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TOLAM LAEES DEVELOPMENT 

Sitme submitting q y  repor t  of ~ov. 16th. on the foregoing pro$&, moh 
i n  the way of add i t iona l  informative data r e l a t i v e  t o  the  projeot  has been 
gathered. 

Authenticr reoords of the 8.S.G.S. W t e r  Supply papers were used dating 
from Oot. 1926 t o  Sept. 1934, which oover t h e  lcnomn runoff of the Moenkopi 
Wash i n  aors  feet .  Theee reoords were used as a baa% 8 f o r  es tab l i sh ing  a 
mean ar\nurI runoff expeotanay from the Orabbi Viash, whioh i s  t o  be given 
prinr !r oonsideration i n  t h i s  report, 

Ths, ddoenkopi dash being the  only stream running i n t o  t he  L i t t l e  Colorado 
River from i t s  Northeasterly watershed, whbh oan be used f o r  oomparison 
and whioh has a watershed whioh i s  aonsidered oomparable in oharactar  and 
rainfall. 

The average annual runoff of the Moenkopi dash for 8 years i e  17,705 
Ao. Ft, The records shuw t h i s  runoff f l o w  h i t  peaks during 2 of t he  8 years  
and a l s o  h i t  decided slupms i n  runoff flow during 2 of the  8 years, with 
6 of t h e  8 years  showing l e s s  runoff than that of the average for the whole 
time. This would ind ioa te  that the f igure  determined fo r  t h e  average annual 
runoff i s  t o o  high and not a t r u e  value. 

However by using t h i s  average annual f i gu re  of 17,705 Aa.Ft. for  t h e  2270 
eq. .miles of m te r shed  on the  IiToenkopi r'lash, gives a resu l tan t  of 7.8 AcoFTo 
runoff per sq. mi, of mtershed.  By eliminating t h e  2 peak years of flow 
the  r e su l t an t  i s  approximtely  4 ACoFto punoff per sq.mi, of watershed. 
One of the l e a n  y e t ~ v s  of f?ow shms a nlinlmln rasul-nt of orily 2 -4c.Pt. 
per s q.1~1. of watershed, wi th  t he  other  l e a n  year showing only s l i gh t l y  
higher, The highest of the peak runoff yeare shows er r e su l t an t  o f  be t t e r  
than 20 Ao.Ft. runoff p9r sq.nb. of watershed. 
It i s  reoal led that the  Oraibi iiash waterehed oontains 728 sq. rrdlee, 

while that of the  Polaaoa Wash oontains 1105 sq. n i l es .  
Follawing i s  given t h e  Moenkopi l a s h  ruuoff as taken from t h e  U e S o G e S e  

8ater Supply pttpersr 
Year Aore Feet ban Seo. 1%. i33xinaun Sea Ft 

1927 9,750 13.5 12,900 
1928 4,610 6.2 3,800 
1929 41,200 56.8 15,100 
1930 46,000 63 e6 14,100 
1931 6,500 7 -6 2,760 
1932 7,890 10.9 5,300 
1933 10,200 14.1 4,400 
1934 16- 590 
Totals8 8 ~ -  
Means a * 

17 705 -Ztm equals 7.7995 average annual runoff i n  ac re  f e e t  per rq. mile . 
of m t e r s h e d  from the Moenkopi kvash. 

The Oraibi $ash expected runoff qquaAs 728 x 7.8 or 5678.4 Aa. Ft;. 

The Polacoa 'Sfhsh expected runoff eqimla 1105 x 7.8 or 8619 Ao. Ft. 

The maximm o r  peak flood during the recorded tine being equal t o  
6.652 sec. f t ,  per sq. mile of watershed. 



Yr. 
27 
28 
29 
30 
31 
32 
33 
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t o  f l a w  by month13 i s  ae follows t I n  Ao. Ft, 

~ o t  Nov Do0 Jan Feb Mar Apl 
301 376 369 400 328 289 4 
117 518 443 566 265 338 30 
851 716 424 210 121 169 143 
430 321 298 405 268 137 89 
925 294 250 353 385 156 60 
961 361 309 331 2890 194 33 
535 263 238 229 412 237 105 

Ju l  .Aug 
1610 234 ?766 

6 , 234 1E8O 
0 8530 18000 
2 12100 30600 
2 1150 930 

14 727 1590 
0 6100 2010 

34 5210 463 325 339 240 69 261 338 38 700 8430 186 
Totr mmF mm 'm mmmm 

The runoff i n  aor0 f e e t  per sq. mile, of watershed per month i s  ae f o l l m r  
0.481 0.182 5.1146 as158 0270 ,087 0040 0047 0092 1,584 3.518 1.194 

i'his f l ow  applied t o  the watershed of the Oraibi Ylash would produoe as  f o l l m t  

350 133 106 116 197 63 29 34 67 1158 2661 869 
Vihich &ows a t o t a l  flaw over the average year of 5678 Ao. Ft,, with 4583 AoaFtr 
of tha t  t o t a l  ooming during July, Augutrt and Sept. while the ?%Same of 1095 
Ao.Ft;. coma during O h  t o  June imlus ive  or nine month of the year, whioh 
does not show a very equikable d is t r ibut ion  of flow and therefore w i l l  neooss- 
i t a t e  the s tor ing of flood flow of the summer and f a l l  runoff, t o  be carried 
thraugh t h e  winter i n  ordor t o  havj wator available fo r  8prSng and early SUIP 

mer irrigation, when it i s  most ~eeded. 
The above rates of rwoff  per aq. mile of watershed per mnth a re  applicable 

t o  any c amparable wa t;ershed r'unning i n to  the L i t t l e  Colorado River from the 
Northeastern portion of its matershed. 

Sinoe the faotor of 7,,8 Ac, Ft. runoff per  aq. mile of watershed cpplied t o  
the  Oraibi watershed i n d i o d e s  an average annual disaharge of 5678 Aoo Ft. 
+his  mans sJ.ightly lesrs tha? 0.15 inohes of r a in fa l l  runoff over t h a t  area, 

Due t o  water losses from percolation, evaporation and other means unknown 
with the faot staring m e  An the faoe of a possible drought oomilng most any 
year, it w a s  deented untra conservative t o  hold the  agrioul tural  development 
down t o  cpproximtely 1000 Bores, whioh it i s  believed oan be adequately i r r i -  
gated even i n  a sub-normc~l p a r .  iiith t h e  working plan of the progeok s o  
designed and l a id  out thut Jue advantage o u  be taken of a l l  of the s+ouli.ed 
margine.1 or surplus water zvailable during e i the r  a noam1 or ab-nor~al  year. 

The plan i n  general i s  t o  construct a dike wi th  the di toh o;r borrow p i t  azl 
t he  upper side, just  b e l w  o r  south of the  abrupt turn or swing i n  the Oraibi 
ohannel at  approximately an elevation of 4950 ft. as sketohed on tho map pre- 
pared. The dike u t  this point should be aonstruoted on a long radius ourvs 
t o  the 7ieat ntraightening out t o  flow d!reotly in to  the present o h i n  of lakes. 

Cheok or oontrol gates should be aonstruoted in a bridge on the ~ m i n  Oraibi 
highmy, and t h e  heavily laden peak floods oarr ied c n  through t,%se gates and 
spread over the  range land lying Northwesterly of the highaffay, olear on d m  
t o  the Dinnebito dash if  found expedient t o  do so. After the peak flood bas 
passed t h e  bridge gates cnn then be olosed and the flow diverted through gates 
leading in to  t h e  sborage reservoir, from whioh the water oan be dis t r ibuted 
a s  needed for i r r iga t ion ,  N o  definite figures a re  ye t  available on the pose- 
i b l e  storage, but it is believed tha t  approximately 2000 t o  2500 acre f e e t  
may be stored from the summer floods. 
Another angle of the proposed project i s  t o  establ ish possibly 3 minor dive* 

s ion  g; es direot ly through the main diversion dike, i n  order t o  take advantage 
of the diversion of the norm1 f l ~ 6 ,  us w e l l  as  psr t ioipate  t o  some extent in 



-3- 
e m  of the flows of t h e  sumer  f100dsb This l a t t e r  however i s  submitted 
oontingcnt on other faotors  of the  p ro j so t  whioh a r e  open f o r  dfsoussicm 
i n  many pbsesm 

A rough e s t i m t e  of t h e  yardage required i n  aU of tho e a r t h  dfkes and 
dams, exolusive of any whioh may be b u i l t  f o r  a spreading system, i e  about 
125,000 ou. ydsb another 25,000 t o  30,000 ou. yds W.11 be required on t h e  
ditoh and l a t e r a l  d i s t r i b u t i o n  system, 

This ea r th  construotion should be handled a t  not t o  exoeed 15$ per ou.yd. 
with adequate poier equipment;, but i f  teams a r e  t o  be used it would be qu i t e  
d i f f i o u l t  t o  mke  an e s t i m t e  of t h e  oocit, or time required t o  oomplete t h e  
projeot. 

I have nut a s  ye t  gone i n t o  d e t a i l  as  t o  oosts on suoh s t ruo tures  a s  m i n  
headgai;ee, d ivers iom eto. primarily beoause of t h e  laok of t i m e  and t h e  
neoesaary data,  and l a rge ly  due t o  await ing t he  f i n a l  approval of the gen- 
e r a l  plan of soheme of the  project ,  before advancing t oo  f a r  a l q  on plam. 

A oonferenoe with arm Lovald and 1W3 Fillbey of the  So t l s  Division show 
from t h e i r  survey of t h i s  area,  t h a t  a high peroentago of t h e  land proposed 
f o r  ag r iou l t u r a l  development t o  be of C1s.s~ A and B types, some of it being 
a t  present farmed by t h e  Indiaas. i'k a l s o  disoussed t he  need af t e s t s  being 
oarr ied on f o r  a determination of t h e  ground water-table f luotuat ione i f  t he r e  
be q, par t iou la r ly  i n  the area t o  be farmed and i r r igated.  Indioations 
aru that the  present arater t ab le  is  f a i r l y  close t o  the surfaoe a* present 
in oe r t a in  port ions of the  area,  and were de f in i t e  da ta  of t h i s  kind avai l -  
able  it no doubt would be of oonsiderable value t o  the  Agrotlongr and Fores t ry  
Divisions i n  planning t h e i r  crop d i s t r i bu t i ou  and p l a n t b g  looations. 

Shortly a f t e r  the  November meeting on this projeot ,  MF. Ray Walker a o s m  
panied me on a . t r ip  of examination of the middle-upper pmtereheds of the  
Oraibi, Polacoa and J e d i t t o  alIashesm Yle f a d  only on0 projeot  on the  Oraibi 
of oonsidered merit, ou*J vrhioh was developed by the  Iudian I r r i g a t i o n  Semioe 
there they constructed a m.socry a v e r s i o n  dam on outoropying bodrook,  long 
with 1& t o  2 wiles of diversion ditoh, having two 5 ft. drops i n  t h a t  length. 
I understand t h i s  work was done about 2 ysa rs  ago, a:ad no benefioial  use 

has been nade of it sinoe. Their preliminary p l a t  of t h i s  project  shows a 
t r a o t  of 230 acres  i r r i g a b l e  area with a poss ible  extension of 250 aores, 
I note from the  repor t  of t h e  Water Spreading Co.mmittee, t h a t  t h l , ~  krojeot  

shows a possible i r r i g a b l e  a rea  of 300 aores  w i t h  ari cL;lciitional 20') @ores 
subjeot t o  water spreading. I t  i s  my be l i e f  r'rom a oasual su, oey t':at this 
project  would provide wi th  an adequately designed divers ion and \;;is+8ribution 
system, almost twice t h e  estbntited amount of i r r i gab l e  l and  made by the  1.I.S. 
i n  addi t ion t o  a considerable amount of spreading ground. I hereby s t rongly 
rbcaommend it as a pro jec t  f o r  irmrediate f u r t h e r  inves t iga t ion  and oonsider- 
a t icn ,  by our Seyvioe, 

?vk examined several other s i t e s  on the  Polacca Wash and i t s  t r i bu t a r i e s ,  
no attb-mt being made t o  estimate aorcage on any of these  l a t t e r ,  a l l  ctf 

which U O U L ~  be given ser ious  oonaideration by our Servioe, depending on j u s t  
how far we want t o  g i n t o  t h e  heavier type of diversion oonstruotion, as 
they a l l  have ti d i r eo t  r e l a t i o n  t o  water and s o i l  conservation work, serving 
a dual purpose of oonserving water and re ta rd ing  s o i l  eros ion as Werr as  
a iding t h e  looa l  Inclian f a r m r s  and enhancing his rangeland by spreading. 
Qne par t iou la r  clich pro jeo t  l i e s  near Pinon on the  Wpo Wash, where a wide 

shallow vmsh i s  cu t t i ng  through a wide l e v e l  val ley of good s o i l ,  ~i%twrrrl 
oonditiona therefore being 02 the best, f o r  our purpose of e i t h e r  irr.'&ation 
or spreading or both. 
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Two similar projects are looa-ted on the Polaoca Wash, one being where the 
road from Pinon in tersec ts  tho m i n  road d m  the Polaooa, the other being 
several rniles 3elaw. 
Anothsr quite la rse  projeot l i e s  near kh8 noutli of the Burnt Corn Xash 

%here it empties in to  the  Polaoca. 
Still another i e  on the Polacaa iiaskr below the  mouth of the Wepo brash, 

where the wash i s  30 t o  40 ft .  deep outting through a wide f la t  valley 
78ith unlimited ground f o r  agrioultural  developam& and ~preading  purposes. 
0x1 the Jadi%o Vash 31zst belaw th9 Keam C ~ n y o n - N . . ~ ~ c r w  highmy a val ley 

varying i n  width f ran 3/4 t o  1.h miles extends d m  stream some 8 t o  10 
miles, t h e  land i s  being farmed a t  present i n  ptohes.  The %ash while f a i r l y  
deep i a  nar rm ~ n d  would not; present any di f f ioul ty  i n  diverting it out 
over the land. 
None of the p r ~ j e o t s  mntioned arc  of the hand labor olass, and not moh 

aould be acoomplished on them with t ems ,  exoept over a long period of time, 
and t h i s  manner of working them is not a t  a l l  advisable duo t o  -the extrem 
flashinerrs of the floods whiah occur i n  these s t ream,  This ~ o r k  if under- 
taken should have the m i n  diversion dam s tm~ctures  o q p l a t e d  jus t  as soon 
as possible aftetr s ta r t ing ,  or take the - ~ 8 k  of losing it a l l  i f  subjeoked 
t o  a f l a s h  flood while under oonstruotion, 

These diversion dams would essent ial ly  have t o  be of the  large ear th f i l l  
type, and defini te  asaurunoe could be had t h a t  they would not be overtopped 
by a f l a s h  flood. This could be accomplished by provicilng adequate gates 
through the struotsres,  a t  tho present stream bed level, thraugh whioh the 
peak flows oould be dissipated, whiol~ oould nc;t be handled by tb diversions. 

These g:btes would a l s o  serve t o  sluioe off dovm the main o h a w l  the heavy 
sands and s i l t s  which would otherwise, i f  diverted, aoon ohoke up the diver- 
s ion ohnnnels t o  such an extent that  they would f a i l  t o  funation properly 
by building up an a l luv ia l  fan s i r~ l i l i a r  t o  t h a t  a t  the mouth of the Oraibi  
and many other stremfi , 

I@ reoomn~ndation is t h a t  i f  we are going t o  seriously oonsider the con- 
s t ruot ion of any of the foregoing projects, our immediate need i s  fo r  sow 
sizable 'Oats1  and T u d e b u g s ,  as  several of these will real ly  move t he  dirt 
i n  yardage quantaties. I do not have much f e a r  that  by so  doing we sha l l  
not then be ab le  t o  give the Indians hand and team labor, ao I have never 
seen a aonstruction projeot of t h i s  type undertaken tha t  did not also provide 
a considerable amount of labor f o r  both, in  f inishing and smoothhe; up the 
rough work of the larger  construetion, as  well as the considerable amount 
of minor oonst~ucrtions i n  connection therewith t o  smll  t o  be done with *bhe 
heavy equipmnt. 

X have planned the generul layout f o r  the use of the -%ere of the Oraibi 
at Tolc .^: Lakes i n  such a manner t h a t  a f t e r  a l l  possible fu:-rure developments 
on the upper Polaoea Xash and i t s  t r ibutar ies  have been completed, and it 
is  found that  there i s  s t i l l  soine wl-tsr available a t  the  rock urosslng on 
the lower Polaccra, then t h i s  water if suf f ic ien t  i o  avai lable  oan be diverted 
and carried over into the  T o l e  Lakes system t o  ~ugment t h a t  supply, or oan 
be allowed t o  oontinue on down t o  a diversion just h e l m  t h e  mouth 02 the 
j ed i t to  Wash where it oan be spread over leve l  t e r r a in  f o r  whatever purpose 
desired. 

;,%thout attempting t o  touoh on the many other phases of the asselxi and 
advantages of tho Tolani Lake3 project, nly reoomndations are ACiy i n  
acoord with it as a develo?ment from an engineering standpoint. 

Raspeotf u l ly  syf l t ted,  
/ 

C. C I  tor ii, G. MoGinnies, 
Arthur Fifo,  
John 0. 'h'oods, 
staal. 


