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SUPERINTENDENT OF IRRIOATIOU. 

DEPARTMENT O F  THE INTERIOR, 

UNITED STATES INDIAN SERVIUEl, 

Albuquerque, B. W .  lOovamber 23, 1908. 

V. H, Code, . Chief Engineer, 

522 Bumiller Bui ld ing ,  

Lo8 Angales, ~ a l .  

Dear ' Sir : 

On taking oharge of the work of this diatriot last spring 

I found .in- the ' o f f  ice' f Zles sgeutf i c  direct1 ons f c make, the nee- 

easary suxvuys' i d  lnreatigatf ons for a atornge reeemoir near 

the new schs~l at Leupp, Arizona, t o  store waters of Canyon 

Diab3.0, and; uso them for the irrigation o f  lands ly ing i n  the 

valley of  the Little Colorado r i v e r ,  in what is  known as the 

Ravqjo Fxtenaion. 

I a pe,rsonally I looked over t he  proposition and dsamed I t  
, 

of sufficient importance to m x a x i t  a conpletc topographical 

survey, ;oo ?it11 your approval ,  I put a  lane-table p a r t y  in t h e  

S i a l d  under A s s t .  ~ n g .  N. G. Bush, who m,de a aurvey of tho res- 

ervoir oite, malting a map with two feet contours in the reservoir 

and w i t h  f i v e  f e e t  contourn of the land l y i n g  under the r e s e r v o i r ,  

and along tlie river as fur down as Tolchaco, nine miles below. 
, . :I 

I now . h e  iegort  on the pro jec t .  
b 

TIFe R#?,$Xl?VATION. , , The Navaj o Extension l ia l i  i n  Northern Arirono, 
. '  

and f ncludee Townshipa 21-22-23-24 north and Range8 12-12$-13-14 

exceplibg the part i n  ~ a n e e  15. I t  is t h e  sonthern p a r t  of what 



i s  known as tho Pa in ted  n s s e r t ,  and i s  c n t i r e l y  a r i d  and untim- 

bered. 

It lies at an e leva t ion  of fron 4500 t o  6000 feet. Tho 

e r e a t e r  por t ion  being between 4800 and 5000 f e e t .  I t  is  prac- *., 

tically unwat&ed w i t h  the  exceptlon of the Little ~ o l o r ' s d o  River 

orhiah croeaee it from the southeast to the northwest cornaro.  

This stream ha6 a shallow, sandy bed, carrying wator about  nine ' 

months i n  the year, o f t e n  t o r r e n t i a l  in charscter. The balanco 

of the y e a r  i t  i a  entirely dry. Canyon n i a b l o  with its drainage 

entersbthe L i t t l e  Colorado about the aenter of the ~ese 'rvs t lon ,  
' 

Its characteristios are deacribed under another  head. With this 

exception t h e m  i s  p r a c t i c a l l y  no water o r  watering plaoes on the 

Reservation. Tho agency and sch'ool at Leupp, and a t r ade r  and 

(, 
Vios ion  at Tolchaco, a t r c d e r  et  Canyon Dinblo  and the railroad 

agen t  ecd s e c t i o n  tien at the l a t t e r  ?lace a n d  a t  Sunshine, are 

the  only inhabitmta of  t h i s  r r a a  exce7ting tho nomadic Xavajo 

I x l i ~ n a ,  of who~i  t h e r e  a r e  d c u t  450 on Chis r e se rva t ion  ]?roper 

and & number o f f  the r e s e r v z t i o n  t o  t h e  e a s t .  . , 

They arc c n t i r e l y  dependent on their flocks, and d i i l e  

they *::auld do 30-e a~ r i cv . l tu ra l  work if t h e y  had a chance, there 

is  no p lace  on t h e  e n t i r e  r e s c r v a t i o n  where they can, w i t h  t h e i r  

l i n l i t e d  number and l a c k  o f  means, g e t  wuter on the l ands .  
/ 

The rainfall is sliqkt; probably not  t o  cxcced 8 i nches  

per annum. The records  of  Iiolbruok, 011 t h e  Little Colorado a n d  

about f i f t y  r i i l e s  eas t  of Leupp, w i l l  be about the smoe us  would 

 record^ I:e::t a t  the l a t t e r  p l a c e .  

DHnI?iAGE ~ X N ? A .  I ie i ther  the L i t t l e  Colorado n o r  Canyon n i a b l o  are 



l i v ing  stroomo the ontire year. Tlza f o m a r  l a  dry at this po in t  

f r o m  t w o  t o  four months each year, w h i l e  t h e  Canyon i s  dry smen 

o r  e igh t  riionths o f  the t~elve. 

L have not been able t o  a s c e r t a i n  with certainty the 

drainage area of the Canyon, T)m cnt3.m east tllopas 0% the SM 

?3?anoisco mountains and all 3f the m w t r y  on the south t o  Chaves 

and Sunsst Paas, alm drains into tho .to-rious tributary uanyona, 

(866 WP) 

mom tho W ~ J S  of the  Uy 6, Geo1ogioa1 Survey, the drain- 

ago ares . t b  t h e  topa of a l l  of the dividen ahon about 1550 square 

niles, but this includes ths drainage of ?Cormon Lake, which I 

understand han no otrtluut , and the drainage of R i ~ e r  de Flag, the 

&rainage c l  which iz c u t  of f  5y n d3xs ar.d rcssrvoir near Plag- 

~taff. Odit%ing tkis area, which i t 3  in d o u b t , .  wo still harz 

about 1220 square mil .es .  

 he drainage i s  e f f ec t ed  by 1,ocuet and Valnut Canyone, 

which, occing together from t he  west, Poreis aht  i s  known a6 the 

San P r p o l s c o  Raoh; Canyon n i 8 t l o  and Canyon Padre, fro= the 
I ,  

eouth,; all f o r ~ i n g  a junction eoEe miles above the r e s e r v o i r  

s i t e .  
1 

, 3clow t h i s  p o i n t  of j u n c t i o n  t h e  Canycn is ebout 250 f ee t  

deep with: preclpitoua sides, about 600 f e e t  wide on the t o p  and 

. . 
*cd on t he  bo t ton .  B maximuLlt,vidt4 of a coul.lc of hund-3 I . :  

GAY:Gi( SUPPLY, .$he d r a i n a ~ e  area of  this r e s e r v o i r  s i t e  lies al- 

?US,WPLL ,AXD Loat  entirely above the  5000 f o o t  contour ;  7 5  i c  

fiWoF3'. / 807.. above 6000 feet, n r k i l e  the highest point 
. . .  -._ .--- 

roached i s  the t,o;l of t i ~  Sa.n Y ~ K : I C ~ Z C O  !?3. , XI el~vatian of 



s t a f f  - though we have that of Holbrook about  50 milee ea s t  o f  

the Reearvoix site and on the ndesert*,  a t  an e levat ion  or about 

5000 f e e t ,  - 
t 

The hlghest f l o w  l i n e  of  Canyon D i a b l o  ie well defined 

by d r i f t  wood at about  e l e v a t i o n  518. A t  the dam s i t e i  the 

preeent main ohannel is about 140 feet wide and 8 t o  9 fact deep. 

On the west s i d e  is an a l l u v i a l  depoe i t  that has growthe on that 

would 1nd.icats 20 y e a r s  o r  more s inoe  it wao disturbed, AX. 

drift' found st the elevation of  518 t o  512 l b  old, dry' and , L '  

weather worn, but what has occurred b+efore is  liable t o  occur 

again.  A t  a narrow po in t  i n  the  channel  above the dam e i t e ,  the 

c r o s s  s e c t i o n  i s  about'2900 aquore f e e t ,  the f a l l  of  the  canyon 

, is a3out  3 f e e t  p e r  mile.. This would give a velocity of about 

5.78 and r. discharge  o f  15606 second f e e t ,  us ing  U = .030 

The Weather Bureau f u r n i s h  the records o f  r a i n f a l l  a t  

"lagataff f r o n  O c t .  1899 t o  nec. 1905. During that time the 

unnual r a i n f a l l  was as fo l lor rs  : 

I The monthly means have been as fol lows:  

January  
February 
!'arch 
Apr i l  ' 



June 
July 
Augist  
Septemb'er 
October 
November 
Deoember 

Ths average annual preoipftation is 22.56 inches, divid- 

ed as fo l lowe:  Spr ing ,  5.33 inches; summer, 6.44 inches; autumn, 

5.52 incherr, and winter, 5.31 inches, The greatest monthly pre- 

cipitation was 8.77 inches, i n  ~ u g u s t ,  1904, and the greateet 

I amount o f  precipitation recorded in  any 24 coneecutive hours m e  

2.95 inches, on ldsrch 31 and April 1, 1903. The average season- 

al snowfall is 87 inchea. The greatest amount of snowfall re- 

corded -in any 24 consecutive hours was 24 inchea, on February 

1-2, 1901. Snow has been known t o  f a l l  in e v e r y  month o f  the 

year, except July and August. 

r e c o r d s  from Holbrook, while entirely out of the 

drainage area are given, as they will probably be a~proxiustely 

what the precipitation is on the land that io t o  be i r r l g i t e d  

from this reservoir, if built. 

The record8 of the Weather Bureau arie f r o u  1888 to 1900 

inclusive and from 1904 to 1908. 

The total annual rainfall has been a$. f o l l o w s :  

1888 10. 82 



The monthly mean8 havo been as f.ollows: . . 

January 
February 
Narch 
Apri l  
Zdag 
June 
July 
August 
September 
Ootober 
November 
Decamber 

The greatest monthly p r e c i p i t a t i o n  mas in ?,!arch 1905 .. 
when there was 2.98 'inchee of r a i n f a l l .  

I have no record  o f  the heaviest single p r e c i p i t a t i o n .  

To approximate the mount of  water d ischarged through 

the canyon and which w i l l  be nva i lab lc  for t h i s  reservoi r ,  we 

may assune {;fiat the naxinw. flood m s  caused by the heavieat 

r a i n f a l l  of  record. 

This maxinw rainfall wuo 2,95n f o r  24 consecutive houra, 

which i s  81.5 cubic f e e t  per  aecond per squa re  mile. (Ueing 1220 

oq. nkles as drainage area). 

The n a x i n u  d ischarge  of %he canyon as shown above waa 

15,606 second f e e t ,  o r  12.79 oecond f e e t  Fer Gqunre n i l e  of  

drainage. T h i n  would i n d i c a t e  that the runoff i s  15.6$ o f  the 

r a i n f a l l .  Prom figurer! cradc on the Zuni drainage by Supt. 

l iarper and Kr. Schuyler ,  the m a x i m w i  runoff  per square  n i l e  was 
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21.6 cu. ft. per second, and t h e  next l a r g e r  f l o o d  gave 14.7 cu. 

ft. per  sacond. The drainage a r e a  of t h e  Zuni neservoi r  I s  not  

more than one-half that of the Leupp Reoervoir ,  and the  e r m l l e r  

?..he drainage a r e a  tho quicker  t h e  runoff  occurs  and the naximwn 

c r e s t  ie g r e a t e r ,  

Taking tho average rainfall, 22.56~ a n d  t h e  runoff as 

1 ,  t h e  t o t a l  runoff f o r  t h e  year would be 220,170 aore f e e t  

approximately. 

Taking the rainfall recorded, 16.57#, 
. , a,me peroentage,  the to ta l  runoff would mount  t o  161 

and the 

,722 acre 

f e e t .  The first would f i l l  the  r e s e r v o i r  t o  the 37 it. contour 

near ly  19 times d u r i n g  t h e  year, assunling t h e  r a i n s  came a t  the 

proper t imes,  and t h e  l a t t e r ,  a l i t t l e  Leos than 14 t imes,  

i Of course ,  th i s  i a  riaking cons iderable  assunpt ions  of  

cond i t ions ,  f o r  the  r a i n f a l l  over  cons iderable  of the a r e a  

w i l l  be muoh l e s a ,  and the runoff percentage smal l e r ,  though on 

the mountains bo th  will be g r e n t e r .  

Assumine the  total a r e a  t o  be i r r i g a t e d  t o  be 8000 a c r e s ,  

and the m o u n t  of ~ a t e r  necessary  t o  be 3.5 a c r e  f e e t ;  t he  

capac i ty  of the r e s e r v o i r  a t  the  37 f o o t  contour i s  11,617 a c r e  

f e e t ;  t h e  mount  of water  t o  se rve  the  8000 a c r e s  i s  28,000 a c r e  

f e e t ,  o r  2.4 t imes  the  c a p a c i t y  of thc r e ~ e r v o i r .  These figures 

w i l l  give a f a c t o r  of s a fe ty  of a b o e t  6 rrith the n in imm r a i n -  

f a l l  recorded,  which should make i t  sa fe .  The f a c t  that while 

t h e  r a i n f a l l  i s  evenly distributed, the  runoff may not be, the 

g r e a t e r  ahaorbt ion  and evapora t ion  o f  the o u m e r  mnbing the sue- 





have n o t  f a i l e d  for many years. 

t o  f i l l  the gropoeed reservoir at least o n e e  each year, 

Roping that this letter w i l l  be of service to you, I am 
a 

Very respectfully, 

k%. 1:axrrrellts ob&rvations xi11 not bear out the as- -! 
31 

eumption of r a i n f a l l  and runoff mde above, es t h e y  are simply 

f r o m  casual  v i s i t s ,  and ' t h e i r  value i s  t o  be  taken i n  connect-Lon 

w i t h  any o the r  f a c t s  t h a t  may he a v a i l a b l e .  

Should we a s s w e  tha t  the average rainfall is  the m e a n  

between t h a t  of ?lagstaff an2 that o f  !Iolbrook, we f i n d  .-hat this 

lnean i s  15.6211, o r  very near the miniuriu flglired above froo! t h e  

FLugstnff records .  The nean o f  the minixinun o f  t h e  txo p l a c e s  is 

10.88 o r  j u s t  65;: of t h e  zininuz figured above. 

Should this a l l  oom d u r i n g  t h e  winter  and spring, of 

course most of  it would be wasted for l ack  of u s e  and s torage 

capcc i ty. 

SILT. Notwithotanding t h e  large d ra inace  area, I an inforxed 

t h a t  very l i t t l e  a i l t  i s  carr ied by this waoh. Pith the v a t c r  

taken from the r c v e r v o i r  at the 16 f o o t  c o n t o u r ,  there w i l l  be 

quite 8 l a r g e  ccj:~acity below t h i s  contour for the  accunulntion 



i ............-... ,, "................. . . . . . . . .  

of the small amount that may be brought down. 

IIESERVOIR. The r e s e r v o i r  i a  i n  35" 17' Hoi8th Latitv.de and tho 

111' meridian passea through it. It lies about  1-i- m i l c a  Iron 

the school and agency at  Lcupp, on the l7avajo extene ioa ,  and 12 

miles f rom the A. T, and S, I?. Ry.  at ~,"unahine, Arizona. 

There a r e  six requirements for a r e s e r v o i r  storage pro- 

j e c t ,  viz: 

1. Sufricient water euppiy. 
2. A good basin. 
3,  Good dam s i te .  
4. Good foundat ion  f o r  dam. 
5. Good materials at hand, f o r  C O ~ S ~ X U C ~ ~  on. 
6. suf f  i c i o n t  good land. 

The water supply has already been diacuosed  under a 

separate heading. 
1- 

The second - e good bes in .  In  t h e  present case t h e  

canyon widens out suddenly i n t o  a basin. ( ~ o c  nap) .  The s o u t h  

and west walls a re  c l i f f s  of r e d  sand otone lying on a bastard 

l h c  s tone .  The n o r t h  and eas t  s ide8  are r o l l i n g  hills o f  gravel 

and c a r t h  l y i n g  on red s a n d  s tone .  

The bas in  i s  not  complete, f o r  on t h e  n o r t h  s i d e  a r e  f i v e  

openings i n  the hills, ncrosn  which it vill be necessary to b u i l d  

ear then dykes, t o  r a i s e  them t o  e l .  542. With this done, the 

water cen  be r a i s e d  37 f e e t  above t he  bedrock at t h e  d m  s i t e .  

Third.  Dm- s i t e .  The d m  s i t e  ic fa ir ly   ell aduptcd 

f o r  the purpose,  thou[$ n o t  an ideal c i t e .  

Thc ~ i d e  walls are or' red ~ n n d  o t o n e ,  shaly on t h e  ou1;- 

side, bcl. at n depth of a couj>lc o f  f e c t  are h a r d .  The cast 

s i d e  r e s t a  on t h e  1 i i : l ~  s t o n e ,  fully e;yo:;cd, ~ h i c l ; .  extnndr acroos  



a portion of tho canyon bottom, The d i s t m c o  b e t w e n  t h e  walls 

is about 516 feet u t  t h e  bottom and at e l .  541 is 760 f ee t .  

Fourth,  It ia proposed t o  b u i l d  t h e  dam on t h i s  l i m k -  

s tone  ledge, The west s i d e  of the ocrnyon bottom is o f  earth, 

Test p i t s  mere sunk t o  determine if  the limestone extended aaross 

on the samo l eve l ,  and th t se  p i t s  wore sunk 18 feet, o r  eight  

f e e t  lower  t h a n  the ex~josed ledge without f i n d i n g  rock, It was 

impossible to dig  deeper without rigging a well digging o u t f i t  

and curblng the p i t ,  and Z P r ,  Bush f inished the other work and 

' l e f t  without going deeper. The rock probably is there within a 

few f e e t ,  aa i t  i a  expoeed above and below t h e  dam s i t e  entirely 

across the channel, though it is  problematical, 
1 

But aosuming that it is  a. soft bottom, the type of dan 

recornended as good cons t ruc t ion  at this site, c a n  be buil t  on 

a s o f t  bottom. 

Fif th .  A s  t h e  type of d a . ~  s e l e c t e d  is of reinforced 

concrete, the uaterial needed is gravel or broken s tone ,  ound 

and the r e i n f o r c i n g  steel. Tho l lmestonc c r o p 8  out and can be 

e a e i l y  q u a r r i e d  vrithin 300 f e e t  o f  t h e  d m ,  and w i t h  a rock 

c rusher  %ill make. the best of broken etone a n d  sand. G r a v e l  i s  

not t o  be had near, and the uand is both  fine and dirty.  \;ater 

can also be g o t t e n  without exceeuive c o s t ,  a n d  probably t h e  

eas ies t  way vrould be t o  p ipe  it fro= the 'water tank at Leupp, 

school and any l:lant that ~vould be e r e c t e d  a t  this ! l o i f i t .  

S ixth.  Sufficient good lands .  This quest ion w i l l  be 



Hydraulic Construction Company. Ily in tareet  i n  t'nia is purely 

from an engineering standpoint. With thi$ t y p e ,  w e  securcl a 

maximum of strength and stability.sith a mlninum of materfal, 

Thls i a  an object when c o n e t r u c t i o n  is being done at some dis-  

tance from the base of supplies. 
: . . 
.:::.:.:.:.:.:.:,:.:< .......... . . . .  - To avoid taking rap time and spaae in a 'descr lp~~on  of 

t h i s  type, I enolose printed p t t e r  cover ing same, 

Buttreseed Dama of the gravity type a r e  also discu~sed 

by R. C.  Reardaley in me;. Neua, Vol.59, No.17, p.452, April 

190& (. 23, 

The type of  c o n a t r u c t i a n  suggested ( see drawing)  , l a  of 

the rollway type.  The crest  t o  be at e l e v a t i o n  537, l e n g t h  o f .  

r o l l w s y  456 f e e t ,  t o t a l  l e n g t h  over a l l  7 6 0  f e e t ,  a l though  124 

f e e t  of this length amounts t o  very little. The d e t a i l s  of con- 

o t r u c t i o n  a r c  a h o m  very plainly on t h e  drawing,  

DETAIL OF D M .  For details o f  the  c o n s t r u c t i o n  o f  the p r o p o e e d  

dam, I have c o n s u l t e d  with the Anbursen K y d r a u l i c  C o n s t r u c t i o n  

Company, and I herewith g i v e  a copy of  t h e i r  letter and estimat 

in t h e  matter which secnis t o  cover every point ar,d d e t a i l  
I ncc e s sary , 



Yr. If. I?. Robineon, 

Supt, of I r r i g a t i o n ,  U.S. Indian Service, 

 lackr rock, New Mexico. 

Dear Sir:- 

We are sending you under another oover preliminary 

design f o r  the Leupp dam. I need not  c a l l  your a t t e n t i o n  t o  the 

f aot . that while the in fo rma t ion  you have given us is unu~ually 

comple$e and clear,  yet  w e  are at a d i s a d v a n t a g e  -in not hav ing  
; ............ .......... Rk:::&is!::;::$. : . . , . 

,A'. .... '.:.~.'.y.::,!..'" ........a. . . . .  . . _  ' . bbc$ 09: tb? ground. You w i l l  therefore appreciate that there 

may be many p o i n t s  of d e s i g n  and many i tems.  o f  e s t ima te  which 

would be c h a g e d  when we h a d  actually i n s p e c t e d  tha s i t e  and 

worked over t h e  p r o b l e n  ;v i th  you. I t h e r e f o r e  f i n d  it'necescary 

I t o  uake  a number o f  coaunents a s  fo l l ows .  

We a c c e p t  your s u g g e s t i o n  that t h e  g o r t i o n  o f  the dam 

over the earth d e p o s i t  should be made with a f l o o r .  A great d e a l  

however depends upon j u s t  what t ' n e  m t w e  of t h a t  earth d c i o s i t  

i a ,  W e  have aut;u~i?ed that  i n  any case i t  i s  excava t ed  down t o  the 

level of t h e  rock i n  t h e  r i v c r  channel. ' Poss ib ly  by the t i u c  w e  

have g o t  down t o  that p o i n t  i t  m y  p r o v e  t o  have some sustaining 

c h a r a c t e r  of i t s  o m .  I n  fact although wc! have  built; one or  two 

dam on sand and  on  c l a y ,  vre have never  y e t  foi lnd a citse which 

c a l l e d  f o r  p i l i n c ,  as we were a l a u y n  n b l c  t o  apread tllc floor 

oufficicntly t o  get a load of from 1.2 t o  1.5 tons  per s q u a r e  

f o o t .  I t  is u p r e t t y  poor  foundct ion t h ~ t  v i i l l  n o t  cttrry this 

~ i t h  s a f e t y .  If the m u t e r i a l  i s  anything a t  a l l  i n  the  nature 

of gravel o r  c l u y  i t  i.muld carry t h i s  l o a d  w i t h o u t  s n y  f u r t h e r  



proviolon. If, howaver, it ia a l j t r i c t  alluvial depos i t  the caee 

.my be qu i t e  d i f f e r e n t  as some a l l u v i u m s  will com2rees like a 

feather bed. You'sec t h o r e f o r e  that  vre a r e  q u i t e  i n  the dark on 

th i s  irni~ortant point.  

If, howevor, the alluvium i a  s o  bad as t o  be unable t o  

cnrry 

depth 

the loaa and y e t  rock wae t o  be obta ined  at any reasonable 

, say 30 f t. o r  4-0 ft. below the g rade  of t h e  channel, then 

we have a apecis1 method of s i n k i n e  walls o r  piern,  o f  whiah we 

htivs oeuured control from one of t h e  leading engineers i n  the . , 

country &king a spoaialty of' cliff i c u l t  foundat ions .  By thia ' 

ncthod we can at very moderate o o s t  and w i t h  very l i t t l e  exoava- 

t i o n  oink tr cut-off v m l l  clear do~vn t o  the bed rock and at a 

very low C O S ~  per yard. We wot!ld s i n k  one  of these walls under 

each b u t t r e s o  which would of  course be a vi r tual  extension of 

t h e  b u t t r e s s  t o  the  bed rock. Ve would use the s u e  method t o  

s i nk  a cut-off  %all t o  bed rock and p r o b a b l y  FL second one at the 

down s t r e a n  toe: o f  the d m .  This p a r t i c u l a r  nlcthod I cannot 

descr ibe  now ae we have n o t  yet prepared  o u r  litcreture on it, 

but i t  enables  u s  t o  e n o r m o u s l y  c : ~ t  down t h e  c o a t  o f  such wark 

over t h e  old methods. 

If t h e r e  is na r o c k  bot+,om t o  be r e a c h e d  ' the aame 

ncthod enables uc t o  o i n k  e i t h e r  v r a l l o  o r  p i e r s  under each butt.- 

ress t o  such a depth and o f  s u c h  d i ~ e n s i o n s  that they  a c t  as bde- 

quate  ~ ~ i l c a  t o  c a r r y  t h e  computed l o a d .  The paosesaion o f  t h e s e  

f c a t u r e o  enabl ing  UEI t o  overcouc the d i f f i c u l t i e s  o f  this c l a s s  

of work ~ i a k e o  our t y g  of cons t ruc t ion  p e c u l i n r l y  a d ~ ~ ~ t e d  t o  



your condi t ions .  I w i l l  r e f a r  t o  t h i ~  again i n  the eatinate, 

The s e c t i o n  on t h e  r o c k  would terminate  at the t o e  an 

shown i n  the drawing. The s e c t i o n  on the  s o f t  foundation would 

probably be extended s o  aa t o  foru a long tumbling hearth for a 

s u f f i c i e n t  depth below t h e  dam t o  safely take care o f  the plunge 

of the wi te r  and receive the standing wave. We should probably 

extend i t  a t  least 301 below t h e  dam. This apron I s  filled with 

reinforcement so it cannot break under the a c t i o n  o f  the water. 

There are a l o t  o r  other variat ions which might b e  

in t roduced when we have i n spec ted  the cond i t ions .  You might 

wish for inetance t o  a l t e r  t he  p i t c h  o f  the upstream deck; t o  

produce a lliore v e r t i c a l  r e s u l t a n t  on cer tn in ,c lasses  of founda- 

t i o n .  All t h i s  however cannot be discussed i n  a ~ r e l i m i n a r y  way 

and would n o t  h a v e  any  very  great, i f  any, effect on the c o s t .  

I enclose our prel iui inary estimate  heat, I n  this 

e s t i m t e  I hcvc taken accaunt  o f  t h e  fact t h a t  y o u  w r k  under an 

e i g h t  hour day and have a s s u e d  uoreovcr  tha t  t h e  Indian l ahor  

a o u n t s  the s a x  in  e f f i c i e n c y  as v h i t e  l abor  at $2.50. I am 

f r e e  t o  say  that i f  ~e u n d e r t a k e  the  work I t h i n k  we w o u l d  bc 

8b le  t o  aend o u t  a large force of I t a l i a n  l abore r8  at no more 

than $2.00. We use  g rea t  num5ers of I t a l i t i n s  who as a rule stay 

x i t h  ue  a n d  r!love f r o 2  job to job, who receive i n  the cast t J .75  a 

day, and who will be very glad t o  go t o  the far  s c o t  t o r  25 o e n t s  

a d d i t i o n a l ,  I believe however i t  is the liolicy of tho govern- 

ucnt  t o  e~:.~loy the  Incii;:,ns s o  f a r  ae p o s s i b l e .  I t h e r e f o r e  m k c  

t h i ~  8 q ; p s t i o n  f o r   hut i t  i o  i;rorth a t  t h i n  t i n e .  



p i  
I will comcnt on the e s t i r a t c  quite fully bsv numbers. z, 

I! 
"'1 

( 2 )  Your c l i ~ i t e  nay !?errnit of the uoe o f  t e n t s  and g* 

considerably reduce that item, 
i 

( 3 )  Ve have enlarged this  i t e ~  nomawhat on amount of g' 
E 

the high prim of lunber and tiriiber f o r  b ins ,  towere, etc.  -= rn 
V) 

3 
( 5 )  Thia item: is only the o r d i n a r y  c o s t  of s cutaoff 

Nail when the foundation is in fairly iuppervious gravel. If we 

have t o  s i n k  a cut -o f f  wall t o  the r o c k  by the yrooesa above 

of courm n i l 1  introduce an additional item but 

i w g e  a one'ae you might imagine. BY the speoisl 

process whioh we have, t he  cut-off wall need not bemore than 12" 

t h i c k  and well reinforced, It is aimply a water barrier and has 

no relation t o  the principal s t r u c t u r e  o f  the dam. 

( 6 )  This  i teu covers the excavntion down to the grade 

of the river bed. This i s  a l l  the excavat ion t h e r e  w o u l d  be, as 

if we had t o  go t o  bed r o c k  we 'should use t h e  special process  

above al luded t o  which r e q u i r e 8  no excavat ion .  

( 7 )  This m e r e l y  r e l a t e s  t o  the p r e p a r a t i o n  o f  the 

.Tooting8 for the b u t t r e s s e s  where t h e y  r e s t  on rock, Of course 

the p r e c i s e  n a t u r e  o f  t h e  rock surface i a  not known by u s  b u t  

the i t em i s  n small o n e  anyway. 

( 8 )  This i t e m  and all other  i tems involving l a b o r  arc 

abnormally high as conpared w i t h  our cost records h c r o ,  due to 

the e i g h t  h o u r  day snd t h e  hi& price of labor. 

( 9 )  I thought i t  s u f c r  t o   sat;^^. ..e that  we uight have 

to crush our sand o u t  o f  t h e  r o c k .  



(13) In the e a s t  this item would not run over $1.80 

but I think the figure uaed i a  safer under your condttione of 

labor. 

(16) I have tlasulcd eight months a8 the tine of com- 

p l e t i o n  of the work, on the further assumption that the alluvial 

deposit excavated to grade will carry the structure without 

further preparation. Vould say however that we ought t o  beat 

this  time a month or more if your weather conditions are stable 

zt the tine the work is undertaken. Of course I cannot Judge 'how 
. . . . . . .  . . . . . . . .  . . . . . .  ;+: . y.'.'..... .. . , . . !  .>/,. :.>:.;l!qyq:; , ' ......... ..................... . . . . . . . . . .  . . . . 

long it would t a k e t o  put downthe sub-foundations torock u n t i l  

we know the depth of the rock and the grade of the aver-lay, 

The process above referred to however is nearly tm rapid a8 pile 

driving so that the extra tine w o u l d  not be a serious item, 

, - 
\ (78) We have several de'signs for gates which have 

worked out excellently i n  practice and which enable all the 

handling of the gates to b e  done f r o 1 2  inoide the . d m ,  while at 

the scl;m time decreasing the  c o o t ,  The g e n e r a l  idea  of this 

p t e  is sho im on page 29 of the Jlllsvrorth booklet which we sent 

you. The gates  may be handled by hydraulic pressure, motor 

drive or lilrnd power. The latter I pre8ui:is would be employed in 

your case on account of the fluctuations of level and the oom- 

par t i t ive ly  lav i  h e i g h t s  of dm. V!e generally like to put i n  a 

nuzlber of mall eeteo au it gives uc a better graduation of . the 

( I f l o w  for irrigution work which I u s s u m  is the purpose of thie 

d m .  

(10a) You did not sav whether tho cost of 24.50 per 

t o n  f o r  coal  i n c l u d e s  t h e  h a u l  o r  not. I have hseiiued that it 
t 



does and our es t i~ la te  i a  m a d e  accordingly. 

(13a) In th ie  i t e u  I have a l l o w e d  a rough stun of $ T O 0 0  

f o r  wooden s h e e t  piling if the  character o f  the 6 0 1 1  p r o v e s  that 

this would answer the purpose, I f  it was b e t t e r  t o  use the  oon- 

c r e t e  wall thia i t e m  w o u l d  d i s a p p e a r  and the c o n c r e t e  wall be 

substituted at not  very much, if any, greater cost,  

(Ma) We shall p r o b a b l y  n o t  use  log p i l i n g  anyway but  

I hkve left thie e n t i r e  i tern out having commented on i t  above,  

as there i s  no uoe f iguring on it u n t i l  we know precisely the 

(15a) It may be that the government ie already the  

owner of abundant  plant for this class of  work. If s o  this  i t e m  

would, diaappear. Otherwise it would remain t o  c o v e r  the de- 

preciation on the plant i n  execuking t h e  w o r k .  

(17a) We g e t  our i n s u r a n c e  at a:very low r a t e ,  namely 

27: on t h e  pay roll. I do not know whet& thk government insuree 

its labor o r  not  b u t  I have at  least allowed t h e  i t e m ,  The 

g o v e r m e n t  c a n  take advan tage  o f  t h i s  s p e c i a l  ra te  of  ours  if 

t h e y  wish,  

(22a) I h w e  trllowed liberally f o r  c o n t i n g e n c i e s ,  this 

being a n  iterz t h a t  usually absorbs all t h e  unknorm q u a n t i t i e s ,  

Our c o s t  accounts, - whic3 by the way we : t h i n k  are ke!)t i n  b e t t e r  
I 

shape t h a n  any other c o n c e r n  i n  the c o u n t r y ,  -. 8h0ui that t h ~ s  

fur FIC htlve very r a r e l y  t l-enclzed upon ou,r 'con't:ingency iter; to  

a n y  ve ry  c o n s i d e r a b l e  CY-tent,  



The o w n  t o t a l  seams t o  i n d i c a t e  t h a t  the cos t  of the 

work will run out at about $11?0,000. Wc have been extraordi- 

nclrily eucceueful  in o u r  estiuitee, as vritness the e n c l o s c d  s h e e t  

covering a group of seventeen of our Jobs f i n i s h e d  laot year, 

We have done even b e t t e r  t h i s  year. Please understand however 

that t h e  p r eoen t  eotirnate i s  a p r e l i m i n a r y  a n d  we would not wish 

to m k e  n f insl. estimte until orc had thoroughly been over the 

work on the ground, 

You will note that our est imate i s  iternized very fully 

snd it is m y  b e l i e f  t h t  it covers ;wrything in t h i e  c&e as 

described by you, e x c e p t i n g  the sub-foundation mork necessary 

when t h e  n a t u r e  of the  al lurial  over-lay 18 diocovered.  I would 
-. 

a d d  no reove r  t h a t  i f  we f i n d  w e  sink each b u t t r e o s  c lear  down t o  

< t h e  r o c k  by tho process s b o v e  alluded t o ,  this will do away with  

the necessity of it f l o o r  and so f a r  as conc re t e  ia concerned. the 

m e  iten sill approximately b a l a n c e  th.e other, leavinc only the 

labor which i s  n o t  a luge  i t em.  

\% do n o t  u . s u a l l y  1.lakc a p r a c t i c e  of scndizlg o u t  our 

es t i r r l a te   hee eta as you can recognize  t h a t  th i s  i e  i n f o r n a t i o n  of  

a very intinate and c o n f i d e ~ t i a l  cha rac t e r .  Vo however d o  ao 

-.;lith pleasure i n  you r  case as ou* lack of p rcc iee  knovledfle siii%L,es 

i t  necessary that you should observe the l i n e 6  along which we 

have e ~ t i c n t e d  and drwt; youur owl conc1ur ; ions  e h c t h c r  ne h&vo 

varied materially from the f r r c t s .  You &re q u i t e  a t  libcrty t o  

ohov t h i o  c s t i x f i t e  t o  m y  of y o u r  uosoc ia t e s  but I will rzerely 

ask t h a t  you otherwise keep it c o n f i d ~ n t i n l  as t tg i~ ins t  p c r r t i e s  

:=rho ~ ; i & t  bc our c o n p e t i t a r s ,  



. . 

20 

This Job is one o f  very particular i n t e r o s t  to ua in 

v i e w  o f  the nature  o f  the foundat i snu .  r e  3hould wke  t i  niost  

conspicuous success  i n  attacking the probleu you have presented 

as our experience along these lines has probal~ly not been enjoyed 

by any other concern in Xike business. We have now built  forty- 

one dams and very many of them have been on foundations of 

I!. treacherous character, - and it is needless t o  say every one has 

1 .  been a pronounced engineer ing  succeas. 

..work. If the'matter 5s referrod back t o  Faellington I aould be 

g lad  t o  go down at  any time and meet the Degartment there for 

d i scuss ion .  

If o n  the other hand the  u t t e r  i s  determined on the 

ground t he  proper s tep aould be f o r  o u r  genera l  s u p e r i n t e n d e n t  

t o  come out on an  appointuent and go over the  whole ~ w t t e r  care- 

fully wi th  you. V e r y  p o s s i b l y  this ought t o  be done axnviLy 

b e f o r e  we savr the Wrjhington au t i ro r i t i eu .  

In p r i v a t e  work -;~e have been ~ccun tc i i~ed  t o  charge our  

ac tua l  t r a v e l l i n g  expenses on insycc t  i o n  trips o f  this character 

with no charge f o r  t h e .  The mount of i n spec t ion  work wliich F ~ C  

do i n  the couroe of a year runs u;i a very forzid&blc bill f o r  

travelling expenses ,  v h i c h  we have f o r  G yclir o r  tno back  arraeas- 

* ed on each ps r ty  oerved, t o  t h e  s a t i s f u c t i ~ n  a f  a l l .  if hawever 

there  is anything i n  the govcrnruent r e g ~ l l h t i o r l ~  wh ich  precludes 

this ! : ~ t . ~ e n t  of t r c r v e l l i r ? ~  expenucr; we v : i l l  -mit-e t h e  r i a t i e r .  

As a t a . t e d  in a forcicr l e t t e r  I understrtnd t h ~ i  o u r  

b u s i n e ~ o  i:,ethode coinc ide  e x u c t l y  with thc r * c : ~ u i r e ~ ; c n t a  of the 



>: 
4. Department, We should ioake you a lump sum charge of say $23,000 ,, 
*;  

rn : 
or ~ i h a t e v e r  o t h e r  suur would bc f i na l ly  deteruined a f t e r  a l l  the r. r, 

oi 
oub-f oundnt ion conditions are known. This BUM would be paid  t o  51 

'-1 

u a  i n  equal monthly ins ta l lments  extending over a tine sufficient $' - 
, & . - 

t o  abeolute ly  inaurc the completion of the work, < 
rn 
in 
:$ 

If you wish ua ' t o  furnish p l an t ,  the preciee na ture  o f  

that plan t  would be determined and we would then furnioh i t  e i the r  

for s fixed depreoiation charge or a per diem rate as you prefer. 

We xould furnish the expert resident superintendent and 

if you deeire it, all the r e e t  o f  the executive force. I n  .this 

particular ( e x c e p t i n g  only the s u p e r i n t e n d e n t )  we should of 

courae accomodate oureelvcs t o  your wishes. 

Be would furGinh skilled o r  unek i l l ed  labor t o  any ex- 

t e n t  ao d e s i r e d  by you and I m i n h  t o  e m p h a t i c a l l y  s t a t e  that 

e v e r y t h i n g  t o  be f u r n i s h e d ,  be i t  l a b o r  o r  any th ing  e l s e ,  i a  fur-  

nished at its exact  coo t  t o  us .  I n  fact you assume the labor on -- 
your p a y  r o l l  and pay i t  d i r e c t ,  i n c l u d i n g  the a u p e r i n t e n d e n t  

end executive f o r c e .  In o t h e r  words  our e n t i r e  p r o f i t  i s  con- 

tained i n  the comnioeion which ge cha rge  and t h e r e  a r c  no con- 

cealed profits or rebates o f  any s o r t  t h roughou t  the e~timate, 

Every th ing  furnished by u s  i s  on  s t r i c t  voucher aubject t o  aud i t .  

It f o l l o w s  t h e r e f o r e  that you end me vou ld  be co-opera t ing  t o  

onc end,  nauicly the c o m p l e t i o n  o f  the  work i n  t h e  quickest .  F O G -  

s i b l e  t i m e  and at the  l e a s t  p o s u i b l e  c o o t .  You recognize  that 

the l a t t e r  i n c e n t i v e  i n  i t s  e f f e c t  on o u r  b u s i n e ~ s  r e p u t a t i o n  is 

a m s t  powcrful  o n e .  It i s  very yare i n d e e d  that we d o  n o t  beat 

our o w r ~  t i u e  c s t i ~ a t c s .  In f k c t  vre hz.ve j u s t  c o l l e c t e d  rt bonus 



f r o m  the  City  of P i t t s f i c l d ,  Vasa., which b c c m e  due under a 

s p e c i a l  t i m e  contract .  

I would add fur ther  that if one of 11s c o m e s  out to 

r discuos  this m t t e r  w i t h  you, we shall wiah t o  bring one of our 

construction books on' oomc completed job ao as t o  show you i n  

detail  the thoroughness with which our cost  accounts are kept, 

and the results exhibited as  the work progresses,  

I w i l l  be pleased to hear f rom you at your convenience 

..................... 
:lp::.$$Apzj . ,~,  ,, -:, . . I . . . . . . . , .  , .y i$h, .ac.b.o~ledgement ,:!, ,: *... .,:.., . . . . .  of the receipt  of the b l u e  p r i n t s .  I have .................... .....t.. . . .  . 0. I . , , 

, . .  
. . . . . . . . . . . . . .  . f . . .  ....................... . . ,  

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

. . 
at'ated already that this  work interests us great ly.  I w i l l  be 

g lad if you will so put us in connection with the proposition 

that  we w i l l  not fail t o  secure it through any laok of diligence 

on our own p a r t ,  

-- , Awaiting your further favors, \.re a r e ,  

Yours very truly ,  

'IT. L, Church 

P re s iden t .  



Preliminary D e t a i l  R o t  i w t e  . 
Yor Proposed Dam a t  Leupp, Arizona. 

Ambursen Hydraulic Construct ion Company, 

C Boston, bfaso. Sept. 14th, 1908. 

Claso~ i i i oa t  ion Qpantit i e e  Unit Costa  

1. Clearing Site n o t  incl,uded 

2.. Hew Buildinge 

3 ,  Xreotion of Plant  

Hauling c: I( 

.4, Coffer  Dam probably nominal Bay 

Pumping included above 
' 5, Cut o f f  Tre,nch 350 yds* 

6. Earth Excavat 1;n 8000 M 

I 7. Rock Excavation 2 0 0  

8, Crushed Stone 
or  Gravel . 6000 

Bou lde r s  1;robably none 

9. Sand (crusher) 5000 R 

10, ~ i x i n g  Concrete 6000 

11, Placing Concrete R n 

12. Placing Steel 455000 lbs. 

13, Form Work on Dam 6000 yds. 

Other Form Work none 

I 14, Blacksmithing 8 

15, Cement Cartage 7500 bbls . 
Cement Handl ing 

and lost bago N II 

Totals' 

# 25001 

2000 

&goo.. + 

. I. 

500. 

1050, 

2400, 

500, 

9000. 

4500 * 

2700. 

3300. 

2275. 

15000. 

3200. 

3750. 

750 



16. Superintendent 8 mo. $300 $ 2400. 

Assistant Guperintendent 8 200. 1600. 

Engineer 8 1, 200 . 1600. 

r Clerks (2) 8 200. 1600. 

17. Cartage misaellaneoua 1000. 

18. ~ m t h  &bankmel~t none 

19. Paving Slope none 

20. Dismantling Plant . 

. . .  21. Road8 and Approaohes not included 
;~;$f~~$$; j$; j~  ....; !. . 

. . .  . ., . . . . .  ..................... ::' . . ,  . .  ............ . . . . .  
22. Back P i l l  none 

la. Stone or Gravel see above 

2a. Sand oee above 

I 3a. Cement - at Kill 7500 bbls. 1.10 8250, 
. . . . .  

$might w N 2.00 15000. 

4a. Rough Lumber 50 B.K. 35.00 1750 

Dressed 

Sa. Hardware 

bn. Steel Reinforcement 455000 lbs. .02 9100. 

Freight and cartago -015 6825. 

7a. Gates - Head and Waste an allowance of 3000. 

8a. F ~ l o s i v c e  Dee rock excavation 

9a. Racks and Screens none 

10a. mel, Oil, V?aste say 

lla. Flashboards none 

12a. Closing Dm1 none 



. r ,  . . . , ...,......- ,, 
3 .. . . . 4 -.1: y w.7: 

138, Sheet P i l i n g  (possibly nonej an allowc~?cc o f  

l4a. Log P i l i n g  not inuluded 

15a. Use o f  Plant 50;b on 24000 

16a. Freight on Plant 

SPILLWAY, the l eng th  of the spillway i s  o f  v i t a l  importance. The 

quest ion  o f  maxinu& d i s c h r g e  has been roughly iisccrte.incd to be 

last of the s p r i n g  f l o o d s  i t  would all have t o  go over the s p i l l -  

The formulas  u s u a l l y  used t o  provide for  a s p i l l w a y  i n  

wetter c o u n t r i e s  w i l l  not work here under the conditions obtain- 

ing. This olaxiniu!, flood ~ r o u l d  be discharged over the spillway of 

4.56 f e e t  with a d e p t h  of 4.7, using the Francis formula. As a 

3 onger s p i l l x i y  :..rill 1esr;en the heights the dykes .iiill have t o  be 

b u i l t  for safety, a l o n g e r  one uight be preferable. With a length 

CV-64 1 7-20 1 NN007784 



of 525 f e e t  the f lood  a c s w c d ,  would have a depth on tho croet o f  

4 . 3  f e e t ;  should we nuke t h e  length 575 feet, the depth would 

then be 4.05 feet. 

C 
With 4 f ee t  over the crest, the additional s to rage  of 

the reservoir would not  be leas than 6000 acre feet which would 

a c t  as a great equa l i ze r  and a a f e t y  valve, 

It was thought, as an a d d i t i o n a l  measure of s a f e t y ,  t o  

build Dyke No, 3 two f e e t  lower than t h e  other onea, and ~ h o u l d  

the floods reaah a stage where the  spi l lway over the dam could 

n o t  .dlschaige it rapidly enough without endangering the eafety 

of the dykes, no, 3 would be topped, and probably go out,  r e -  

l i e v i n g  the preasure at once. The 0bjec t ion .s  to this would be 

that such a volume of water night f l o w  t o  t h e  school  und agency 

[ -., b u i l d i n g s  a t  kcupp m d  d a w g e  them, al though I b e l i e v e  that it 

would be ca red  f o r  by the l one r  lands both e a s t  and south.  There 

would a l s o  be the loso of the water s t o r e d  i n  the r e s e r v o i r  down 

t o  tho 526 contour. It r;?i;;!lt be advisable to pu.t i n  some kind 

of a ~ p i i l a a y  at this p o i n t  that c o n l d  b e  to i~ped without  go ing  

out .  I would B U E ; ~ C E ~  in this co i lnec t ion  a c o n c r e t e  core wall o r  

a row o f   teal sheet p i l i n g .  These are d c t ~ i l s  tha t  would.  of 

necessity have t o  b e  worked o u t  l a t e r  if the p r o j e c t  i s  built. 

Computations of the m o u n t  of rnatxrial i n  t h e s e  dykes at 

v a r i o u e  heights have been r:lrzde, t o  enable  comparisons t o  be m d e  

. . . . but i f  the dam i s  b u i l t  t o  e l .  557, t h o  dykes  should be t o  e l .  

542. 

If lower he ight8  c ~ f  d m  a re  uned ,  the s to rage  capacity 

w i l l  bo materially decreased. 



LAm> AVAILAIjLE ~~ The l and  a v a i l a b l e  cornea i n  three separate 

143CESSARY DITCHES. t racts ,  o r  ra ther  under three  ditcheo. Undsr 

the south s ide  ditch t he re  is a total of about 1760 acres, some 

of 'it rather i n d i f f e r e n t  quality, This di tch  w i l l  be ten miles 
a . . 

. . .  
long t o  cover this amount of land, . . 

. . 

On the north aide of the river we f i n d  moet o f .  the good 

land. Within t w o  miles and a half of the dam i s  a compact, body 

of  l and  o f  about 1204 acres.  his is all good land, and t o  cover 

i t  all the main ditch would g o  t o  about mile 4&, o r  a l i t t l e  

more than 53 milee from tixi am. Below this is abtiut 200-&as 

of poorer l a n d  and below s t i l l  fu r the r  is another body of 220 

ac re s  o f  exce l l en t  l n n d .  Below t h e  10 mile p o i n t  i a  a body o f  
1% 

over 5000 acreo  of good lnnd, the map ahows about 3400 acres of 

i t  being  covered by the d i t c h  to i t s  14 n i l e  s o i n t .  "i cover 

t h e  balance of the land i n  t h i s  tract w i l l  nced a n  extension o f  

the  ditch, or the building of  several n i l c s  of n a i n  Izterals. 

The l a n d  t h a t  lies around the School and Agency at Leupp 

can be irrigated fro12 the  Iiescrvoir when i t  has wcter s t a n d i n g  

niore than 6 feet above the m i i n  t u n n e l  dischsrge. By taking 

water from a point at Dyke No. 2 at elevation 522 any of the top 

15 f e e t  of water nay be drawn from this €;ate.  There is probably 

1000 acres  o f  lagd that can be watered from thiu g a t e  of which 

i t  i u  e s t i m t e d  600 acres can be c o n o i d e r o d  good l and ,  thuGh 

aoue of it will need more or less leveling. If a l l  of the 

ditches are b u i l t  as ohol:m on uap - Proposition 1 1 0 .  1, a n d  the 

neceascry l a t e r a l s ,  -1.v xi11 have 



On n o r t h  a ide  o f  River 7044 acre8 

w ~ o u t h  fl n R 1760 1, 

Under h igh  o u t l e t  

Total 

. - 

Miles main c a n a l  24, 
. , .  

If. p r o p o s i t i o n  No, 2 is  b u i l t ,  (see below),  carrying the 

north s ide  ditoh on ly  t o  mile 49, and l eav ing  out the 420 a c r e s  

of land lying between that p o i n t  and mile 9* me will have 
. . . . .  . s . . . . . . . .  . . . . . .  .................... . . . .  

, . .  ' : .  . . . . . . . . . . . . . . .  :. . . .  ; . . . . . . . .  . . . . . . . .  :On, . . .  north, aide o f  River 5624 acre. , , . . . . ............. , . . . ................ . . . . : . . . . . . . .  , . , . 
. . 

w B O U ~ ~  a (I a 1760 

Under h igh  o u t l e t '  600 

T o t a l  7984 

Niles main c a n a l  202 milea.  

The l m d  on the n o r t h  a ide  o f  the r i v e r  io s l i g h t l y  

rough i n  places; i n  o the r s ,  can be i r r i g a t e d  with a m i n i m u  o f  

leveling o r  o the r  p repara t ion .  On the s01ii;h s i d e  it is no t  quite 

s o  good. The q u a l i t y  of the s o i l  i~ not q u i t e  equal t o  most o f  

that on the nort l i  s i d e ,  and n e a r  Tolchaco t h e r e  io sone alkali 

in t h e  s o i l .  

TWO PROPOSED The t w o  propositions are u s  f o l l o ~ s :  

DITCII SYSTEKS. Propos i t ion  ?To. 1 i s  t o  b u i l d  the ditcheu a3 ohown 

on. t h e  nap i n  oo l id  l i n e s ,  c a r r y i n g  the f! i l l  m o u n t  o f  water from 

the  dara t o  the mouth of the canyon. A t  this point  the  d i tcheu 

branch. One,  t he  l a r g e r  one, w i l l  c roos  the  r i v e r  by means o f  

un invcr t cd  a iphon ,  us ing  woaden stave p i p e ,  and  e x t e n d  d o m  on 

t h e  n o r t h  a i d e  of t h e  r i t ~ e r  cr distnncs of 14 ailes f r o c  t he  



f o r k a ,  covering 5024 a c r e s  of land. Prom about 84 milea t o  10 5 
.. -4 

x 
rn 

ai les  the canal  will be i n  the  canyon o f  the r iver  and vould be 
h - 

i n  rock l a r g e l y I  and subject t o  overflorv during extremes of high 2 
water. Thn ~outh side branch  would be ten miles long from the t . ' .  8 

2 
d m  and would cover 1760 acrea o f  land. In  t h i s  p;opooition, t-v < vr 

the north side di tch would be the main one. 

In  Propos i t ion  No, 2, and the one that is conaidered tho 

bet ter  one, the n o r t h  side di tch  will only be b u i l t  t o  m i l e  4*, 

and would cover 1204 a c r e s  o f  land,  and would o n l y  need t o  be a 
- ,  - .  

a m a l l  ditch. The aouth s ide  ditch then would %ecome the .large 

one t o  n p o i n t  a t  about 79 miles .  A t  this p o i n t  a c ross  ditch 

would be built as shown by the broken l i n e ,  crossing the river 

with a siphon, and connect wi th  the n o r t h  s i de  d i t c h  a t  a p o i n t  

9+ miles from the j unc t ion .  Thio would add about two m i l e u  on 

the oowth s i d e  and eliminate about 5 miles o f  heavy c o n ~ t r u c t i o n  

on the n o r t h  side, and also add a second siphon, By u s i n g  the 

second propos i t ion  420 acres o f  l a n d  i8 left ou t ,  b u t  thiu can 

be reached at  any t ime  by buildinc a lateral f r o u  t h e  n o r t h  a i d e  

d i t c h .  

PBCAPITULATIOX, I n  b r i e f ,  t h i s  i s  a p r o j e c t  t o  a t o r e  the  natcr 

o f  Canyon Diablo i n  a r e s e r v o i r ,  near Lcupp, that will havc a 

capac i ty  of 11,617 acre f e e t ,  and a n  area of water surface of 

90 acres. 

The r e s e r v o i r  i~ lcade by EL d m ,  yrcfcrably  01 the [;ravity 

or b u t t r e s s  type, w i t h  a egillwey over u o c t  o f  i t s  l o n ~ t h ,  and 

f i v e  e a r t h e n  dykes closiny: ,?u.-s i n  t h e  ridr:e alonf:  the north of 

t h o  r e c u r v a i r  site. 



The total area of land below the reservoir and under the 

proposed ditches will be about 7384 acres, with an additional 

.area of 2000 acres that can be reached by a small exteneion of 

the ditch system, 

There will also be about  600 a c r e s  around Leupy t h a t  can -. 
be reached by n high l i n e  discharge and ditch t t k i n g  water 6 feet 

above the point t h a t  the main syetcm w i l l  d ischarge,  

This w i l l  g ive a totrl o f  approximately 8000 ucrea that 

can be covered by thz p roposed  s y s t e a ,  and t o  have s u f f i c i e n t  

m t e r  f o r  this  urea ,  with z d u t y  of v i ~ t e r  a t  5.5 S e e t ,  t he  r e s -  

e r v o i r  ~ h o u l d  bc f il1e.d 4; tincs each year ,  Kith tha mal l  

m o u n t  of howledcc  of t h e  dizchnrge of the) canyon t h e r e  i s  no 

c e r t a i n t y  whether t h e r e  i a  this zuiount o f  f lov:  ai tile right, -- 
times of  the year, a l though i t  is prestued that t h e r e  i s  several  

.I- 

t i w a  Lhia diecharge du r ing  each year, 

US3. The basis for t he  value of any p ~ o p o s i t i o n  i o  i t s  b e n e f i c i a l  

w e ,  In t h e  caac under  c o n s i d e r a t i o n  ito h e n e f ~ c i a l  use would 

have to bc provided for by inducing the Indians  t o  f a m ,  bring- 

ing in IncSn!ze f ~ ' i l n ;  other plzcc!s aml t.eachin,y ttli~:il h ~ ~ i  t o  ufje the 

\',.El t e r . 



Thc las t  published report of the Commissioner of Indian 

Affairs gives the population of the Navajo Extension as 450. 

On the baois o f  f i v e  t o  the fanily, th i s  would give 30 families 

r that l i v e  i n  the reservation - with say 100 able bodied men. 
4 

If ten acres was al lowed each family, or rather each 

able bodled \mn, about 1000 aores would be used. 

The sane report puts the total number of Uavajoe on the 

ent i re  llavajo Reservation under four superintendant8 as 20,450 

snd'the number of Hopi Indians a8 2,135. These Indiana all in- 

habit the country to the n o r t h h f  t h i ~  project ,  and it i o  vdry 

probable that quite a number of the 22,000 Indians could be in- 

duced to move south and s e t t l e  on this  l and  and c u l t i v a t e  it. 

It i s  a fac t ,  however, that the Navajo i s  not, and never 

will be, at least far genera t ions ,  2. farmer. He is a h e r d e m ,  

and a noxuad. Those 0% t h e  tribe who now c u l t i v c t e  the soil do 

it as a s i d e  issue to their stock i n t e r e c t s ,  and cunnot be in- 

duced to -raise nore than they need f o r  the actual  consvm~tion of 

the i r  own inmediate f a m i l i e s ,  But the re turned  students that 

have been t o  the  non reserv l i t ion  school8 where apiculture is 

taught cou ld  undoubtedly be induced to settle where they could 

be aaaured of n ch~nce to have a nice farn and assured water 

The IIopi Ind i an  is more of a f ~ r r n e r ,  and the reservation 

on which they l i v e  is an a b s o l u t e  d e s e r t ,  and i t  i s  a serious 

p r o b l e ~ :  how t o  assist them t o  becom n o r e  pro(:ressive and  elf 

supporting, Sam of tl~er,l are nov; at; Tuba, on ',lavnjo l a n d ,  

where t hey  can get weter Pror:: Reservoir Canyon that is now being 



l4 , 
Juan River in the northern part of the ~eaervatlon, and this 

project in the  aouthern, 

Should the Department decide that it would be a good p l a n  

" t o  bu i ld  this Reservoir, and could only plaoe Indiana on part of 
........... ?$g$$$j?$$ ............... : the area, the balance could be sold to white settlere, if i t w a e  
. . . .  

deemed wise to open the Peservation, and the money derived from 

the sale of the lands, used t o  reimburse the Treasury f o r  the pro 

rata cost of the project. \ 

COST AND 

............... r. -.\--- . . .  

e t r ibe would 

It is a fact that on tho entire Heeervation of both of 

OTHER DXTAILS'. For detailed cost  erheet and other details aee the 1. . : ::: i:::;;; :, 

1 
following pages where i t  is tabulated under various heads. 

4 
'1 On the p r e l i ~ ~ i n a r y  es t imates ;  the dax is estinated t o  
1 , ......... ........... :.& .................. , ................ coot $178,000. The dykes, di tches  and o t h e r  work, including two 

miles of distributinc l a t e r a l  d i t c h e s  i s  $104,786,, a t o t a l  of 

$282,736. 

Thia mould give a cost of $35.35 per acre for the land 

covered, and i f  l a t e r ,  i t  i s  found that t h e  water supply just -  

ifies it, 2000 additional acres m y  be included at a cost not to 

. , \ I  exceed $10.00 per acre. 

The e s t i w t e a  art? only ;~reli::dnary as n e i t h e r  ditches nor 

dyke8 huve becm crosn acctioned, b u t  i t  i s  be l i eved  that  the 
> 

yai-dace is r:iorc than w i l l  be f o u n d  on actual location, so the  
....... ..: .. . . 





Report of Ass i s t an t  Engineer R. O. Rueh. 

Albuquerque N. M. 

Sept. l o t h ,  1908. 

Mr. H. F. Robinaon, 

Superintendent o f  I r r i g a t i o n ,  

Albuquerque, I. E. 

Sir : 

Ae inetructed by you, I W e  made n tupographiual survey 

of a reservoir a i t e  and l and  t o  b e  irrigated therefrom s$:,l,eupp, ., . .  . . 

Arizona, Herewith is ny r e p o r t  on s m e .  

The proposed d m  a c r o s s  Canon Diab1.0 w i l l  be approximate- 

l y  600 f e e t  long. Uning t h e  bo-t.tolz of t h e  canon as a base f o r  

levels and b u i l d i n g  a dam 37 f e e t  high, the  r e s e r v o i r  w i l l  hold 

11,617 acre  f e e t .  For a dan this h e i g h t ,  f o u r  dykes w i l l  have 

t o  be b u i l t .  

Dyke No. 1 sill be at an e l .  of 540 f e e t ,  l eng th ,  1600 

f e c t ,  ~l~aximum h e i e h t  8 f e c t ,  naterinl r e q u i r e d  3441 cubic yards 

a p p r o x i m t e l y  . 
Dykc Yo. 2 w i l l  be at an e l .  of 540 f e e t ,  l eng th  3750 

f e e t ,  naxinim h e i g h t  l e  f e e t ,  m a t e r i a l  required 28,765 cub ic  

yards, approxins te ly  . 
Dyke No. 3 w i l l  be at en  e l .  of 550 f e e t ,  l e n g t h  380 

fect, moxiwm h e i g h t  1 2  f ee t ,  m a t e r i a l  r equ i red  3909 cubic yards 

approximataly . 
Dyke ?lo. 4 w i l l  be at  a n  e l .  of 540 f e e t ,  l eng th  800 

f e e t ,  nax iuw h e i g h t  12  f e c t ,  x m t e r i a l  required 3025 cubic yards 

approxiuutcly.  



With a dm. 35 f c c t  high, the reservoir w i l l  ho ld  9742 

approximately , 

nyke No. 4 w i l l  be at an el* o f  536 fcet, l o n g t h  380 , 

f e e t ,  maxili~un height 10 f ~ e t ,  natcrial reqcired 1967 cubic yards 

Thio makes a total o f  26,110 cubic y ~ r d s ,  (approximately) 

of &aterial r equ i red  f o r  dykes with dan at 35 feet in height. 

If it is decided that dykeo built t o  ths height s ta ted  

above do n o t  give u sufficient factor of  safety m d  if it is 

thought best t o  build dykes two  f e e t  higher - t h e n ,  

Dyke KO, 1 w i l l  be at an cl, o f  542 f e e t ,  length  2050 

f e e t ,  uaxiuulrl height 10 f e e t ,  saterial r e q u i r e d  6271 cubic yardo 

approximately. 

Dyke No. 2 \;ill. be at an e l .  of 542 f e e t ,  length 5980 

f e e t ,  w-~L:w~ height 20 f c e t  , m t e r i i l l  rcrpircd 39, ssi! cubic  

, . 



yarda , approxinately . 
Dyke Bo. 3 will be at an el. or  540 f e e t ,  length 390 

feet, maximum height 14 f e c t ,  material required 4050 cubic yards 

approximately. 
c 

Dyke No,  4 w i l l  be at an el, of 542 f e e t ,  lenqth L150 

feet, maximum height 14 f e e t ,  material required 4716 cubic k d s  

approximately. 

Dyke No. 5 will be at an el. of 542 feet, length: 1650 

feet, maximum height 4 f ee t ,  material required 1773 aubic yards 

approximately. 

This makes a total of 56,368 cubic yards (approximately) 

of material required for dykes built t o  the above heights ,  
1.. 

If a t  any t ime,  water backo up i n  reservoi r  t o  such a 

I' 
height as t o  put tho dykes in danger, then Dyke ITo. 3 will go 

o u t ,  Hence the reason for making this dyke (2) two feet lower  

in  each o f  the above cases. 

The a o r e  f e e t  were ob ta ined  o n  the supposition that 

water would bc taken out of the reservoir a t  an elevat ion o f  

516 f e e t .  

J?r.  !?axwell, the agen t  at  Leupp, says that a groat deal 

o f  water c o m a  down the  Canon Diablo every year, 

The drift l i n e  folloss approzirnately the 51g contour .  

As to mtcria l  f o r  building the d u e 4  

Sand f o r  concre te  can bs ob ta ined  xithin .;- m i l e  of tho d m  e i t c .  

Rock f o r  concrete cun be obtained w i t h i n  a f e a  Ilundl-ed f e e t  of 

the d m  b i t e .  It will be neccuosry to put in a rock crusher and 

t o  quarry this rock. There ie n o  gravel i n  t h e  v i c i n i t y  that is 



fit f o r  concrete ,  Water for concrete can be obtained by boring 

a well a t  tho s i t e .  Sufficient water can be g o t  within 30 or 40 

feet of tho surface. ?%tcr  onn be piped  frou the tank at Loupp, 

which io ~omcthing like a m i l e  and a half away. The capacity of 
F the pump that fill&. t h i s  tank i a  about 2005 g d l o n s  per hour, 

Canon Diablo drains s very large area, but from the in- 

formation given me by the people  at Lenpp, very l i t t l e  silt is 

washed in. 

length with n dro? o f  2-> f e e t  per  n i le  and covers  a2proxinztely 

1760 acres. Only a v e r y  r~a11 :;art i l : i l l  r e q u i r e  m y  rock work, 

Ahout half af the land a11 t h i s  3 i . d ~  of the r i v e r  i s  very p o o r ,  

The proposed darn site i a  s i tuated between bluffs  on each 

aide b f  the Eanon. A rock ledge extends about 170 feet across 

pmt of the site, Test p o t s  have been put down 18 f a c t  b'eyoncl 

this ledge and found nothing but made d i r t ,  So the greater 

p o r t i o n  of the d m  must be f i gured  on ao having a soft foun- 

dation. 

Xaterial f o r  the dykes can be borrowed almgside with 

only a berm l e f t  between t ~ e  of dyke and borrow p i t ,  

A gate can be put i n  Dyke Ho. 2, xhich can bc used to 

i r r i g a t e  a school farx; but water cannot  be takcn f r o m  this gate 

when water in the rese rvo i r  i s  l o w ,  

A s  t o  the lands t o  5 e  irrigated. 

The accompanying mag shorn approximately 6500 t o  7000 acres of 

l a n d  avai lable ,  The d i t c h  io t o  bc takcn out at rin elevation of 

516. This d i t c h  will g o  down t h c  canon t o  the L i t t l t ?  Colorado 

f i iver.  On the so~zth s ide  of the r i v e r  the d i t c h  i s  10 ~ z i l c a  in 
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Tho other half i r ;  fairly good land, To put a di tch down the 

north aide of the r i v e r  m i e s  it nscesvary Lo siphon the river 

just belorr the ruouth of the Can011 Dirrblo. In putting the ditah 

aoroas the river the loser of head causod by the ~ i p h o n  has beon 

taken at three f e e t ,  There w i l l  be no rock work on t d i s  ditch 

s a  fw as mile f ive .  The area covered to this point amounts to 

approximately 1204 acres, all of which is good land. 

From mile 5 to mile 02 the ditch w i l l  cover approximately 

440 acres, There w i l l  be no rock work on t h i o  portion. Also 

200 acres of t h i ~  land i a  very poor,  

Proxu mils 83 to mile 10 2000 feat the river Goes between 

rocky  bluff^. The b w ~ k  is very narrow. This portion of the 

ditch w i l l  'be u o o t l y  rock work and wili be very expenoiver and 

will bc subject to o v e r f l o ~  every year. Fron m i l e  10 2000 feet 

to mile 14,  the  end ,  the ditch will be easy cons t ruc t ion  and will 

cover trpproxiclatcly 3400 acres. It can be extended, provided 

.t.herc is s u f x ' i c i e n ~  water to cover between LOO0 and 2000 m r e s  

L O ~ C  l b n d  -Lhn i~ 8 h o m  oli the  imp. W l  of t h i s  i s  good l a n d  

and the g rea t e r  p a r t  will need no clearing or sruoothing off in 

ordor far it to bc cultivated. 

To eeva building ditch on north side of river fro;; ~ i l e  

4: to u l e  9ir, 

S t a r t i n g  uC u i l e  7 5300 f e e t  of t h e  d i t c h  an t h e  south 

aide 02 the r l v e r  and b u i l d i n ?  d i t c h  around the hill as s'no1:n on 

the mu;) for u diotuncc  oS 1 c i i ln  3800 S e c t .  Siphon the r ive r  at 

tiiicj 1,oinL connec t inr ;  w i t h  Lhc o r i g i n a l  d i t c h  on the aoiith s i d e  

t r t  x i l c  7). Thiti will ,i;ive 7 i  f e e t  to tlllo:: f o r  l o s s  in uiiJhon,  



Respectfully, 

R. G. Bush 

Assistant Engineer. 



=%%%== 11617 acre ,'$i;,et. .' 
I 

Area  of ~ e & v o i r  f u l l ,  980 d,ke$. 
: t 

Average depth, 1185 feat'. ' ! 



DYKBS, - Length, Haximum Iteight and Contents. 

.Length 1600' 
Haximum Heigkaf ' 8 
Hater ial' '-' 3441 cubic ysrds 

No. 2 .  

Elevation 38 

19987 cubic yards 

Elevation 40 

3750' 
.18 9 

28765 aubic yarde 

Length ' 2050' 
Maxinnlm Height 10 ' 
Xaterial 6271 cubic yards 

Elevation 42 

3900' 
20 ' 

39558 cubic yards 

Elevation 36 Elevat ion  38 

Length 350' 
l,laxirnun Height 10 
Material 2807 cubic yards 

Elevation 38 

Length . 3801 
Naximum Height 12' 
Hater ial 3909 cubic yards 

Length 390' 
Ihximum He ight 14 
Mate r i d  4050 oubic yards 

380 
10 ' 

1967 cubic yards 

Elevation 40 

300 
12 ' 

5025 cubic yards 

Elevation 42 

1150 
14 

4716 cubic  yards 



E'ron the u p  it looks as if the cross drainage would 

have to be provided f o r  i n  eight p l a c e e ,  this seems rather's 
. , 

(- small number. However h u w  eetFmotted 8 @ $250. eaah, or $2000. 

on the ditch l i n e ;  and for the  two siphons 150 yards conarete 

8 $20. per yard or $3000, Total $fj000. 

Lateral Headgatea or Turnouts, 

. . For BriQgca, Blumea, etc . ,  have added $1000., making a 

total for o t r u c t u r c s  $7000. 
--.- 

For slope paving it i a  assuned that the paving w i l l  be 

one f o o t  t h i ck ,  and t h e  total s lopeo of all of t h e  dykes is 

11,886 square yardo. Tha total quantity of rock needed will be 

3,962 cubic yards. 









PROPOSITION No, 2 ,  

Estimte i n  detail w i t h  u n i t  c o s t a ,  

Dykes, t o  e l .  5742 
Earth - 5'tj,368 cu, y d s .  @ 25 c e n t e  cu.  yd. 
S l o p e  paving - @ 50 sq. yd. 

. Outlet  a t  high e l e v a t i o n  - es t imated  

Ditchea. 
3xoavation Class I 

105,800 cue yda .  @ 25 c e n t a  ou. yd. 
3200 cu. yde. net @ $1. c u e  yd. 

B o a v a t i o n  Class I11  
1 5 , 5 0 0 ' ~ ~ .  yda.  8 $1, ou.yd. 

S i ~ h o n a .  
No, 1. I 

Concrete,  r e i n f o s o e d  - 
75 cu, yda,  a $20. au. yd, 

Stave  Pipe - 350' (24-n) O $4. f t .  
Facavat ion ,  met - 

1200 cu, yds, @ $1, cum yd. 
No, 2. 
Concrete,  r e i n f o r c e d  - 

75 cue yds, O $20. cu.  yd, 
Stave Pipe - 700'  (30") @ $4.50 fit. 
mavation, set - 

3000 ou, yde. 43 $1, au. yd. 

D&n. see d e t a i l  Ambureen letter 
Estimated - t o t a l  coe t  

Bstimated oocrt per acre  $35.35 
I 

I 

I 
I 

I 


