
The' State' UPs' Board,' ._ __. . . .  
" Sf ate Capitol '  ' ' : . . ,  

Phoenix, Arizonk, 

I beg t o  present herewith a report, whioh re lates  
' to  the' present etatua' of  the Lyman Dam near at,  Johns, Ari-  . . . . . . . . . . . . . .  
zona. 

' 'It &a' found that the dam has set t led  t o  euoh an 
extent that' the' spillway oapaoity, as originally daaigned, 
has been greatly reduoed, Bolloqing a study of pertinent 
data, it wae boncluded' that the sp i l lway  aapaoi ty  ahould be 
not lea8 than'5b000 aeoond' fed,  and,  in  vie8 of tho faot  
the* the preeeht ' a a ~ a o l t y  l a  on ly  1,200 seaond f e a t ,  s p i l l -  
way reaonatrvotion i a  obviously imperative. In addition t o  
thia  main' Beteot , there are also several Hlinor features 
which require a&ly attention, The estimated' cost of the 
epillway reconatrwt lon  and minor repaire at 'the main dam . . . . . . . . . . .  I .  . 
l a  $19,600, 
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The Lymnn Dam i a  s i t u n t e d  on t h e  L i t t l e  Oolorerdo Rivor about 

eleven milea south  of t h o  tom o f  st. Johna, Apache County, Arizona. 

The stream ?lows almoet due woet a t  tho d m  a l t o ,  through a aanyon 428 

f a e t  wlde a t  river bod, flnnkod on tho aouth  by a red anndstone h i l l  

qnb on the north by a limeatone h i l l .  h c o m b l ~ a t l o n  e a r t h  and mok fill. 

dam riaerr 61  feqt abova o r i g i n a l  strerun bed t o  form the main d m ,  w h i l e  

a minor e a r t h  f i l l  ~ t r u a t u r e  34 f e e t  h igh  h a  been plaoed a o m s a  8 

saddle, whioh is s i t u n t e d  thr,e-fourths of a mile nor theas t  of tb main 

dam, The a d l o r  stmture'is knom a s  t h e  North Dlka.  Thero is e 

natursZ saddle approximately one-hnlf ni l8 north of tho min d m ,  whioh 

has boen deepened and ridenod f o r  a r p i l l r a y  ohnnnel. A ske tah  ahovlnd 

t h e  gmeral layout  of t h e  two dams and tbs aplllwa** rill be found '1n 

The Lynan Dm f a i l e d  during t b  f loods  of 1915, the  muse of 

t h e  f a i l u r e ,  re have been l n l o m d ,  belng due to f a u l t y  construction.  
.. . . 

. Stepn w e r e  t a h d l o  k o n e t r u o t  t h o  d a m  i m e d l h t s l y ,  rmd Mr. M. 0. 

Hinder l ider ,  Coneulting Engineer of Denver, Colorado, prepared plans 

and  apeoif l o a t i o n s  f o r  a &r s t r w t u r e  . , r h l o h  usre approved by Quinton, 

Code a n d ~ i l l  of LOB, Angeles. The des igner  oontcmgloted the  o o n s t w -  
. ,  . 

t i o n  of an"hyd&ul'io . e a r t h  . i l l  dam ssron%y f e e t  t.i@ and 480 feat  th iok  
. , 

1 .  . 
at tbe base. Money me ra laed  by a8seaain8 tbs a t o o k b l d e r a  of the  

r a t e r  oanpany ;hioh, formerl; o m a d  and operated the d m *  Unfortu~otel) ' ,  

, % the . . monay thw r a l m d  ntn spent  and a oons idwable  def i o l t  i n o u r n d  





..i. I ' , . 
> .  ..',I". , . . . . , . . . . ".',.' . ' . , - . .. . , , . . , .. . 

bedrook,. . .  ~ r o m  . .  . . .  t h i s  latter point .  t o  the nor the rn  obut- 
. , ;,.+ ;.# 't, ..+< . ' . . .. " . . .  . , I 

. . 

. . . , &clrlylng a hard' klay cap of' ab& the 8 9 s  gomposl- . 
. t .  

, . 
tlon whioh oore r s  a d s a n d  dnd g r a v e l  l a y e r  extending 

to bedrook, . 

+ ... T h a  out-off  t renoh e t a r t s  a t  the  aouth  abutment 

and ie  oompoasd of two row8 or tongue end grooved, 

double thloknoea wooden sheet p l l l ~  & r i v e n  f o r  a die- 

danoe aorosa the oanyon of 200 f e e t  and joined t o  an 

a d d i t i o n a l  l e ~ t h  of 76 f e e t  of l a k e f i e l d  wooden d u e t  
, 

p l l l n g ,  making a t o t a l  aontlnbou,  length of oore wall 

of Z76 feet whiah extend8 t o  bedroak and reaohae aoroar  

the a t i r e  c t r e t a h  of foundation upon whioh the o r i g -  

inal m o t i o n  of t h e  d m  now deetmyed meted, 

*At tho +cminua of t h i s  Bore wal l ,  aand and g rave l  

overlying bedrock m a  enoountered, urhioh prevented the 

f y r t h e r  u e  of wooden p i f i ~ . ~  

The d i r e o t o r a  of t he  L p a n  Wator Company i n  a oomn;unioatlon t o  
.I., . : \  ,, .,. . . 

. _  ._. .  
:, ' .. .. - .  ' the S t a t e  Loan Boar(\, s t a t e d  ae followe: ' .  . . 

.I 
1. ,. 

\ .,, . . 
. . . .  , .. . u O w i 3 &  t o  t h e  nr.5Sing away of  the  roundation of t h e  

dm, and t h e  dopooltlng of a g r e a t  amount of a i l t ,  I t  

beoame neoaeeary f o r  the  engineer  t o  d r i v e  two row8 of 
a I 

..\ > ,  

'3.); *it. .;:; ,- . * , 
, . ' a .  . . .  . 

, I* +!.s...: . .. ., . W a b f i e l d ,  o piv& t o  bedrook, e t  s n  ovorsge depth of 28 
<,; ;*.;, $ \ , *.:.., . I .  y $  - !  . . 

feet,  capprorimateby 80,000 f e e t  of lunbor b e i w  uaod, 
1 ,  . 

, ,  : .' 
. . -  ' $ \ . , * .  , . 3 ' : .  :,.. , . * .  , . \. The . , earth was , . .  removed botnreen t h e  two rows of p i l l @  
' ,.. b:: 

1 
NNOOOO 



It. &&ti l led k i t h  aelaoted, alsy and "puddled inw. 
. , 

, . .. 
. , . .  . 

. Thip  t r e n ~ b  extond&I for' d i a t s n c s  . . .  of about 273-.: ' , 

. . 

keett from the end of t h e  trenoh t o  t h e  north abut- 
. .  ' 

m e h t  a dietan?a of about 180 f o e t ,  t h e r e  were three 

rove dr tao-inoh pipe jetted down to b a b m k  and a 

mixture of a m a n t  and orator injooted under preeaure 

of BO# t o  the equare lnoh;  t h i a  erne method was pur- 

sued on eaoh h i l l a i d e  t o  overooree' any pa roo la ti on^ , , 

eeveral oarlmda of o emont being wod ." 
Data seoured from the above extraots  wore inoorporated in to  

; ..;, ' . . "  < '  I.. 
, , J1' : ' r d  , . .' , ,  b '. ' -  
ti:,,rAG,. .,- . .. : It  i a  pwstionnble i n  tho  mind of the wr i te r  whether o r  not  t h e  ' 

. . , ( ' " I _ ,  . . _ , . 
. .  , . , .  , . I . < . - . * . . ;  

.I, ,..a' - . .. , The . . 'main . , . .  dam m a  . t o  have, been b u i l t  , to o l e v a t i ~ n  150, o r  70 f o e t  
;* - 1  . .  .','? ., . . . . ,.,=.(;; :; . -. :; . ; . .  "' . ' 

.I , 

i:i, .: G-. - b abord etream'-bbl; ' b i t  the plans proparod by t h e  S ta te  Engineer i l xod  tb 
,.t..!s'..: ..., ,;. , . . . _ .  - : . : .  .. . - .  . c , ., * a. ., .' . , , I . .  . . . . , .  .:. , . .  : .. . ' . o & ~ t  a t  el iNst ion . . 144,' qr 6 f e e t  lower. 'Tho upotream faoo i r o n  r l v o r  bed, 
. . ' ,.:. , , . . .  s .. . . ... , .I . ,,.. ..L. 

; - . . . . '. ( - . or olerat ion 80, t t i , 'elsratlon 114, ik on a 4 t o  1 *lope and I s  covered s l t h  ' 
- -  .,. - ., .,,. , . --: , . . , . ,  

, *  .';.yi..i,.. ,< , ' . '4' . .' 
- ,  . ; E ' .  .., .". 
it,.,- ,:!. . . 

a 12-lnoh gravel . blnnket . . prom' dleviition 114 t o  the top of t h e  dam, there 
. . .. ..- . ,  



- . . - ,  
, ..\'I.::.. . , .,: - . . , the'oompoeition of t h e  dm,  The olay  puddle re fe r rod  ta on t h e  upetream 
. A T .  ' . , ' : ..)'. . r '..,,+ ,. ' ' .  

> ,  ;: 
.. ., . - . . ;  - por t ion of t h e  ham was marked i n  t h i s  mnnar on a v a i l a b l e  drawings and i a  

. undoretood t o  mean s e l e a t o d  o a r t h  plaoed I n  t h i n  l a y e r s ,  sprinkled and  

. . rolled. The lime rook a t  tho t o o  ia rook taken f r o m  tho limeatone h i l l  
. . .  . 

, . .. , , . ... nor th  of  the dam, and l a  oonaidered a vory good f e a t u r e  of t h e  atruoture.  

. . . ' .  
. .  . During t h e  oonatruot ion of t h e  dam, a ~ 1 i p  ~ o o u r r e d  notir t h e  

. . .  

. , south abutment, dur ing whioh t h e  rook f i l l  a t  tho t oo  sank i n t o  tho e o f t  

ma te r i a l  i n  tb r i v e r  bed eome ton  o r  twolve foot .  Thia movemont oauaod 

a mas of tho o o i t  r i v o r  materf til t o  bulge up throe  o r  four  f e e t ,  t o  form 

j .  a beme AoooPiling t o  the  reaorde ,  t h e r e  was a epring a t  t h e  eouth end of 

t h e '  d m  a t  t h e  t i n e  of t h i s  aooidout , and it had probably oompletoly ant- 

aratod cho m a t t ~ r i a l  l y i n g  betueon bedrook and r i v e r  bed, I t  th.orofom 
1: . .  
. - .  

.;. . fol lows tha t  t h o  rook p i l o  hod t o  s e t t l e  u n t i l  a a t a t o  of equi l ibr ium vna 
. ,  ' 

*- !> 1 .;,: ,: . 
. ' ; ' t i :r , . .  . . - ,. ', .' 

, , . f i n a l l y  ranched botween the ree i s tonco  of t h o   oft 6atura tod mate r i a l  in 
: : ',.. ' i. 

. . 
. I., ,.., , . . ! - stream bed and the m i g h t  of t h e  rook p i l e  above. A t  the  preuent t ime the  . . ,  . 

, * .  . .  .'.;. :.. , 

.> ~ ; .  ; b,. h .. ', ...- * ' ' 
. ,  mater ia l  i n  t h e  ntream bod AS r01atlv0Py d r y  and t lserefore a l a rgo  f a o t o r  .+ . .  - .  , :f..i ;. . . .  

.,,L: '. , .*:Y: .. . . , 
;,, .*-.;;.;.-[K 
. .  , . I ; : : ,  of s a f e t y ,  against '  any f u r t h e r  movement e x i s t s ,  I!:, upon f i l l i n g  t h e  ron- . -  , .  . . - ,  . . 
' + : e n o i r ,  t h l s  mater ia l '  i n  r i v e r  bed is again satuse?ed,  thore  would then 

- ,  be grave danger of f u r t h e r  se t t l ament ,  due to the added preeoure of tho  
. . 

u a t e r  load  on tho preeeure d w  to tho weight of tho rook i t s e l f ,  

Aaoording t o  profibea taken by Mr. H, Pinney c,' the Arizona 
. , ' 

B i g h y  ~ e p a r t m e n t ,  t h e  dam has s e t t l e d  3.3 f e e t  s inoo oompleticn, 300 
: :  , . . , .. , .  . . ,>.: :,:, . * . *b. .. . > *., . > - plo t t ed  p r o f i l e s  a t  the en&' of t h i s  reporte . Thir is a r a t h e r  high rat0 

! 

. I.. : 
, . . , .  . 7:. % *  

) .  
. . .  

I . 6. 
* .. 1 

.) . . .  ... of aettlem&, but t h e m  are np oridsnoe, o f ,  unequal se t t l ement ,  o r  , 

'. I . .  



, . . L , . ' .  
,- ;. ::'- 
.. \>,'.. "," . ..i..v~+::-,, ,. ... oreoklng,  a n d  10 theroforo  .. . . n o t  . .... oonaidsreeh . , .  daugorous. It q l e a r l y  shows 

, ' ~ & , ~ . . s . : ' . . . ~  . . . . , .  . I .  I . ,  . t .  ' I , .  

8 ' .  . . , . . ' ,  
. , . : 

. . . a ,  ;e):;::. ..". ' " ' " 
-... .; j2; ;,,., *.* . . ' .  

, tde n s o e s s i t y  . f o r ' o o b t a n t  r k i l a n a e  on t h e  p a r t  of t h e  o m e r s  and of . 
a>,; .,,,, ;:-'ry.- , , \ ,  . , . , .  ' ,  .: . . .  . .  . . . 

! . . .  . 
T?,,+,!{, , , - , > . .  

' .  . ,  
. : , - the  s t a t e ,  i n  o rder  t h a t  a ' e a i e  freeboard be maintained a t  a l l  timee. 

.' 

, ( . . : , . . . C C ' . ~ . ~  ..., !.-..a, :. ' < 

, :.+:. ; ,. .. , , , 2  ' 
I .,. , , < ' :,,, , 

. . .. . ,.. . . . ' . 
The neoeeeity f o r  keeping t h o  ' t oe  of t h e  dam dry  ha8 been dle- 

) . .  ' .  . > ;, ;. , '  . ... , ... . . aueaod e a r l i e r  i n  t h i a  r e p o r t ,  I t  i e  aonsiderod neaeosary t o  i n s t a l l  , ' , ,  -.;. . . , 
/.' . . 

- + ' .  . , . . t i l e  or concroto d ra in8  'pelow the  t o e  i n  o r d e r  t o  prevent  the  complote 
: I.,' . :' . , ,. 

. ? /  . . 
q .  , ). .. ' :. . . , . I ' I 

J <' '.' . . . . . sa tu ra t ion  a t  ony f u t u r e  da to ,  On0 method f o r  seaur ing t h e  des i red  rs-. 
;: . ,'- . ,. . - . ',,' ,. . . ' 4. .: .. 
- . .  ?;'.,' ,, 

o u l t  would be t o  p laoe  a four-inoh oonorete d m i n ,  e i g h t  feet  bolow the 
. .., <: .. :' , . a .  

-3.j , . . . 
eurfaoe, imxnediately downotream from and para1101 t o  t h e  toe ,  whioh w i l l  ,. .-..,,..., , . . - .  . \  . . , . . 

r ' f . 1 .  
' 8 , .  . # ' ( *  
.:;: a.w: . diaaharge i n t o  a l i n e  plaoed a t  ri@t anglea t o  t h e  too and a a r r i e d  down- 
(;;+!;.j& ,:4 . - 
Fj y., ".. ,.. 

r :  : 
- ,  . I .. . '  . stream u n t i l  i t  , . .  reaohea the  ~ u r f a u o .  of t h e  old atroam bed, A 8oamd p lan  
. ,. :': . , ... . , : 
, .+;;;-;;.& . : 
. , . -  . a . . % . .  . , ..?:'. ,:..j.... would be t o  i n a t a l l  a woJ.1 a t  oomo point  oeveral  hundrod yard0 downstream . -. . '. .. ; . > '. d. ... <.K,  : ,. .. . _. . ., , ,. . : . . t  . . ( (  

. .. . . , : .  .. . i 

from the t o e  of the b, and empty t h o  d r a i n  i n t o  t h e  wel l ,  Punping oquip- 
. . , .  . . . 

1 ~ . , 1  . .  1. . .. 
7 - . ,  . . )  

ment would bn i n s t a l l e d  i n  tho well und would bo w a d  t o  provido drainage 
".. .; .'. ,.. ; . .. , - .  . . . , .  

, , , , as wel l  a s  f o r  plrmping into the  oana l  ta  provida an a d d i t  ional  water  
:.;.:<; ,::*;;, ',.l . . . 

. , .  
:? J .. . v, -: a 

- supply fir the projeot .  Drainage of t h e  t o e  is aomiderod  n pntooutlon- 
,'.'. ' , .  , ..:. .. , . 

' I  . .  . . 
. \  . E. ..,' I .  

. , ' I .  I . .  , ., , . . . , , , axy m a a w e ,  b u t  i i  e s s e n t i a l  nsverthola3a, s a  any appmoiablo s e t t l o -  
* > , . J .  - 
'+ '.?' < :  .. , . , 9 1 <', ', , . 

. .. ,.,:,+ , mont of t h ~  d m  dur ing motimm high rater  i n  ths m a e r v o i r  would spell . . 

'. : . . . .  
.<.b . "  . .  . 

' I .  . .  
There ia ,801~ seepage aoar  tho n o r t h  abutment, whioh l a  maw- 

. *. , 
. * . . . . . . *  

. ; ,,,1 a :  . . ,. . . +  r ing  wi th  apgmximntely twenty-four f e e t  of water  in the  r e a e n o l r .  This  
, a . .(. , L.. ,.., , ;,. *, ;, ., . , . . . . 

. , .~., . , i~9,-. .:~,~;,.  ., . 
. . . , .  . . -,:- soegage 'comes from & a r i a  about t e n  f e e t  bp. t h i r t y  f e e t ,  is not  a t ~ - ,  

\ '  

) \i :.., .. . .. . . ,- . ,; .:. .. ' oolored, and is o a t i m t e d  , t o  be only e f o r  @lone por  minute. A t  t h e  _ . .  , , I  

..-,j : ..,. g . ,  I .  . . . 
. . .  .. 1 . , .-.:t .~',; .$:. , 

. ,  :,. . . , . , -.....': . . ' present  t h o  it dobe-not '  . , appear t o  be of any danger t o  tba a t ruo tu re ,  but 
. ,:'it . <:,.;: '..;, , ., :. ,, . .. . . ;!,,-%* ;rs:; i,\, :, ' 
. . .  
i,,%;;a 

. : shou ldbo  watohod s&efulllr during perioda ) ,  . . . ,  of . g r e a t e r  . . , .  /. _ .  sto'hgd he ight  i n  
. I \ . .  . 

l a  ao l l eo ted  i n  
; . 

., 

a n  open 
. . . . 

. . .  . . . , ' ,  

1 '. 

., I . . 

, )' 

. . 

drain ,  and 



the  old r i v e r  ohannel several  hundred f e e t  below the  t o e  of the  dam. The 

dra in  is t i l l e d  w i t h  a denee growth of water  a r e a s  and o ther  e imi las  veg- 

eta,tion, which makes any movement of water  through the  dra in  extramely 

d i f f i c u l t  . There has been no e f f o r t  t o  keep tho  d i t c h  clean o r  properly 

maintained. 

Seepage has aloo been observed near t h e  south abutment, 'which 

s e e m  t o  e x i s t  only during periods when water l e v e l  i n  the  r e se rvo i r  is 

high. Seepage from t h i s  source is qu i t e  amall, is not discolored,  and 

l a  not  believed t o  bo of any ser ious  danger t o  t h e  s t ruoture.  Water ap- 

parent ly f i n d s  i t 8  way through noan8 i n  the rook and cornea t o  t h e  surfaoe 

near stream bed elevat ion,  It is not improbable t h a t  some of t h i a  water  

oomee from the  spring,  which formerly exis ted  i n  tho o u t l e t  tunnol, and 

which w i l l  be diooussed more i n  d e t a i  1 l a t e r .  

OlJ rLm'  WORKS 

The general  f oatures of the ou t lo t  r o r k a  a r e  shown o:i the draw- 

ing on page 10. Br ief ly  s t a t ad ,  the works ooneis t  of an i n l e t  strmature,  

, a  r e in fomed  conorete goto tower, a oonorate preseuro tunnel  through the 

south abutment, and an o u t l e t  s t ruoture .  It is montloned t h a t  dota i led  

drawings a r e  lacking,  and the re fo re  muoh of tho  in fomat ion  about t h e  out- 

l o t  worka come  eeuond-hand. 

The i n l e t  s t ruoture  is understood t o  be  merely a f l a r e d  opening 

aovered wi th  s t e e l  t r aeh  raoke plaoed a t  an angle  of e i x t y ' d e ~ r e o s  w i t h  the  

horizontal .  The pressure tunnel is about th ree  hundred f e e t  long llnd l i ned  

with oonurete throughout i t a  length,  The por t ion  of t h e  tunnel  upstream 

from the  ga te  tower is oovon f e e t  high by ten f e e t  wide, and downatreom 

from the g a t e  tower it is of the eame dimenaioner exaept t h a t  it is divided 

i n t o  two equal  p a r t s  by a v e r t i o a l  p a r t i t i o n  wall .  The south half o f  the  
. . 



o u t l e t  tunnel  i s  covered a t  t h o  diaoharge end by meane of one two-f oot 

by scven-fo& &st i r o n ,  hand oporated s l i d e  gate ,  i n  o r d e r  t o  r a i s e  

water  i n t o  t he  i r r i g a t i o n  cana l ,  which l a  looa ted  e igh teen  f e e t  above 

tunnel love1 on the  s o u t h  abutment h i l l a i d e .  The no r th  half of tho tun- 

n e l  is open a t  . the  discharge end. There are e i g h t  two-foot by aevon- 

f o o t  o a s t  i ron  s l i d e  g a t e 8  i n  the  ou-tlet t unne l  d i r o u t l y  beneath t h e  

g a t e  t ~ w e r ,  Four  of t h e a e  g a t e s  are t o r  r egu la t ing  t h e  f low,  and fou r  

f o r  omeraency use only. They are operated by hand from o platform a t  

t h e  top of the ga te  towor* 

e s t e m ,  operat ing mchaniam, and g a t e  tower appear t o  

be i n  a poor s t a t o  of r e p a i r ,  t o  be a port  of o d i s t r i o t  which i s  opor- 
. . 

. . a t i n g  a t  present.  The gatoa,  otemo, and o p e r a t i n s  machaninm ohould bo 

immediately plaoed i n  good working order.  Tho ga t0  towor contain8 a 

quan t i t y  .of form lumber and o l d  tirnbors and dooo n o t  havo a loddor on 

the Inside, whioh makeo tho ga toa '  p r a o t i o a l l y  inacooooible. A l l  oxceas 

, I lumber ahould be  rerno&d, a l l  r o t t e n  t imbers reploce0,  u laddor i n a t o l l o d  
, . . . . .  

, 1;' 

. . . . 
. . 

on the in s ide  ' o f .  the towor, b d  the  ga tee  glnced i n  good working ordor. 
. ,  . %  

, . 
. . . ,  ~ o u o r d l n g  t o  the reuords, a spring woe eroountared during tho 

. .  . .  . I 
- . . , . . . . . .  

, . .- 
. . i , excavation f o r  t h e  o u t l e t  t u n n e l ,  and . . $  was . a a r r l e d  a long  tho north  s i d e  

. . .  
, -: , j .  

. .. . . ,. , . , . of the tunnel  by means o f  a crushed kook d r a i n  betwoon the ooncrote and 
, . 

... 
' , rook exoa ra t ion ,  The dra in  m e  abandoned thmugh overs igh t ,  a f t e r  having 

. . .. ' , >  . ' f  . .- . . . % 

been oa r r i ed  t o  a po in t  near t h e  middle of t h e  tunnel.  

A aorrsiderable volume of.' water f inda its way out  from t h e  north 
. . . .  . . . . . , .,'! . - _ . ": . . . . . ' I  , ? ; A ,  ' 

. ............. .. , wall o r  . . t h e  butitit; , . .. ( .  . t unne l '  . . .  through . . a n  . old d r i l l  hole l oca t ed  about s i x t y  
.:. '. . ' 

3 .  . . , . ;. .' ', , , . . . . . ? .  . ,. . s .  . 
: . . I .  . a . .  

. . . .  . . .  . . . _ I  2 I . . .  . . f e e t  . i m q : ' t h e  ,,:. dlsbharg6 . .  . , .  .<  .. e n d  of the , tunne l .  . Water passing t h r o w h  t h i s  
. :. ' . .. , . .  . , I : .  

t :  

. . * '. . . 
, ..# t , . . opening !has been . , S I C  obeerved t o  be, Pisoolored when muddy water  e x i s t s  i n  
' . . /  .. . . .  

< . * : %  . .. . . .  a 
t h e  r e s e r v o i r ,  shodrig  . .  \ .  . . .  t h a t  'it has's .., d e f i n i t e  . . .  contaut  with t h ~  r e se rvo i r .  

. . . 



. . .  - I t  i e  imposeible t o  aay d e f i n i t e l y  whethor o r  not a11 the  wator aomine I 
i . .  . . 

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

t h rowh  t h e  d r i l l  hole i t 3  from t h e  reeervoir ,  as a p a r t  of it may have 
. , 

its sourae in the w r i n g  enoountered during oonetruotion. Regordleea 

: . . o r  t h e  eouroe of water, it should no t ' be  permitted t o  d i a o h r e a  indef- 

i n i t e ly ,  as It oome out under praaeure and may woeh away mate r ia l  ad- 

jaoent t o  the o u t l e t  tunnel ,  thereby oauaing m rupture  of the tunnel,  

and possibly omple t e  f a i l u r e ,  

Several methods hovo been considered f o r  shu t t i ng  off the 

water that  comes through t h o  old d r i l l  hole ,  but it is believod bee t  

reau l ta  may be obtainod by grouting. Grout would bo forced in to  t he  - 

I hole a t  a gmssure  of from 60 t o  100 pounds por square inch,  depending I I 
I upor. the amount of grout taken and the readinees with uhioh i t  entored i I 

the hole. I n  t h i e  way, bo th  tho leokago i r o n  t h o  reos rvo i r  and any 

ohannele leading from the  spring w i l l  bo f i l l e d  with grout and leakage 

positively stopped, I f  the  spring breaks out a t  oome othor  point on 

the h i l l s i d e ,  it is of no pa r t i ou l a r  oonsequonoe, sinoe i l  is unl ikely  

t ha t  the spr ing  l a  oonneoted with t he  rese rvo i r ,  duo t o  t he  fao t  t hn t  

it ex i s ted  before t h e  rooervoir  wae oonetruoted. 

I - When water i e  oa r r i eb  through t h e  south  half of t h e  tunnel,  
J 

, leakage appear8 above t h e  roof of t h e  tunnel near tho diechargo end, 
! 
4 and ooneiderable water  paeeea betweon the  v o r t i c a l  p a r t i t i t i o n  w a l l  and 
1 
i the t o p  of tho tunnel. T h e m  defeota m y  be e a s i l y  remedied by shoot- 

I 1~ a one-inoh thiakness of eunits on the top,  bottom and eidee of the  

i 
I 

i n t e r i o r  of t h e  south half  of tho tunnel. , 

1 RESEW0 IR 
1 
! The L p n  Dam forms a rese rvo i r  which extends c h i e f l y  t o  tho 
I 
, south, and oovers o broad va l ley  of the L i t t l e  Colorado. With water 
I i 

2 

i 

I 
i 
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i n  the reservoir  t o  epillway a r e s t ,  t h a t  is, t o  bottom of t h e  twenty-five-. 
I .  

foot  ahannel, t h e  aapaqity is 21,900 aore f e e t .  When water is  four f e e t  . ..< . . .  .., . , . . ! ' A l  .'. ". 4 .  , . 
. . . . .  
;?. :. ::,.*. ,..; 

. ..: . -  - ,  I . . .  
higher, the a rea  'qf the  reservoir  . . . . .  . . .  is , .  1,500 eores. An area aurve could 

. ., , ,  .I " . . a  > , , . . ,  . . . .  ;."I, lW, .' . 4,, ".> ',.' > 
, , , : s 2  . not be obtained, nor was one prepared from aontour mope ava i lab le ,  a8  it . I .  ,..,:. . . ., 4 . . ::.. . , , '  I 

. , .  . . was not  oonsidered an eeeent ia l  pa r t  of t h i s  report ,  A capaai ty  ourve . 
. . . . 

' -  . 
w i l l  be found on, the  following page, 

i * .  \ .- SPILLWAY 

.... .'_. ' 

I ... . . . .  L 

The present spillway chalmel Is e i tu s t ed  about one-halt mile 
";?'," . 
. . .  - ' , "  :. ' ', 

. . , ' .  . . .: north of the dam between two h i l l s  whioh form a natural  saddle, The ohan- 
. . 

. . .  nel  aonsiate of a ou t  5 f e e t  deep and 115 f e e t  wide, in tho bottom of which 
i ' - 
.*'.... . 
..;:.,+'... . . . 

a ahannel 5 f e e t  deep and 25 f e e t  wide was subsequently oxoavated. A pro- 

f i l e  along the  cen te r  l i n e  of the channel and seotions taken a t  r i g h t  
. . I .  

anglee t o  tho oenter  l ine  w i l l  be found a t  t he  end of th ie  mport ,  It wae 
. . 
. 

, .  , , . 
. . . . . . . .  . . . .  o r i g i n a h y  bonternplated that t h i s  f u l l  cham+ be u t i l i zed ,  with a f iva-  

. . .  . , '. ,:.: . :  ', , , 

. . ' * I . .  . . . .  ,. . foot  freeboard on t h e  dam, The opillway ohnnnel is 1,400 f e e t  long, has 
..i 8 . . 

, . 
b; . ,  . 
, . _ I  - .  a slope of 0,001, and rook is exposed through the greater  p a r t  of its 

. , . , 

length. . . . . - 
A thorough citudy rill be m d e  of the  r a r i a 8  f ao to r s ,  rh iah  w i l l  

have an e t f e o t  upon the determination of the  required spillway oapaaity a t  . :. . , ,  

the Lyman Dam. . I /  This r s i u i r e s  a study of a l l  oharaoteriet  i a s  cP the  drain- 
..I 

. . . .  
4' . . . . age basin, . . end . . i n  thd following a g e s ,  . ,  . . . topography, plant growth, r a i n f a l l ,  

i . * ,  . , and ;un-off rill be  disousaad. All ava i lab le  data on i ao to r s  t ha t  might 

a f f ec t  the  w i m u m  flcw of t h e  L i t t l e  Colorado a t  Lyman Dam have been sea 
. . . .  , , . , . . . . . ' . cured and are presented hergarith, : , . . .: 

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

Drainage Area - Topograph~ and P l e r t  Growth -c-- . . 

. The drainago 'area above the  Lyman Dam oomprlses appmxlmately 



. .  .--..- 

- 15 
I 

, A& L . . 
'. ..I. . . ) 

.:,..:,+. . .. % .  ;;, . . 785 . square miles,  a s  meamred w i t h  a planimeter on N. H. Darton's map 

.+;i .., .,:;:,. :. . * .  
, .;;.,'ti :.: , .;',... . .i?. .:: * .  . ..(<:, .... .a 

of the  S t a t e  of Arizona, and a map published by the  S t a t e  of New Mexiao. 
. : .,: --,. : ,b , '., 

a .  

. .: * . ., . .  '. These maps a r e  not  par t iou la r ly  s u i t e d  f o r  obtaining t he  area  of a small 
. . 

:. . . . .\ drainage basin, a s  the s ca l e  is one inoh t o  e i g h t  miles,  but t h e  de te r -  

mixlotion i a  believed s u i f i a i e n t l y  aacurate f o r  the purpose intended, 

A oonaiderable port ion of tho  drainage baein is in  a region 

onae oovered with ao t ive  volcanooa, a s  evidenced by I numeroua ext ino t 
< a 

a r a t e r s  and the  preeenae o r  voloanio ash  and aindere. Thio region 1108 
, . 

. .. 
' 

west of tho  L i t t l e  Colorado and nor th  .and weat 'of Springervil le.  I t  i e  
I 

. . .  . 
, ,. 

a r o l l i n g  oountry, oovered with a sparse growth of g r a m ,  and no t rees .  
.. , . . 

s . I. a 

l h i l e  much of t he  region i a  aoverod with voloapio neh and oinders ,  y e t  
. ,. 

s .  . 

: ..I . 
t h e  evidenoea, of erosion are  ,but s l i g h t .  This Is no doubt duo t o  tho 

. . 
, , a .  

. . -,. . .. . . , . poros i ty  of t h i s  mate r ia l ,  and t h e  water '  must seep i n t o  the  ground in- 

../:- I . . 1 . :. 
! - ;  : . . 
. .,\ ! . ':, , . . .  . .. ,: . . s t ead  of running off a s  suriaoe' flow.. . . . .  . 

' I  " L 

*.- f 8 * . . . The lower p a r t  of the  drainage area ,  e a s t  o r  the r i vo r ,  and 
. .. . '. .. 

., . . . . . nor th  and e a s t  o f  8 p r i n g e n l l l e  a h o h r o  t o '  lend i t oo l f  moro r e a d i l y  . t o  
.' , . .j ..;%, , , . . . . 
\ . , .' . 

. . 
. ,  ,, I. ,l.. , . ' r ap id  run-off af tar .heavy storms.  he topography and vogotation is qui te  

:%: ,.,; :.:. . . . . 
.?'i ' > :  .. ' f . 2 " .  

i* , j <  ,,:. . , . , . . . .. s i s l l a r  t o  , t h a t  of the  rolcsnio  region . . just desoribod, dxoept t h a t  there  
4- 

. . 
. I . ; '  . . . . 

. I .  - . ,, . . v . .  ., . , , a r e  a re; trees, and tha'.surface covoring . 
. 

oppeara t o  oontain qu i t e  a b l t  
. a  . . . .  , \ .  

: .,:. -, ,:,:. . , ,+,,,,.of . , olay. ~ u r i n g  . , the  heavy . . oummer storms, . . it 13 belleved t h i s  mntor ia l  
' f  < .  , ,  

3 ,  . . * .  . 
' i , \ . . , .  . . :. , 

' .., .. ,. . . . would o f f e r  but little &lstance t o  rapid  run-off, a s  I t  does not ap- 
: ,  :. "" -. . 

' / ; .  
I (.. .. . . . . . 

. ' pear  t o  be capable of absorbing water rapidly,  
, .. 

. ' .  .. . . I 
I .: . . .  , .  , . .  . *  

..:.,' . .  The upper reaohes . . .  of , the:wotershod, o r a b o v e  olovation 8,000, 
?. $. .' : . .  . 
'.. .: ' " 
.. . a r e  heavily wooded. ' The oountr?, l a  kountolnoua , but only moderately 

' . ,  . 4' . .:. 
: . steep.  It comprises *hhb north slopoa of the White Llountains, which a r e  

I .  
. . , . , . , . . 

, . . . 
, ,. , ,v.. . ' 

. I  i n o t  t o  be a&ipa.&h'to ' the south s lopes  f o r  steepo.aae and ruggedness. ' . t i . ' '  . ~ . .  .. . , . . .: .. . . )  , . .* . , * . .  
s. ;r ::,.y,. ' % ' +  ' ., 1'. .; , . 
' > '  , 2. , . ,1  ;\-; I , .  . 

:. 1 .  The heavy growth: of t r e e s  and ohrubs prevents the ocourrenoo of t l a a h  . .. 
( . ! " . .  . I ,  



..... . ). . 
' , .,,a ,*,\ +.:, + . . . h 

' . :. .' . . I '  . '. . . . . . . . .  . . . . . .  i ,* ,.>-: :$!;.',. ',,; : . , .... 
' . . . . :,:1;.::,+ ,'-. 
........ : . r l ood i  from. thqoregion,': but i r  iaonduOiva . t o  tlopd'b oi 1o ipes l r  and long . .  

, ' ~ "6 y,> !,.. ;. , ~ . , ., .:. ,.,: .. ? ..-..'... .. ,::. . 1 .  . . . . . .  . . .  , . . .  . . , , . ) .  , . .  
' . ' . ,  , , , . .I ' . A  ; I ; , \  % ' : ,  , . . . 

. , 
. . . ,..: I .  

. . '  . . . . . . . .  .,.. ,;; ;., i:..,;:.:., , :-. .-J.:.:.?' duraf ion.. ,,.,. -... ; . . : : . .  . ..'. . . . i;.,..; '. < , , , .-  . , n , . > , . ,  . , . . .  . , +*.,..:. ?..., . . . .  . . 
5 .: .- , . .- . . .  '., . . . . . .  ,. , ,::-:,,-' . . . .  , . 

,;.,:a . wC..-~.  . .  .<,.-.. . . .  . .,.::"'" ....... . . ............ ~ e f  erenab , .:. ~.ii"made ) _ I  . , ,  to t h e  . lqap o f  4he d ra iwge  basin. on the f ollow-' 
. . . ,,*,.,. .: - . . . 

: . ing page, whlo h portrays gensral topog~aphio reatures. r 

, :. . .  . . '  . . . 

. - . . Rainfa l l  - Reoords 
. .  . .  . , .  

. . . . .  . , . . . .  . ~ h o r e  a r e \ b i t  t w o  ra in  gaging a ta t ions  within t he  drainage area 
: ' ,,:,I*.. * . . ,x.!'.-., : . ': '.;,: ,,.. ,?' , 

I. ,. _ , . . .  ... . . . . . . .  . , .  . of the L i t t l e  ~ o l d r a d b  i b & a  the Lyman Darn, one a t  Spr ingemi l le  and the 
. * .  , I  . . .  
...;'I ,i ,' ,.P\,: 

- ,  . .  
. , . , I .  . ' o t h e r , a t  Cree?. ~he?e. ' .are , also s t a t i ons  a t  St. Johns and Alpine, whloh 

. . 
' a!.< : - , a . . : . . I .  - . ( '  

. ; : ~  . a r e  just outaide t h e  a.rea6 and another a t  Luna, New ~ o x i o o , '  whiah i a  a 
. .".,). ' , . ,  I .  . . ' .  . . ... . . . . .  . . .  . . . .  ; '  l i t t l e  f a r t h o r  b&&d . . t he  boundary of the  basin. Data p e h a i n i w  to moan 

' .l;  ' , , . a . . . . . . .  ,,'. . . 
. ' , '  . annual r a i n f a l l  she' tabulated below. . 

., .. ~, . , . . .  . s .  . ' ,  ' ". - _ :  _, . . . . . .  
" I .: . 

. . 
, .  . 3.: : . .LENGTH 08 MEAN ANNUAL 

.... =AT1 ON I ELEVATION RECORD, PRECIPITATION .,, . 
:!, .' s s < ,  . 

'- . 
YEARS 1. . .  . .  INCHES 

. .,.; . 

Sf 0 Johns . 
.2 . ', . , . , 

, _.. . ,  -. . . .  . . 
' :- . ....:. . . . . . . . .  : . .  . , : . . 

. . . . . . a .  .Alpine . . , . . . ! . . .  8,800 . . - . ::.,+. .? " 3 ., . 4 .. I .  23.67 . , .  . . . . .  2.. :.- . . , . . I  > ,  t .' , . . , .  -: . .  - . , . .  
., . . ,  . . $ .  . . . .  . . . . . . . .  , ,  , 

7,300 11 ~ d . a  . . . . . .  . ,. *. L u m ,  New Mex. 
:. . ', , . . . . . .  . . .' . . . . . . , a - , , . .  . , * I  , * .  

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

I ,, Tha above tabulation ehows t h a t  t he  r a i n f a l l  is a l igh t  over the  
. I  ... . . . .  

r : ;': , ,  t . . ., , . # ,  . . , q . : ;  "' . . . . 

. . . . .  ' % . *  . i . . . m l l l n g  . , bare' country i n  tho v!cinlty of Sp r lnge rv~1 le  and St. Johna, and 
.- ' 

j' . . t h a t  it i s  quite haary in  the mountnlnoua and forested area coxnon t o  . -  . ,  
-I . . . u  . . . . . . .  . . 

. . . . .  . . . . . 
'. . I U ! " . ' .  

(treer and Alpine. The monthly. d i a t r i b u t  ion for  t h e  c n t i r e  area is  p r q -  . . . .  . . .  ..' . . s ,  , .* . a . . . . . . . . . . .  .. . . . . . . .  . . 
1 ,'. - ., . .,, 

0 . . . . . 
. . 
. . . .  . .  t io,ally , . the . same i i4praVniis  i i : s i u t h i r n  L i z i n a ,  ki th  peaks during the 

\ 
, .  % . 

. . . . , summer mon'tha of J u l y  and August and during 'the winter monthd of Dsomber, 
. , . . . . . . . . .  

, ,  . .  . , . ., I .  . . 
. "; . 

L . 
. , '  . , , . January, ~ ~ b r d r y  k: b m h ,  ithe latter pals bei& murh l e a s  pronounoed 

% . ( .  ..7,.. . . . . . . . .  . . >  . .  . I . . . . - .  ;:. . . . . . . . .  . . .  . . - . _ .  . .  : .  - , .  . . I . .  

..... 
- - ':' ' than '  tbe 'rormr;' ,..The:winter preoipi tnt lon i a  general and l a r g e l y  in the ::.:..a 

. ,  . 3 . . .  . . . . . .  .,.. ' 
. I  3 1 .  , ' 

, . . . ,  
3 ,,,- . ' 

, . 







9 

' ,. 
. .~ 

The maximum reoorded flow was 1,640 eeaond f e e t  and oouurrcrd 
. . 

. ' .. . ' . . . 1, : on Awut 16, 1909. Thie measurement we.8 made by Mr. W. D. Renoher of 

7 .  4% Johne, who s t a t e d  t h a t  t h e  flow was l a rge ly  augmented by two woohe. 

, .  whioh e n t e r  t he  r i v e r  betweon Lyman Dola  a n d ' ~ t ,  J o h a .  Mr. Renohar a l a o  

made the  statoment t h a t  from poreom1 obsemst ion  tho flow of Auguet 16, 

1909 wae the  l a rgee t  of reoosd, exoept a f t e r  the breaking of t b  L p n  

Dam i n  1915. 

. . There are two la rge  floods reaorded a t  Woodruff, one of 25,600 

aeoond feot on Daoembor 6, 1919 with a gage height of l2.0 t a e t ,  and 

. . another, January 19,  1916, whioh rogleterod a em0 height  of 12.7 f o o t ,  
i 

. . but whose diaohargo wae not  d o t ~ E Z i n ~ d .  The drainnee nrmi ~ b o v e  Woodruff 

ha8 been oanputed t o  be 8,910 aquoro milca,  a n d  froa t h l e  i t  wnr found 
.: - . . tha t  t he  f lood Ot 1919 crane raa a reou l t  of an avorago m - o f f  of 2.8 

, - aooond f o o t  per  rquare m i l e  of dmlnnge area, X t  l a  tho xrltriv's s r t i -  
, . 

mate that a run-off of approx imta ly  3.3 soocnd $cot per  aquare mllr 

. 
, . . . 

. . 
. . 

i.. b , . . . I - , . : .  . 
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3equired p i l lway-  Capaal ty  

All ava i l ab l e  da t a  are believed t o  t a r e  bean prroented i n  fBa 

preoeding pflger, a d  it i r  a t  anea ~ g p a p r n t  tbat they om nab ruiltioleat 

f o r  any r a t i o n a l  mtherzatloo3. d o t a n i n a t t o n  of tb p r o b b l r  tcarxlsua flood 

a t  the L ~ U I  Dm. It is thomiore  a a a t t e r  f o r  perronnl jubmrnf, rod 

a f t e r  giving he coneidemtion t o  tho  t a c t o r a  a f foo t lng  rsarbua TM-OW, 

it has boon ileaidlad t h a t  the rrgillwep channel rhould acaaolodate 6 , W  

aeoond f e e t  wi th  a f ive-foot  freeboard a t  t h e  dm, There is an added 

available oapeoity of '2 ,SW aaoond G o s t  i n  t h r  o u t l e t  tunnel  with f u l l  

ress rpo i r  bead, which prot idea  an addat footur o f  rafoty,  but  nbf -h  In 

nowitre would be c ~ n s t r u e d  t o  saduos the requircS rpillwtry oapaoity below 



8,000 seoand f a s t ,  In reaohing thia eonoluaion oognizanoe ms taken of 

the faot that tba suriaoe area of f u l l  reoervoir is 1,600 ooree, and iu  

, the w o n t  that tla peak of 8,000 sooond fee t  is oxoeedod for  short 

poriode, i t  can be Cone without ancroaohixg materially upon ths freeboard, 

Yor e w p l e ,  tho poak of 6,000 aeaond f e e t  eould be exueoded 60$ for threa 

hours wlth an inomaeo of only Qb8 foet  i n  tho uatsr rurfaaa e l eva t ion  la 

the rsasnolr .  

Prosent 31S,'1mz Copnalt, 

The promant spillway oapoolty, r i t b  a f i r e - t o o t  freeboard at the 

daa, Ir not m i 8  thnn 1,200 seoond f o o t ,  Thia ia  rcuch lo se  than the oslg- 

i a a l  aapaolby, for t t a  dm tar sett led 3,3 dsdt  e inas  e o t p l e t f o ~ ,  Ccrc;pu- 

Wo f eaa lb le  wttode  apLJoar t o  bs a t r l l a b l o  for l a c r a w l a g  tho 

vation 8.4 feet aborr  thr l a m e t  exirtlag p o l n t ,  or to agprorlmtol~ 

.- rleoetion 146.1,' The haad mqulrced t o  dl~ohsrgo  6,000 aeoenb frat thnrugh 

' tho preoeat e p l l l r a y  ahaaual, rraa aonputsd troor Rumll's eBuatioa for n o w  

urifora f low,  (Pa dovelopsd 10 &la  *Text-Book on 8ydraultosu, and the en- 
, - 

traacrr t e l o o i t y  head addod. In onlmr to reirs tha dtm t o  e lerrt ion 14br l ,  



it will bs nsobeeriry t o  add rook and p a r t h  on t h e  dommtream slope, i n  
. . 

orde r  t o  lnalntain t h o  p r s r a n t  al 'ope of l h  t o  1. 1t wae ass-d t h a t ,  t he  

upetrceam elope, whiah would be paved wi th  hand plaosd rook r i p r a p ,  uould  
4 

be plaioed on o t o  P s l o p e ,  rinoe thc p o r t l c n  t o  be added w i l l  s e r v e  

only aa a freeboard, Thia  work w i l l  o n t a l l  t he  p l a o l n g  of 6,400 c u b i o  

yards of rook and 0,000 cubio yarda o f  earth. 
' 

Tho second e o l u t l o n  c o n e i s t s  of r a i s i n g  t h e  areet of tho dam to 

an e l o r o t i o n  2.3 f o o t  lbbove tbe proeont  l o w a t  point ;  t he  wlden!ug and 

deopenlng of tho proaont  s p i l l r a y  channel  f o r  the f irat  400 f e e t  a d j a c e n t  

t o  the ent rance ,  end t h e  c o n s t r u o t l ~ n  of 300 f e e t  or nan apl l lway s o u t h -  

waet  troa Btation 4+O,O of t h o  ex lb t l a i :  a p l l l a h p r  Thin 18 shorn on t h e  

d t ea lnga  on th, f o l l o r l r q  pa&@. Tha e i z o  of channel  and dopth of water 

a t  t h e  en t r aaaa  u a a  aocputed i n n  t h e  fomulu f o r  dlochargo o v o r  n broad 

o r e r t s b  w r l r  -- Q 3.09 U1 la'. I t  r o o  low4 t h n t  a d q t h  of m t o r  of 

6,4 f e e t  tn t b  r aee r to  i r  would givo t h o  d o a i r a d  diochnrga of 3,000 bocond 

foot ,  w i t h  a o r e r t  w i d t h  of 100 t e n t .  In o r d e r  t h a t  tbe a b o r a  a ; m t i o n  

apgly, i t  l a  r a a s r i t l s l  that  thm depth of r a t e r  i n  tts chancel dotaettoatl  

from tb o m a t  of tb r e l r  bo not mn than 2/3 of 6.4, o r  4.27 foot .  Ur- 

lo8 ituttrr'm fornula ond a v a l u e  o t  "nn z .OX, it waa I o u J  t h a t  a r lopc  

of .0014.5 auat be wrllatainsd i n  tba f l o o r  of thr, r p l l l r n y  d o u n s t m m  C r ~ m  
1. 

the oroat,  
i 

A groutid tnspaotloa h a d 8  the writer t o  b e l i a t e  that a l l  the ex- 

ooration n q u i r e d  far the spil lmy m c o a o t r u a t i o e  *ill bo throwh s a r t h .  

This l a  ladtantot;soua f roar t h  a tondpoln t  of a x o a r a t i o n  costa ,  but w l l l  

a a u o  an sddod exponillture f o r  a ccncro ta  cu t -of f  roll, t o  bodtoak, which 

m i l l  ba neoaraary la order to p n i n t a i n  a p l l h a p  & r e n t  at; t h  d o a l r u d  ele- 

vat ion.  Urnover, lt Ir iurtbsr b o l l s r o d  thaf bodroek 1100 w i t h i n  r i x  foot 

I 



s . .  
I .  

I i , .-.? .... , 
of t h o  e u r r a a e  a% t he  point whore t h e  o u t - o f f  , w a l l  oould be c o n e t r w t e d .  

-- . 
( 1 . .  . * .  ., 8 ., . . 

. . I . '  . . 
. . : , The e n t i m t e e  prepared  f o r  thle s o l u t i o n  wore baaed  on the  abovo aoaump- 
n 

, (  . .. 
5. b 

t i o n ,  bu t  bofore i t s  f i n a l  adop t ion  too t  p i t o  shou ld  bo eunk t o  a o o o r t a i n  
. . '  -. . .. . 
'. . .  ' d e f i n i t e l y  t h o  d e p t h  t o  bedrook. It i e  e e t i n a t o d  t h a t  a t o t a l  of 14,000 

b:.:' . 
' 

oubfo  yards of e a r t h  muat be movod, and 180 oublc yorde of aonc re t a  plaood 

. ' . t o  a o m t r w t  an odequnto apl l lway by tho  saoond rn thod .  

If tho aaoumptions upon whioh t h e  eotima'tea for t ho  aocond p l a n  

r o r o  bnaod provad t o  bo o o r r o o t ,  i t  w i l l  b e  the most  o a o n m i o a l  rcethod f o r  

o b t s i n i t q  tho d o e i r e d  a p l l l u n y  oopaoi ty.  In tha e e t l m t e s  whieh follow, 

tho sococd nethod is  ae8mod t o  b e  t b  most i o n s i b l o ,  I t  b e  t h e  advnntage 
I 

'' of loworing t h o  h e l g h t  t o  which m t o r  would War r l s e  i n  t h e  r e s e r v o i r .  

Thie i s  coneidorad a dir tlr; I t advan toae boouuae of the p u o r t i o n a b l e  oon- 
- . .  

.: . .. d i e  lone below o t r o m  bed a t  the r a i n  dnm, 
8 .  

'L 

NOR'm DIKE 

Tho North Dlko i a  an a u x i l l u r y  e t r u o t u r e  acrosa  a aoddle a t  tha 

a, . . .  n o r t h  ond of tho r o s o r v o i r ,  I t  i a  of t h e  oarth f i l l  t y p e ,  rising t o  a 
. . . I  - . . .a 

. . - 
' 

. tanxinu height or t h i r t y - f o u r  f o o t  above t h o  ground a t  the  upatram f a c e  + . . ,  
The u p a t r o m  s l o p  18 3 t o  1, covarod w i t h  a f o o t  af g r e o a l  end s i x  ir ichos 

,,- 

' . . . = .  . :'. , , . o f  readon rook r i p r a p .  The oroet width i s  r l g h t  f e a t ,  and t h e  domatroam 
i b 

. . rlopa 24 t o  1. A aaotloa of tha s t n i o t u r e  io ahom on page 6. 

A t  the pre80nt t i m ,  t h e  lowast point o n  the Nor th  Dike is 9.1 

feet h l e h o r  than thq l o h a t  point on tho c r a s t  of tho o g i n  dm.  If t h o  

lorsat  p o i n t  on tbe main darn 18 raiood 5.4 toot,  and o f i v e - f o o t  f roobourd 

.: , on tho main dm nznintainsd,  then t h o r a  rill be arr 0.7 f o o t  f rooboerd o n  
-. . 

; ,*i the  Horth D i k e .  If the aaoond plan i e  followed a n d  the d m  r u i s a d  1.3 
t . I -  . 
. .I;* ' ; f o o t ,  than  than: s i l ?  be o i rooboard  of 12.0 f o o t  on t h e  North D l k o ,  In 
( * 

.. aithor oaae  an m p l e  frooboacd w i l l  r o e u l t ,  
3 .  . 

t .. 
.% 1 -  . 

. . .. . 



The North Dike appear6 to  be in a good e t a t o  or  repair ,  end 

thore aro no suggeetions f o r  any h e d i a t e  ntpaire. 

The following e a t i m t o  i e  of a preliminary nature only, as  

detalled eurpeya w i l l  be noceeeory f o r  the greparation of  o f i n a l  er -  

t imnte.  The quant i t lee  a r e  bollevod t o  be adequate and the rsaul t ing  

estimate of o o s t  ooneervative. 

Draina a t  toe - 
700 ou, yds, ~ a r t h  exaavation a t  $2,00 , , , . 1) 1,400 

1,000 l i n .  i t ,  4-inoh pipe a t  1 . . . , 1,000 

Outlet Tower - 

8pillway (ahcnd oolut ion) 

14,000 cu, yda. eraavation a t  80P r 7,000 
180 au. pde, aonaxcste s t  2 5 0  4,500 

~n&ns.rlng ond oon t  inge'nale. 1 i 2,600 

OPILRATXOH w PIZOJEX3T 

Operation of  the tymrur Projwt ha8 reaeivod the oarual  atten- 
t s . *.', . , . .. . t lon of this  o f f  ioe, although it  has not boen posalble t o  mka dotolled 

, . '  . \ 

,. * . ,. 
studies of thin feature. A few ramarka inaidant to the  mathoda mployad 

. . 
+. i n  the opsration of the projeut are  conalderad on.eeaentia1 par t  o f  t h i r  
. . I .  ' , 

. :.?,.. 
: . . . .  report. One outstandirq item r o l a t i ~ a  to operation i a  the npparent laok . . 

' . " " !  ' " ' , I I .. 
. 4:~ .A. 

, . 
. * .  

' I .  . . 

.. , 
. . . . . .  . . ‘ 1 . 3 .  I I .  

. ' - . .  ' ., " ,*; <:,...: . ' ...... a ; '  , ! .  .. . . 
.<#.w::,., $, : . , .; ' ; .. 6 ..* 
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or  adsquatd mdintkanas .  Of oouree ,  it was r e a l i z e d  that the farmers  i n  
,.' 

t h e  p r o j e c t  r o w  g o n o r a l l y  poor, and without  funds  t o  pay f o r  r s p a i r a  

neoesaary t o  keep the i r r i g a t i o n  oystem i n  proper ehapo. Thla excuae 

ehould no longe r  o x i a t ,  s i n o e  t h e  S t a t e  o f  Arizona now owns the major 

p o r t i o n  of the p r o j e o t ,  I n  my opin ion  t h e  8 t a t e  should nct a b ~ n d o n  and 

thoreby  looe the inveetrnant it hae i n  the Lym; Pmjeot ,  but ehould make 

e v e r y  roosonabla e f f o r t  t o  r o o l i z e  t h o  e r e a t o a t  poss ib lo  amouct thore-  

fxorn. This  w i l l  r e q - i r o  t h e  e f f i o l e n t  dovelopxont of a  p o r t i o n  of tha 

l a u d  o r i g i n a l l y  included undor t h o  pro jout .  

It  w i l l  be  nooossory t o  m i n t a i n  the  Ltyslan Dm, i t 8  appurton-  

anooe,  tho main o u n a l ,  anb nooeeeory po r t lone  of the  l a t o r a l  rjyetea i n  a 

thorough, r fX io ien t  = m a r ,  S i m e  tho e n t i r e  p r o j a o t  1s deponCont upon 

t h e  L p " z  Dam, no e f f o r t  should  be #parad t o  p l a o ~  tfiin a t r u o t u r e  i n  good 

oondition. Lmaoe i n  the main cnna l  a r o  undouttodly t roxondour,  and w i l l  

oontinuo t o  be no u n t i l  the oanal  i e  oloanad and doeponod where nmeosa ry ,  

and atructvsao plaoad i n  good r e p n i r .  A t  praeent ,  the l a t e r u l  ayotsm is 

axtonolva, and ill b p : .  E l f o r t e  uhould ba concoxtrutod on Uio p o r t i o n  , 

of  th 8yiitea emont ic i l  f o r  prooont ooode, an3 the r o m l n d o r  abandoned 

until davalopzont of tho p r o j o a t  doaonde axpaneion. 

A la rge  qubs t lon  in;Icoc!iatoly preannta i t e a l f  when an s t t o a p t  

i e  wlda t o  l i m i t  t h b  aroa of tho  projbct ,  Them is no doubt ,  howover, 

t h a t  an a r e a  of '15,000 ao ros ,  sa o r l e l n n l l y  lnoludod in  t t a  p r o j a o t ,  oan 

n o t  be prov lded an  adequa te  aupply o r  wator  imm a r e o a r v o i r  of 21,900 

aore f eo t  aapnoi ty ,  when the  o t r o m  a n t o r i n g  tho r a o o s v o i s  18 unable t o  

fill it  each p a r ,  and the  l and  w i t h i n  t h e  pro joa t  rooe ivoe  only twelve 

inohoa of r a i n f a l l  e n n u l l y .  Aftsz a review of ~ v o i l a b l o  a t resm flow 
+ _  

, reoords ,  which extkd  over very few y o o n ,  there appoora t o  be no my 



, 1 .. . . I 

% 6 '  ' . . - . + and the  normal ezpectanoy from the r i v e r ,  

. . 1: . . 
Diat r ibuf  i o n  of w a t e r  t o  p r o j o a t  l ands  baa n u t  boen aoaonplished . '  . $ . . , .  

. . 
. . . , 

(1, . . 
.. . in,an e f f i o i e n t  mnnor I n  tho p a s t ,  . Thia  h a  beon oaused, i n  p a r t ,  by a 

\ 

'poorly cons t ruc tod  nyatbm, and,  a h  by l n e f i l o l o n t  i r r l e n t i o n  aod mannge- 

. "' . . . , .  ment, In S d t  Rlvor Valloy plight i r r i g a t i o n  is a necearr t ty ,  and famierrs 

' . .  . . ' %end tho  wa te r  a t  n i g h t  tie w e l l  a o  d u r i n g  tho day, Yhila n l g h t  i r r i g a t i o n  

(,..'. , . . 
.. .. ,.'(<.,:. .. the'watei take care of i t o o l f  during tho n i g h t ,  Thfe may b o  ovamoce by 

- -  :r ,. , ... . . 
4.1 .. 

* :a; : 
.* 4 

. * .  Z 
-1lrnl t lng the  mount  of wator allowed t o  eaoh f a r n o r  t o  a t i x e d  nmber of 

: ,%* , - 
' 7 .  ..;.,; r .L. &om f m t '  p a r  aom under c u l t i v a t i o n .  . c. ", .$' - '  ' , * . ',' 

.. 
. +<t -. 5; .. 

4 6 .  .: ; . + i a ~  .+ , . ,,. Montion hair beon m d a  o f  t h e  g o a e l b i l i t y  of p loo ing  a r o l l  rev- 
, &;f ?., ' . ' .* , . 

. . : -  . .  I I 

, - r s l i  j o  p r o r l d r  brains(;e f o r  t he  toe , '  and t o  lnor&iss the m t o r  oupply for 
. . 

' . . . 

;. . t h e  pro Joot. This bnn'bsen mentioned as b p o e a i b l l l t y ,  b u t  ehould rooeir. 
. . 

more c'nraful study und i a v o s t i g a t i o n  i n  t h e  fu tu re .  n o r e  mppmrr t o  be 
. I .  

. .  . - 
. . : .-:no . .  msd fo r  a d d l t i o n o l  r a t e r  st t h i s  tlns, bu t  f u t u r o  s x p n s i o n  may mar- 

. . I . . 
L . '  . . 

.. . . . :; :' r an t  tho  dovelopmont of w e l h  , Exporf onae haa ahown t h n t  n pro joo t  do- 
' , -. . . .' . , . . 

. ." . ' 

' . = '  pbndlng 'upon ourface r u n - a f t  and r o a a r v o i r  a t o r r m  for its supp ly  miffera ,5: ' ' 
. i ,  

- $, mom during nn drtroooa drou th  than t h o  p ro joo t  that has a pumpod r a t e r  

Thio ropor t  offere rocouowndationo f o r  nooeoaary r e p a i r s  t o  
. , 

. ~ . ,Lymnn Dam, but l aok  of d e t a i l e d  lnfonnnt ion  prevonta a n y t h i n g  mora than a A 

' .,, :. ' , 
" I  . 



. , .'. ,:. . , . .-I: 

.;. . . -:: _ . ,  , :. r eoomendh t ion  &at i ve  t o  o p e r a t i o n  of t h e  p r o j e o t  . It is ' aug- . ,. :< , %;?. 
, ,. 

. . 
. . a  . ' : I .  . 
,::;;'..'-':, &sated thkt ~ s t b i l b d  i w e y s  and studlos' , ie  'mde t o  "determine the sssen-  . I " .  . .  #,' . . . .  ,, , *  .,.+ ' .. ,. . . , 

8 . . 
.' . - ;;- . .. ' ., f ie l  ropaire r e q u i r e d  for  t h e  main oanal and t h e  l a te ra l  distribution , 
I .  . ) I .  

. . . . . . 
, . .  

. "  

. . 
. .  "ayaturn, and t o  t i x ' t h o  aoraage t o  be , i r r i g a t e d  oaoh year. 

, . 
.. 

CONCLUSIONS ' ' C '  

1. Tho t o e  of t h e  dm ehould ba dra ined ,  aa a n  appreciable 

,A .' e a t t l e m e n t  is l i k e l y  t o  ocour under f u l l  r e s e r v o i r  if t h e  m n t e r i a l  a t  
\ 

the toe baclomae' saturated, 
,. . 
* '  
, . f . '  2, It 16 apparent  that the g a t e  a t o w  and o p e r a t i n g  mahanimn . , 

. @  ' . . . . 
: f o r  the  s l i d e  g a t e s  are i n  need of ropai r .  -' .. . :. , . .. . 

' ,'?,., - . 
. . : 't 3. Old timber8 and f o n  lumber c lu t t e r  up t h e  g a t e  . t ower  and 

, \-  . . . . .  . . .  . 
. ?  t h a r o  is no laddor inaido,  whioh oombino t o  m k e  tho  &&tea  p r o a t i o d l ~ ~  

* .  . ,- '. 
; 

* ~naacasnib lo . .  ' This  condf t i o n  ohould no t  be p o r s i t t e d  t o  oontlnuo, 
....a 

L ,  * y  ;.. - , ,* ,?.? .' . 
: . .. . 
,l. .' :; ... ' . .& : . ' 4 A ~ e r l o u a  leak e x i s t s  l n  tha  north a ide  o f  the  o u t l e t  tun- 
4 .  .;'#*. ,- - .@ - . . . .  
: r  *-:.&el; whioh  should^ be m o d i s d  a f f e c t i r e l y  a t  'an e n d 7  da t e .  

r , L '  4 .  ' , , ,- , "  , _  . I 

L.. . . . . .+. 
6 .  Than is  cona ido rab le  loolrage through t h e  roof of  t h e  8outh 

, 4 . . .  .. a ,  

4 1 

i.' . ... , 
t . . . ,  . . .  . . '!.helf .. . of tho tunnel ,  nnd botreen the roof and t h e  v o r t i a a l  parti t i o n  wall, 

. ;t .. . . . . % #  "'" both  of. which should be rezaahlod. 
. ,. ' .  . . . ' I . ' . . : . . . , .  
.I.'& . .; ' 

* , :  ' 
' 6. Caloulat iona shw tbe presen t  u p i l l m y  has a aagmoity of . . 

. J  . , 
:',. . . .:: 1;200 s e o a n d , f s o t  with a f ive - foo t  irooboord a t  t he  '&m, b u t  t p  conclu- 

. 1 . .  

t t  f.. , ... ' , 
-.? . ':+. . - .  i a i o n  l o  ranched $hat thic; sp i l lway capac!ty should be n o t  l e o a  than 5,000 ;. , . .+ .cI , . 
;., - 5 racbnd t o o t  with the  m a  freeboard. 

' - \,,: . , . , .#*, , ' . . . . .  
.;., . 

%..  ,. ,-. 7. ' The North ~ ~ i k e  has ampis :f meboard ,  ond appea r s  t o  be in 
' 

. . . . 

, good oondit ion,  . , .  

0. A preliminary eatfmate l n d i o a t e r  t h a t  thb a o a t  of r e p a i r  

work 

. . 
:, + - 



. -<. , i  . , I .  (. 
. . 

. . + . 3. A thorough clean-up inel'de t he  gate  tasr  and the in s t a l l a -  , .,.'.' ,l .,' . - a .  , . . . . . .  
1.. 4 .  ' . . . . ,, ..' 

.;i ,. t l on  of a s t so l ' l adder  fmm t o p  t o  bottom are needed. ., I . - 
:: .. , * . . .  , . 

, . '  ' 

.: .\ ' . . . . 4. ~ r 6 u t i n ~ ' u n b e r :  . . a* ' l t eb ls  prooaurd is rsoomnded t o  ramedj 
. . 

' I  
I t 

. . the. leak t h a t ,  s x i s t e  cn~ the '  north side of the ou t l e t  t u e l .  .' -.,, , . ,  . . ) .  .;. 
* 8 

, ;;;, ; .- .. .i. , . , . , . ( '  , 
b I 

$4yh3,- ,k$!,;,. A - So ,. ~ ; c n e - l n o h  thiokneaa of guni te  should be placed i n  the south 
. . .  , . , , . , , , , . : . . . - . ' ' 

'.. ;. .i. 

. ,  a . ~  t h e  ou t le t  tunnel betreen t h e  gate  tower  and the ou t l e t  . 
*i.:. . . . .  . . . . . .  
* 'X?, .  !:. -,;(. , . . , . ' .  . . 
, ' ;. , .' 

. '  ,. - . ?-': . .b !; 6. In  o rde r - to  obtain the  rorlulred opillway oepcoity, the a r e s t  . . 
. . 

:.+$ -;. . , . . . > 

 of, thb"d& should be raised 1.3 f e e t ;  the  i lrst  400 foo t  of tho spil lway 
.$* , ...... F; .;,:.-,. . . ,:; . , r . t 

..' . 
'~~.:;::,phmiel deeponeb and r l d e n e d ~  and"*, new spillway ohanno1 oonstrmted imn 

"_  . I .  .; ,' , ". -. . . b . .  ' I d( - .  
: ' s t a t i o n  4i0.0'of the exis t ing ohmno1 t o  t he  b a d  of the vaeh 300 f e e t  

*...:-,:. .. . . *  
. . . . .  

* jouthrest,,  aa ,shorn on the drawing, page 23. J* :  ". .. $" 5 .'...... :'..i- ' v . - ,  . , 

.(fi"''f:. .,,.:.'+, : . , . 'i . ' .. 7. It 1. urgently rso-ended t h a t  tho  repaira turd roeonatruo- 
C = & p ; ' - :  ' 

.Lh. .,.... \. ..".. . t i o n  ...... l i s t e d  above be omplotad a t  the eos l iee t  poesibls da te ,  i n  order  , 
_ . L  I .  




