r e s e n t  time I have t o  do i t  t a  get  water t o  my p l a c e ,  and 
t h e  k e e t i n g  it i n  r e i j a i r  f o r  tc.0 ~ ~ i i e s  more w i l l  be o n l y  a very j 
small expense t o  me i n  case t h e  I n a i m s  f a i l  t o  do i t .  The bene; 
fits accruing  t o  t h i s  comnlnity, monld ;.-.ore t h a n  o f f s e t  the  , 
l i t t l e  expense I would have. In  o t h e r  words I have p e r f e c t  
f a i t h  t h a t  the Indians  in t h i s  c o n u n i t y  m i l l  use  the mater,  and/ 
would not want Government h e l p  except in  e x t r a o r d i n a r y  cases of 
d e s t r u c t i o n  by f loods  of f lu t ies  and headgzites." 

I n  o the r  words, Er. Hubhell p r q o s e s  t a  turn over h i s  

d i t c h  and guarantee t o  iliaintain t h e  d i t c h  system f o r  a d i s t ance  

of four  mi les  i n  r e t u r n  f o r  t h e  p r i v i l e g e  o f  s ecur ing  h i s  water 

 fro^ the r e s e r v o i r .  He does n0.t ask f o r  any a d d i t i o n a l  wa te r ,  

but  the b e n e f i t  he w i l l  r ece ive  from g e t t i n g  his  water  f r o n  t h e  

r e s e r v o i r  a t  such t imes  a s  he needs i t  i n s t e a d  of frol:i t h e  

atream a t  such t imes as the  water i s  flowing w i l l  more than corn- 

pensa te  him f o r  sur render ing  h i s  d i t c h  and agree ing  t o  t h e  min- 

tenance, 

,Duty of water. I n  t h e  following,.  t h e  duty  of water a t  Ganado i s  

assumed as being  2.5 f e e t ,  and the  capac i ty  of d i t c h e s  on t h e  

d e l i v e r y  of one second f o o t  f o r  each e i g h t y  a c r e s .  

c Area  of l a n d  - .  and q u a n t i t y  of water. 

. . Plans have been made f o r  a r e s e r v o i r  d m  20 f e e t  h i g h ,  

w i t h  h igh  water  a t  1.6 f e e t .  This r e s e r v o i r  will conttt in 4438 

acre f e e t  of water ,  a n d  assuming that  it will be f i l l e d  b u t  once 

dur ing  t h e  year, and t h a t  t h e  low s m e r  f low w i l l  be s u f f i c i e n t  ';' 



f i c i e n t  water t o  c a r e  f o r  1775 a c r e s  of land. 

A d i t c h  has been surveyed on t h e  sout3 s ide  of t h e  s t ream 

f o r  a d i s t ance  of 27,400 f e e t ,  ( 5  and 1/5 m i l e s ) ,  which mill 
. .'- 

cover 707 a c r e s  o f  good land.  A s h o r t  extension w i l l  cover  an 

a d d i t i o n a l  75 o r  80 a c r e s .  A l i n e  c a r r i e d  down on the n o r t h  

s i d e  of the r i v e r  f r o m  S t a ,  9 1  f o r  a d i s t a n c e  of about f o u r  

m i l e s  w i l l  cover n o t  l e s s  than 800 a c r e s ,  o r  a t o t a l .  of about 

1600 e c r e s  o f  land, Pur the r  e x t e n s i m s  can be nade a s  found ad- 

vantageous, t o  t he  l i m i t  of t h e  water supply, vkich will be ac-  

cording  t o  the n~xlber  of times the  r e s e r v a i r  can be f i l l e d  dur':; 

ing t h e  yea r ,  a f t e r  t h e  i r r i g a t i o n  season opens. There i s  a 

chance f o r  a supplemental r e s e r v o i r ,  f o r  f u t u r e  cons ide ra t ion  

i f  thought d e s i r a b l e ,  which  i s  shovm on the nap. 

Diversion works. 

d ive r s ion  p o i n t  h a s  m t e r i a l l y  changed, and the  p l a n  and cos t  

w i l l  be  soraevht  increased.  A t  t h a t  t ime t h e  water  was f lowing 

over a rock bed a t  the e l e v a t i o n  a e s i r e d  t o  d i v e r t  it.  Since 

then,  the r i v e r  c u r r e n t  c u t  i n t o  the south  ( o r  e a s t )  bank and i t  

was found t h a t  t h e  rock bottbln was a l edge ,  and t h e  water cu t  a 

top. To d i v e r t  the water  i t  i s  necessary  t o  throw it back t o  

the t o p  'of t h e  rock. A rock-f 111 c r i b  dam i s  proposed, s h i c h  

w i l l  be c a r r i e d  t o  an e l e v a t i o n  7 f e e t  above t h e  t o p  of the  

CV-64 1 7-20 1 NN008851 
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The north-east  abutment t o  be  a concrete  cal l .  On the other  end 

an e a r t h  dyke w i l l  be an extension of the dam. 

For the  d i v e r s i o n  of t h e  wzter ,  a 3.19 o f  c o n k e t e  m i l l  b e  

b u i l t  a c r o s s  the  rock as a con t inua t ion  o f  the d m .  This  w i l l  
.C - 

be only h i g h  enough t o  l e v e l  up the  rock, being f r o u  nothing t o  

a l i t t l e  over a f o o t ,  i n  a depress ion .  (See p l a n s  and map) 

The Diversion c a n a l  w i l l  head oppos i te  t h e  end o f  t h i s  

l i p .  The canal  w i l l  be  b u i l t  on a grad.e o f  5.28' t o  t h e  & i l e ,  

16  f e e t  on tkp. s .  . bottom, s ide  s l o p e s  13 t o  1. The bottom of t h e  
, " .  

gate w i l l  be 1 f t .  below top of d ive r s ion  l i p .  With cater one 

f o o t  deep the  d i scharge  w i l l  b e  27.8 second f e e t ,  v. 1.59. Two 

f e e t  deep, discharge 95.7 second f e e t ,  v. 2.52, Three f e e t  

deep, disclmrge 198.0 second f e e t ,  v.  3.22. Should t h e r e  be a 

s t i l l  l a r g e r  d ischarge  of . t h e  stream, the canal  c o ~ l d  c a r r y  it 

as i t .  is  i n  a through cu t .  Where t h e  cana l  d i s c h a r s e s  i n t o  t h e  
wesh 

r e s e r v o i r  i t  w i l l  be necessayy t o  pave the s lope  t o  preyent,and 

r e t r o g r e s s i o n  of grade.  Supt. I f a r t i n  sugees ts  a cana l  with s 

c a 2 a c i t y  of 200 second f e e t ,  b u t  f a i l s  t o  i n d i c a t e  t h e  depth of 

water.  It niight be a d v i s a b l e  t o  increase  the  width  o f  the  d i t c h  

t o  secure a g r e a t e r  c a p a c i t y  at  l e s s  depths ,  

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

necessary,  with four  openings,  four  f e e t  i n  t h e  c l e a r  wi th  wood- 
. . 

en g a t e s ,  r a i s e d  by means of t h e  Vulcan I r o g  Works ha.12. b e a r i n g  . . .  C 

l i f t s ,  and nlso provided with grooves f o r  f l a s h  boards outs ide  

of the  g a t e s  t o  c o n t r o l  the en t rance  of sand and s i l t  during 

f l o a d s ,  only  drawing f roi t h e  su r face  water  if thought b e s t ,  (see 

planJ J 

- - -  



S t o r a g e  Works. - Dam. 

The, d m  t o  f o r u  the  stors;ge r e s e r v o i r  i s  t o  be  an e a r t h  

ernbankuent, w i t h  a rnajcirnum h e i g h t  of 20 f e e t ,  a wid th  on t o p  of 

s ix f e e t ,  i n s i d e  s lopes  23 t o  1, o u t e r  s l o p e s  2 t o  1. It i s  t o  

be covered w i t h  one f o o t  of broken s t o n e  on bo th  t h e  i n n e r  and 

o u t e r  s l o p e s  as a p r o t e c t i o n  a g a i n s t  t h e  workings of gol3hers and 

o t h e r  burrowing an imals ,  and c m e r e d  w i t h  l a r g e r  roc;: on t h e  

n a t c r  s i d e  i n  the  shape of rough s lo?e  pav ing ,  t o  c a r e  f o r  t h e  

w a t e r  a c t i m .  The h i l l s  on bo21 s i d e s  o f  t h e  r e s e r v o i r  a re  

covered  w i t h  rock - ( s e e  p h o t o s ) .  

The e a r t h  is t o  be p l aced  x i t h  s c ~ a p e r r ; ,  a f t e r  the d i v e r -  

s i o n  dan and c a n a l  i s  c ~ i i p l e t ~ e d ,  and v : i l l  b e  oons t ruc t ed  i n  t h e  

fo l lov i ing  mannar. F i r s t  c a r e f u l l y  c l e a r  and  glow t h e  ground,  

excava t ing  a t r e n c h  two o r  t h r e e  f e e t ,  deep,  r e p l a o i n g  the  e a r t h  

with wbter  t o  thorough1;lt .puddle i t .  The e n r t h  t o  be  taken f rou- .  

the  i n s i d e  of t h e  r e s e r v o i r ,  l e a v i n g  n o t  l e s s  than 20 f e e t  as a 

berm. A small r i d g e  is t o - b e  t h r o n  ;ip at  t h e  t oe  of eacll s l o p e  

and t h e  w a t e r  from the c a n a l  i s  l e d  betweell them, f i l l i n g  t h e  
1 

depres s ion .  The e a r t h  fill is  then  x a d e ,  d u p i n g  t h e  p i a t e r i a l  

i n t o  t h e  w a t e r  s o  it w i l l  thoroughly puddle .  The o u t s i d e  r i d g e  

i s  t h e n  c a r r i e d  up  t o  a h i g h e r  e l e v a t i o i i  and  tke  p r o c e s s  r e -  

p e a t e d  u n t i l  the  t o p  of t h e  f i l l  i s  resched .  

The waste wax. No water  i s  supposed t o  e n t e r  t he  r e s e r v o i r  ex- 

. c ep t ing  th rough  t h e  c a n a l ,  b u t  t o  a v o i d  a c c i d e n t s ,  and t o  c a r e  

f o r  any r a i n f a l l  i n  t h e  f e w . a c r e s  which f o r m  the  dra inage  i n t o  

t he  r e s e r v o i r ,  it w i l l  be  neces sa ry  t o  c o n s t r u c t  sone k ind  p f  a 
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wasteway. There i s  a lovf s a d d l e  between t h i s  f l a t  and  the  next 

. one down . t h e  stream. This second f l a t  is the second proposed  

r e s e r v o i r  s i t e .  By c u t t i n g  a c a n a l  1 0  f e e t  wide th rouch  t h e  

s a d d l e ,  a d i s t a n c e  of about 1840 f e e t ,  w i t h  a naximwn c u t  of  

3.5 f e e t  a good ~ a s t e w a y  w i l l  be s ecu red  which w i l l  c a r r y  f r o u  

17 second f e e t  at 1 f o o t  d e p t h  t o  136 second f e e t  a t  t h r e e  f e e t  

i n  dep th ,  the  g rade  t o  be 2 f e e t  i n  1800. 

Should the second r e s e r v o i r  e v e r  be  cons t ruc t ed  t h i s  vould 

b e  used as the f e e d e r  for it. A masonry  l i p  a t  the head of t h e  

d i t c h  should  b e  provided t o  p reven t  weshine;, 

R e s e r v o i r  Outlet , 

For  the d i s c h a r g e  f r o u  the  r e s e r v o i r  it i s  pro l~osed  t o  use 

t w i n  d i s cha rge  p i p e s ,  d iamete r ,  With r e s e r v o i r  f u l l  

each w i l l  have a discharge  of  about 17 second f e e t .  

The g a t e s  of t h e s e  d: ischarge p i p e s  mill be  opera ted  fro13 

a l i g h t  s t e e l  t ove r .  The p l a n s  s u g ~ c t i l  one o f  the A e r m t o r  

Trussed  Tripod Tower. These a r e  t h e  t h r e e  l egged  towers  b u i l t  

f o r  14 '  w i n d n i l l s .  Secure one of t he  30 f o o t  towers ,  and use 

only t h e  lower 20 feet. This will give  a t r i a n g u l a r  t o p  a l i t t L  

over t h ree  f e e t  on a s ide  upon which t o  r e s t  t h e  end of the  

wooden f o o t  b r i d g e  c o n n e c t i n g  with the  t o p  o f  t h e  bank. To t h e  

t op  o f  t h i s  tower w i l l  l e a d  the  va lve  s t ens ,  ope ra t ed  by a r is+ 

ing screw. The discharge p i p e s  w i l l  n o t  be p l a c e d  i n  the  bank;, 

but  at the end,  and i n  excava t ion  i n  t h e  h i 1 1  s ide .  

D i o t r i b u t  i n S y $ t e r n .  

The d i t c h  syfitem i s  p l anned  t o  c a r r y  22 second f e e t  f r o u  



the r e s e r v o i r  t o  t h e  d i v i s i o n  g a t e s  a t  Sta .  92 where one d i t c h  

w i l l  cont inue down on t h e  nor th  s i d e  of  the s t ream and t h e  o t h e r  

w i l l  c ross  t h e  s t r e a n  t o  cover the  s o u t h  s i d e ,  and will b e  5 

f e e t  on t h e  bottom, ca r ry ing  t h e  water  l h  f e e t  deep. From t h e r e  

it will be narrowed t o  4 fee t  on t h e  b o t t o n ,  when the c a p a c i t y  

w i l l  be 16.5 second f e e t .  A t  S t a t i o n  209 t h e  capaci ty  is  again 

reduceci t o  12.5 second f e e t  and beyond Sta .  275 t h e  v i d t h  w i l l  

be 3 f e e t  and the capac i ty  7.5 t o  8 second f e e t .  

There w i l l  be s e v e r a l  drops of t e n  f e e t  each on t h e  d i t c h  

t o  t a k e  up the  excess ive  f a l l  of t h e  coun t ry ,  and the st rear:.^ 

and ar royos  will be  crossed w i t h  f l u e s ,  the s ~ i b s t r u c t u r e s  be ing  

o f  tiuiber and the  wa*tverway of s t e e l .  (See p1ar.s m d  L i s t  of 

~ t r u c t u r e u )  . 
A t  S t a t i o n  99, connection is made with the Hubhell D i t c h ,  

a s h o r t  d i s t ance  f r o m  i t s  hezd, and cont inue  dovn it t o  about 

S t a t i o z l  200. Thls  d i t c h  will need so rx  r e p a i r s ,  2 n d  t h e  re- 

bu i ld ing  i n  part  of one f l w e  and e n t i r e l y  of another .  (See 

Est  iraates ) , 

Labor. P r a c t i c a l l y  a l l  of t h e  labor w i l l  b e  done by Navajo 
L 

Indians ,  The Indians a r e  v e r y  a n x i o u s  f o r  the work t o  b e  done 

and I do n o t  an t i c i ; z t e  much difficulty i n  g e t t i n g  a l l o f  the men 

needed. ?&re IIubbsI.1 i s  perhaps t h e  most i n f l u e n t i a l  man on t h e  

e n t i r e  Navajo r e s e r v a t i o n ,  and he proudses t h a t  he w i l l  perso- 

nally see  t h a t  we have p lenty  of l a b o r e r s .  
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E s t i m a t e s  o f  Cost.  

The f o l l o w i n g  e s t i m a t e s  o f  c o s t  a r e  ~ z d e  on d i v e r s i o n  

works, s t o r a g e  r e s e r v o i r  with dam a t  a naxilnun~ of 20 f e e t  h i c h ,  

water 1 6  f e e t  deep ,  and d i s t r i b u t i n g  sys tem t o  care f o r  1600 t o  
k 

2000 a c r e s .  

The f o l l o ~ i i n g  u n i t  p r i c e s  for. l a b o r  an&mat&ia l  a r e  u sed  

as the b a s i s  f o r  the e s t i i m t e s .  

Data upon which c o s t  e s t i ~ i l a t e o  a r e  b a s e d .  

I n d i ~ n  La to r .  ' Uen 1.25 p e r  day 
Tearis 2.50 :ler day  

Cost of f r e i g h t i n g  frorc t h e  r a i l r o a d  a t  Gallus t o  Ganado, a 
distance o f  60 m i l e s  - - 65c .  p e r  100 111s. 

C o s t  of m a t e r i a l :  at Gallup u n l e s s  o t h e r n i s e  s p e c i f i e d .  

Cement, 3.39 pe r  bbl. 

Logs f o r  c r i b  and p i l ing ,  f rom 15 t o  25  f t .  long. 
ave r zge  c o s t  $2, e ach ,  Es t i l i ia ted  a t  l l c .  per  f t .  

Lumber, d e l i v e r e d  a t  Ganado, pu rchased  froni Governr:~.nt 
sawmi l l  on Reserva1;ion , $20. p e r  H. 

I ron f o r  r e i n f o r c i n g  e t c .  5 . 5 ~ ;  p e r  l b .  d e l i v e r e d .  

Sand. Hauled 3 m i l e s ,  ( ? o m  r o a d s ) ,  2 . r o ~ n d  t r i r ~ s  a d a y  for 
$2.50, $ yd. pe r  load. 

Broken S t o n e ,  b r e a k i n g  and handling p e r  cu. yd. $1.10 
Stone for p a v i n g ,  l a i d  (not hand p l a c e d )  55~ .  sq. yd. 
S t e e l  flume. Waterway. NO. 6 0 .  TOP ~ i m .  3.18' 

a r e a  3.97 s4. f t .  Wt. p e r  f t .  10.5 Ibe .  Price 
at f a c t o r y  p e r  f t .  $1.00 es t in i t i ted  c o s t  a t  
Gallup $1.40 p e r  f t .  

Concrete i n  p l a c e  froni $15. t o  $20. p e r  cu. yd, 
Dr iv ing  12' p i l e s ,  each $l ,50 

c Gate Lifts f o r  D i v e r s i o n  Gates $18. e a c h  i n  Chicago. 
~ a t e s  f o r  d i s c h a r g e  p ipes  with s t e m  $61. for t w o  d z l i v e r e d .  
S t e e l  tower,  30) high (a t  ~ l b u q u e r q u e )  833.,  $57. and $63. 
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Es t ima te s - -  Ganzdo P r o j e c t .  
Divers ion S e c t i o n .  

Dam. 

Crib. 4852 l i n e a l  f e e t  of l o g s  a t  l l c .  
44 p i l i n g  12' long  a t  2.00 

534 * 72 

d r i v i n g  p i l i n g  a t  1.50 each 66: 
c a r p e n t e r  l a b o r  on c r i b s  e s t .  125. 
r o c k  f i l l  of c r i b s ,  920 cu. yds. a t  1.10 1 ,312 .  
e x c a v a t i o n  f o r  c r i b s ,  741 cu. yds. at 2 5 c .  185.25 
e a r t h  e x t e n s i o n  t o  c r i b  423 cu. yds, a t  25c. 107.25 
e a r t h  f i l l a b o v e  c r i b ,  663 c u .  yds .  a t  2 5 ~ .  165.75 
hardware ,  about 875 - 2 . 8 n x 5 ~  d r i f t  b o l t s  

1960# e s t .  d e l i v e r e d  S a S c .  per# 107.80 
e x c a v a t i o n  a n d  b a c k f i l l  i n  a d d i t i o n  t o  

above ,  and a d d i t i o n a l  ' c o s t  t o  ca re  
f o r  water  and wet excavnt  i m  , 
es t ima ted  

Concrete.  Wall at end of  crib, d i v e r s i o n  vreir 
and m a l l  a l o n g  edge of r o c k  b r e a k ,  a t  
r i g l i t  a n g l e s  t o  d m ,  

13.8 cu. yds. of c o n c r e t e   it 15.$207. 
4.5 " n n . w 20. 90. 297.00 

S lope  paving.  
Between h e a d  g a t e s  arkd s t r e e n .  
7200 squa re  f e e t  o f  p a v i n g  (800 sq.yds.1 
a t  j5c. p e r  sq. yd. 440.00 
s l o p e  d r e s s i n g  140.00 580.00 

Headgates . 
Concrete  i n  ga t e s  p r o p e r ,  

16.69 cu,yde.  a t  15. 
Concrete-  in' wing  wall^, 

250.35 

' each  10' long-7 yds. a t  15. 10 .OO 
R e i n f  arcing, ?50# a t  5432. 8.25 363.60 
'Ga te s  and l i f t s ,  4 b a l l  b e a r i n g  l i f t s  120.00 

150 f t .  lumber a t  20. 3 * 
ha rdxa r  e 2 

Lumber f o r  forli~s, t o  be used af t e rwerds  
f o r  f l o o r  of h t i d g e  e t c .  

b 500 ft. at 20. per la. 10 
Carpen te r  work 25 * 
P l a c i n g  l i f t s ,  and e x t r a  l a b o r  - 

c o n t i n g e n c i e s  e s t i m a t e d  



- : 7 i v e r s i  ;. on Canal, 
Earth vrcrk, 18,289 cu.yds. a t  2 j a .  4,572.25 
t h i s  e a r x h  has  many l a rge  b o u l d e r s ,  bu t  uuch 
o f  the spoil, both  e a r t h  and rock w i l l  go t o  
fill t h e  c r i b  dam, f o r  which allowance t o  
t h e  e x t e n t  of $1,177.75 was made vrhich w i l l  
cover e x t r a  c o s t s  cf excavation. 
Paving l o s e r  end o f  canel.  No p a r t i c u l e r  
p lan  m d c  f o r  th is .  E s t h a t e d  -- a* 

Storage Section. 
Dyke f o r  Reservoir .  

f , . .:' 
Ear th  i n  embankment. . { 

\ I  50,430 cu.yds. a t  2 6 ~ .  15,127.40 
I Broken stcme f o r  dress ing  on b o t h  s lopes ,  

7,898.00 -"I 
I 7180 cu.yds. at 1.10 

6,475070 '1 Paving on upper s lope ,  11,774 sq.yds.at  55c. 
203 00 Puddle t rench,  c l e a r i n g  e t c .  . . 

i 
27B701a10 , l  

'.. J 
. , .'I 

i2.l 

'I Outle-b frot~ Reservoir .  
P l ~ n  w i t h  skeletoi: t over , 
Twin o u t l e t  pipes-  12Vim1. as p e r  p l a n s  

60 f t  . between por ta l s - -  
2 - 12" ga tes  con~ple-te w i t h  stems 
1 - t r u s s e d  s t e e l  windmill tov::er, (Aemotor  

type) 20 f e e t  high - 
Foundations f o r  t over ,  
Foot b r i d g e  

Reservoir  waste may. 

D i s t r i b u t i n g  System, 
1st s e c t i o n  - Sta.  0 , t o  99 
Excavation, e a r t h  1537 cu. yds. a t  25~. 

l oose  rock, 7217 cu.  yds.  at 4Oc 
1 headgate, l e t e r a l .  
1 f l u e ,  1.61 long 
1 flume, 250' long 
2 conckete drops,  3.0 high at 419,35 

- .1 copbination 3.0' drop and d i v i s i o n  g a t e  

..I_ .,__ -_. _.._...._ ....._... 

-- -*,.:, ............ -. . .  . . . . . . . .  :... .,. ". . . . .  < . . .  ,.... , 3 .  . . .  . . .  . . .  ........................ . . . . .  .. ........ .... ;,- .. .: ".t .. , - : - *. ..#? .......... (.., ,.-... >. .,-. ,. ... . . .  . .  , ...- * 
' .:.. . . , ,  . r .,: .:.. * C ;. . . . . 

.. . . .  . .  , . : L~..','. ,-..; ,,: *: >.: .., ,c. . , < 5 .  '+:- , ',+. .;.. ' $  ,,:. ',. -..: .? z . 2  :: {!  ., : !' ' :  .I* 

: ......... , . . . ,,, ,:;:,..:, '.. ' .!. . 5 , ..... . I \ I . . ; :, . . < ; '\., . ' .'" , . t '  : ', , b *,'-, ... * ~:4:::L . ,<.: :*.. ,k,". .>, . ..., ,.,. .. , .... < ..... ,... . . . . . . .  , , -  . - . . .  ..: , 
Lud- ----A- .- ( _  . . .  i - .  . .  
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26 s e c t i o n .  The Hubbell d i t ch .  

Excavation ( r e  a i r s  and e n l ~ r ~ e m e n t )  8 34 3 cu.  yds. a t  25c. 

1 flume t o  be r e b u f l t  

1 flume 100'  long 

2 l a t e r a l  headgates  a t  105. 

5 slaall r a t e r  %ridge  flurries at. 8. 

3rd s e c t i o n .  S ta .  204 t o  Sta .  274 

Excavation, e a r t h ,  1315 CII. yds. a t  25c. 
loose  rock 567 cu. yds. a t  40c. 

2 flumes 60' and 24' 

l o c a t i m  not zpeci f ied .  

3 under dra inage  c u l v e r t s  

3 l a t e r a l  headgates  a t  105. 

3 highway b r i d g e s  



* Concrete at head, 

Waste ay , 

Distributing System. 

S e c t i o n  1. Sta. 0 to 99. 

.. Section 2. Hubbell d i t c h  section 

Section 3. Sta. 204 t o  274 

Niscellaneous 

Engineering and con t ingenc ies ,  20$ 

Total, Diversion and Distributing System 

Extensions n o t  surveyed, e s t i m a t e d  

immediate extensions, 

, . Area es t imated  s t o r e d  xater will care for, 1775 acres  

Cost per acre served, Storage, $25.25 per acre 

$9.60 p e r  acre 

CV-64 1 7-20 1 



S e c t i o n  1. 

S t a t i o n  30, 
529180 ) 

S e c t i o n  2. 

S e c t i o n  3 .  

L i s t  of S t r u c t u r e s  on D i s t r i b u t i n g  
System, w i t h  estimates of c o a t .  

-.--""..1--....-11-.1. 

He a d g a t e  
C o n n e c t e d  by d i t c h ,  16' f l m e  

D r o p ,  10' 
D r o p  10' 
Combination d r o p  and g a t e  0 

P l w ~ e  250' 

W a t e r  b r i d g e  (now i n )  
S m a l l  o v e r h e a d  f lwse 
F l u e  now in.  W i l l  n e e d  new 
w a t e r w a y ,  and s h o r t  u n d e r -  
pinning. The p r e s e n t  sub- \ 

structure will do. S e e  photo.  
76' 
S m a l l  o v e r h e a d  f l u n e  
He a d g ~ t t  e 
Snall o v e r h e a d  fltu.~e 

n w n 

Lateral h e a d g a t e  
F l w e  100' 

Location not s p e c i f i e d .  

3 u n d e r d r a i n a e e  s t r u c t u r e s  

3 highrray bridges 

3 l a t e r a l  h e a d g z t e s  
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Analysis of C o s t .  

The a c t u a l  c o n s t r u c t i o n  f i g u r e d  upon would make t h e  c o s t  

p e r  acre a l l  ou t  of r e a s o n ,  as t h e  surveyed d i t c h  covers  b s t  

707 a c r e s  of l a n d  and the e s t ima ted  cost  i s  $56,634.03. 

It i s  now e ~ t i m a t e d ,  t h a t  t h e  r e s e r v o i r  m i l l  c a r e  f o r  1775 

a c r e s  o f  lznd, a t  a t o t e l  c o s t  o f  $44,825.66, or $25.25 per 

a c r e ,  If the supply of water  is g r e a t e r  than s u f f i c i e n t  t o  f i l l  

the rese rvo i r  once, t h e n  t h e  per a c r e  c o s t  w i l l  be  reduced i n  

proport  ion ,  

The d i s t r i b u t i n g  system i s  e s t i m t e d  a t  $11,808.37, o r  

wi th  the land a c t u a l l y  under the proposed d i t c h  a c o s t  of $16.70 

p e r  ac re .  

The d i t c h  system, however, w i l l  c a r e  f o r  water for about 

2000 acres  of l and  as far as b u i l t ,  and t h e  fo l lowing  es t iumtes  

of cost  of l a t e r a l  e x t e n s i o n s  has  been nade wi thout  d e t a i l e d  

surveys. Lateral fron end of survey,  c o s t  abont  $200. cover 80 

ac res  o f  land. From the d i v i s i o n  gate a t  S t a .  91,  a d i t c h  i s  to  

be  c a r r i e d  f o r  a, d i s t a n c e  of about  four n ~ i l e s  on n ~ r t h  s ide  of 

stream, at an es t imated  c o s t  of $800 p e r  mi le .  Land covered, 

a b o u t  800 a c r e s .  These two extensions w i l l  c o s t  about $3400. 

and cover  880 a c r e s  of l and .  This w i l l  make the  total coat  of 

d i s t r i b u t i n g  system, $15,208., and' the a r e a  under d i t c h ,  1587 

ac res ,  o r  a  c o s t  of $9.60 per  acre. Fur the r  ex tens ions  can be 
C 

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

under tho system, 

The es t ima tes  a re  all on t h e  b e s t  of c o n s t r u c t i o n .  Prac-  

t i c a l l y  a l l  o f  the s t r u c t u r e s  are of c o n c r e t e ,  t h e  flumes a r e  

. . 



s t e e l  water ways on wooden t r e s t l e s  r e s t i n g  on concre te  p i e r s  

o r  on p i l i n g ,  whichever i s  b e t t e r  s u i t e d  t o  t h a t  p a r t i c u l a r  

p o i n t ;  a l l  ga tes  have s t e e l  screw g a t e  lifts, t h e  l a t e r a l  head- 

g a t e s  ake concrete  pipe o u t l e t s  with s t e e l  g a t e s  and l i f t s ,  and  

a11 cons t ruc t ion  i s  pltinned t o  be t h e  nost  permanent c h a r a c t e r ,  

By s u b s t i t u t i n g  wooCen s t r u c t u r e s ,  and s l i g h t i n g  construc-  

t i o n ,  as is  often done i n  pioneer  work, t h e  f i r s t  c o s t  could be  

m a t e r i a l l y  reduced, bu t  the  system would need c o n s t a n t  r e p a i r s ,  

and t h e  u l t imate  c o s t  would be g r e a t e r ,  

With t h e  coliglete system f i n i s h e d ,  t h e  c o s t  w i l l  b e  a 

l i t t l e  l e s s  than $35.00 per  a c r e ,  which i s  a reasonzble  p r i c e  

f o r  a f i r s t  c l a s s  system. 

Extension. 

There i s  a f u r t h e r  extension of the nork which can be 

,done. That is, t o  b u i l d  s o r ~ e  k i n d  of a d i v e r s i o n  dam i n  the  

strewll at t he  head of t h e  Hubbell Ditch, and p l a c e  headgates  

t h e r e  f o r  t h e  purpose of ciiverting flood waters  which may come 

when i t  is car ry ing  t o o  much s i l t  f o r  s torage .  

A t  t h e  head o f  t h i s  d i t c h  t h e r e  is no bedrock within rea- 

sonable d i s t a n c e ,  and  i t  is probable t h a t  a r o c k - f i l l  c r i b ,  

r e s t i n g  on  p i l e s ,  with a good apron,  o r  a rock and brush dam are  

the only ones worth cons ider ing  f o r  the p r e s e n t ,  After a l a r g e  

area i s  p u t  under c u l t i v a t i a n  and the  value of  the  water i s  

g r e a t e r ,  it might be worth while t o  put i n  a d m  of t h e  tne ex- 

p l o i t e d  by the Ambursen Hydraulic Co. ,  t h e  hollow concrete  dam. 

No plans orJ 'es t i r .?ates  have been made o f  this. 

. .  . .  
. ) . " .  . . ,. ..; - :. 

--- - ...-.. . . . . ,  .. . .. 
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"Ynrchase o f  Machinery. .It w i l l  be necessary  t o  purchase and 

' 

i n s t a l l  s. p o r t ~ r b l e  rook c rusher ,  nirth power, t o  f u r n l s h  t h e  b r o -  

ken rock  f o r  the s l o p e s  o f  the dyke. In mqking my es t ima tes  

t h e  f i r s t  c o s t  of such a p l a n t  has  n o t  been taken i n t o  cons ider -  

a t i o n ,  as I had no p r i c e s  on the anchinery. The c o s t  used on  

t h e  broken stone Is about t h e  c o s t  o f  producing t n d  haul ing  it .  

The 20% added f o r  con t ingenc ies  and engineering shou la  be 

enough t o  c a r e  f o r  such i tems however, when the  sa lvage  value . . . .  . . .  

i s  considered a t  t h e  end o f  the  work. 

Conclusions. The surveys show a s l i g h t l y  s m l l e r  a r e a  o f  l a n d  

w i t h i n  a s h o r t  d i s t a n c e  of the  r e s e r v o i r  t h a n  was c o n t e m ~ l a t e d ,  

and t h e  est i inates  a r e  somewhat h igher  than w a s  r epor ted  by  IrTr. 

Hubbell e s  t h e  f i n d i n g  of h is  e n g i n e e r ;  but t h e  \.cork i s  the  b e s t  

t h a t  c m  be devised, and t h e  d i f f e r e n c e  in t h e  q u a l i t y  o f  the 

work and t h e  s t r u c t u r e s  w i l l  l a r g e l y  account f o r  t h e  d i f f e r e n c e .  

The r e s u l t i n g  c o s t  o f  $35 p e r  ec re  for  s t o r a g e  and d i v e r s i o n  

i s  reasonable ,  and i n  view of t h e  shortage o f  water  on t h e  en- 

t i r e  N ~ v e j o  Tieservation, and its value when developed, I con- . .. . . 
Epider t h a t  the  p r o j e c t  i s  o f  s u f f i o i e n t  mer i t  t o  warrant  con- 

s t r u c t i o n .  

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

b \ 

Superintendent of I r r i g a t i o n .  



3riginal  lake  
488;3 96.8 
490 140.4 
492 181,3 
494 218. 
49  6 240.8 
498 261. 
5 0 0  281.9 
502 306 
504 303 8 



Rock a t  Head,. Old r i v e r  c h ~ n r , e l  
cn t o p ,  

New c h u m e l  a t  ri~ht of rock. 
Group of people in some positicn 
in both of &hove photos. 





East abutnent  Dtm f r o n  &bout  i t s  center. 





Two v i e m  of the hep.3 of the 

HUBBELL Ditch. 



View 
i n  the  
p r e s e n t  
Hubbell 

D i t ch  



Loolricg up stream. 

Zlume i n  Hubbell Ditch t o  
be r e b u i l t ,  usixg present 

foundations. 

Looking doan stream. ,# 



Flume Crossing Station 92+84. 

i?lume cross in^, Station 200. 




