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, P~IZ~ACE 

The ~ucumcari ProJ ect ~was ,v~sited ,February ~4-6, ~l?l~, iinclusive, 

to assist in~es~abllshing, rating sta~ions~,'Imd prated -u~es ,,~ I b e  

followed An aeanri~g the amount of wal tom"the :C~aebai 'i~ 

by aeepa&a. ,~he problem;is unique due to ~he existence of:aume~' 

siphons and ttmmelI which afford controls. ,.;,~"f°r current;~ter gaglng~/.~ 

station~. _,'; 

Much eredlt is due the prgJect ;pers~el,.: ~rticularly, ~es~,~.: :~ 

,. M. S~arr, L. Y.~'Carden, E. E. Cerny, ~:;R. K. DeWees¢.for.rthe : 

courtesy and co~peratlo~ extended the wrier. '*: 
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Branch of Design and ~Construetlen 
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~and .Rese~.~reh ~ . ~ S i a n  
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::I. ~LNTRODUCTION ; ' 

I . ; D e s @ r ~ o n  (o f  v r o J  ect .  ::The". Tucuacari; ProJ ecg ~ 'i~.in ~the ~eamt 

.eea't, r a l  port~o~ ,,of:.New ,MexicO, ,'Is approximately ithat: po~/~cmi:o'f'~.Ch, -, . 

?South-.Canadian~?River bas in  below the ;AlOO, foot contours, i ' l ~  .Of ~:~the ;:~: 

river "~d,-oontSguous ::to ~ the town of !Tucu~carl-in Quay eo~a~, ~),The ~::, 

,-a'..-;~e. lhe:water originat~ie :. in t h e - - r e s e r v o i r : b e h i n d ~ O 0 ~ i ~ :  i"i ': ~ 

lo,~d~.~,t,:~e.z eonfluence:-..,of~:Co~eha. C~eek.and:~:South::C~a~--i:'~, :"- 

~h~ch,~oontrols.Ti:310.~:square :-miles. of ,  drainage.area,  ~:The:!&~,m, : i n ~ l u ~ t ~ . -  . ; ili...i ' 

-~f. EngLneers, ;:U. ; S. : Ar~. : Oae~half ciof ,the :!~tot~ 

~,An annual= draf, t :of :135 iO00::ac~e-fee ! :):,~sc~e ~xpeeted ~-:tOr :i,1~I-'~: ~!on 

i~poees, ~:The-irrigable ~land ~is. ooanected :%o ~:%he :resel~ollr~:~ 

~nllned ,.~ :. . Of"-700 -seco 

~apaclty~ 
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. posed 

f a i r l ~  

; of the  

.of  p ro  .tely 
~ e ° ~  '. ~n general the e~il is eo~- 

and'i~bf% ~ sandstone. Oocaslonallya 

s encountered as well as shall amounts 

t h e ~ s t r a t i f i e d  ~ a t e r i a l  a r e  h o r i z o n t a l  o f  re]  . . . .  

and f r e q u e n t l y  show " s l i c k ~ k t d e s . "  

The irrigable lands of :othe proJ ect overlies sandstones~and shales. 

The sell is~dark reddish brown and quite free from alkali although 

some small areas have alkalinity. The sell is generaLly:~classlfied 

~a$ being "~ght brown, Eranular, noncalcsreous topsoil on brown, highly 

caleareous~ ~ heavy subBoil. Depth to ~o variable:from 4 tel4 inches. "I 

It maybe readily seen that the composition of the sell'traversed 

by the canal is susceptible ~o relatively high seepage, partiaularly 

when an7 Haas in the stratified material are opened incidental to 

construction. Similarily when this soil is used as fill material, 

voids re~t due to the irregular gradation of the particles. A 

cavity under a rock, exemplifying the condition in a fllled areap 

nay be seen in figure 2A. 

To prevent a continued loss of water by seepage from the Conchas 

Canal a lining is considered necessary. The type and extent ofllnlng 

will be deteraLtned from a measurement of the quantity of water ~lost 

by seepa~ durin~ the first aeason~of operation. The existing plan 

provides iTor the installation of the required lining prior to the 

second irrigation season. 
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FIGURE 2 

A - C e v i t y  u n d e r  r o c k  i n  c a n a l  
b a n k  n e s t  s i p h o n  No.  17 

B - Looklngdownstreamet 
6.aging station No.l 

C - Silt at gegi~ station No. i 
D - Looking downstream et tunnel No. 1 

CONCHAS CANAL - TUC~CARI ~R0/ECT 
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:,::leas by peepaxe,  leea%ei+~he+erltle~l '~ 

!and def ine  ' ~ e  e f f e o t i ~ e e i  ~ " r ~ n + ~  +~he l o s ~  <of anl 

, ,~t t .ug i ~ e s  f o r  ~ t u P e  o p e r a t i o n  o f  t h e  ~osn~ 

In In~ ~ion oE +the p r o b a b ~ t ~ i ~ o £  +the i z ~ i g a h ~ s  

water-) 
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l ~ X %  Re necessary i s~d instanatlon o f  ra I ~  " e ~ . k ~ r~ ~ . " .  " ~. "~ 

v~e~n£t~, o f  gaging e t a t i o n  l j  t h e  eurrent ~ t e r  ; e m a ~ t s i , l h o ~ d  . .;:~, ~;:: 

~OQ ~ a : s h o r t  dls~zee d m m ~ 0 r e a m  i n  I , .  -,. +.;'~'+:~ 

The : u l ~ e d  e a n ~  s e o t i o n  :ups~l~Ms from any t r a n l l ~ i o n + n t ~ l ~ L ~ & s  a-,.y .+:~i 

gaging i ~ a t i ° n  l ~ o ~ d  be ibro~h¢i-~!,to+ .proper+ grade t o  l~ev~It:, :~ - -b l~OS~"  i~i.i:,~!i~ I .  . .  

of  the . ~ o w . . S ~ n c e  t h e s e - a r e a s  ~cannot :be stablJ~m~d . ~ t h  ;~r~p~p p~Lo~- ~;i'i ! 

as proposed by the aoting oonstruotion engineoP.+. '+ ~ . + . . . .  

.. im.e~.~u.,,u,~r'-- '--~'~- SEEPAGELO~ - . i,+-~ 

&+ gene known,-~thods ,Of measuring the a~mmt @fi:+mte~' ,los~:+~Pom :a+ :+c.: 

,+- +!+~ 

+ • + . . ~ + ; . /  

ou~Plow in reaches of  the :+canal r~tWOOm established rating ~ t £ o A s +  . +  +,++, + ~  
+ + • + - + , + , ~ . .  ; + :  

(2) use of weirs to measure inflow +and+outf~o~ inz +++++~ 
• . • +Y.+;i~+~+,.~i ++/ 

reaohe+~+of the canal Isolated ~ +~ppOOnS,(4) ~l~IA~l~ll~nts "~th " , "~+'+'++ a . . . . .  >..~ 
~+~ ~ 

~abor~tory seepage meter ,at various po int s  i n  .the bed ~ :. : ++. 

w h i l e  w a t e r  i s  ~ . o w ~ g ,  ( 5 )  c o n s t a n t  o r  v a r i a b l e  : h e a d ,  i:+: 

+measurements at various points +in the +,canal +under .+he- ++ : '  

£1oW~ , (6) laboratory tests On undisturbed cohesive-sOils or >~ ~:~i.i no 

+,: + • . 

. . . . .  . . . . . . .  j +  
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o:"~ ~ e  o aria: ,  :~i, and ~:.(~ :':~ :.:conpUt~n~ :~e~:: ~:~< :~ -..~ :. 
~und water ,,su~aab:: ~bserved ,.i,',':.te~,~ :,wel:i 

while" flowing. ~i~ .,,~ :: 

. Current. m_ter; ~aa eure~ats. ;.~:+To.X 

:+ neoelma'P+y • to  :e~blieh . .gagl .ng.+. , tat lons :::~t, 

diseharge. 'Neglect'g,:: eva~rati~ , :+;th,S, d~ 

may: be o m i t t e d .  ~: 

, ~ ' , 4 ~  ':.'4 

nfflelent oal~;f~:.ua+: e~as£derablec~gt~ + :~a~ 

.entlre ::' reaoh '?.be:~ g c o ~ £ d e T ~ l ~ W h ~ ,  

: . the p e r a e a b i l i % . / :  o f  .the .:.,soil :may. w ; r t l e h r ~ g h o u ~ , :  ! % h e , ~ l ~ h  .~ . : .  

o b s e r v a t i o n  ® ~ • ..- " 

Ne,.~;r measure~_ents .  "!The p r o e e d u ~ e :  f o r e ' s i n g  ~ w e i r s  i.~o 

the differential .~.ow at::the extremities !~f.. a.:~h i:~ih~..a + e~ 

• . £ m i ~ . t O  t h e  c~rent.meter-.method" ~ T h o ~ ' e i r i l p ~ d ; s . : e ~ i : ~  ?' 

• - ~ ......... "~ '+" ~ "" ~:~n :.SO~ ~:+.~ 

~a ed ~--e ~- :. _i,. ,.. 

" .m~vo be: ~___--4+.e ac~,~.~+.e~ = ~__, ,~ :~.dete~4~d.~ :<>:b x 's e g~e ~'~! gat~g ..... ~ a .:~:::'. :i~/'~ e~" ~" '~ ,i:i.:~ Of ~ 

-: water :, £s . no% required. :+.Tt~ :aoes.not pe~:~t-,:?n~illZa~ion,i6f:,-~h: 

-procedure  on ,the :~roblem.:at  : hand,  - -  _ _  :, ::.-° . . . : 

seepage meter co~£sta~of a cyllnder:! 

j- 

~?.J 

..,: '.:. 
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&pex~' a n ! . ~ u ~  er ~':a%~exlble bag, balance. -: . 

owe~:i er s-~ced tn%o~the'c~nal 'bed:tn::'whlch ./ /ii.:i 

" he ..:top ~f the ~: cone.: belng.:.:.open: allowm - .-..:.:i 

.sca'ii ~ ~:~e'placed. b~,.water. ::The ~g..Is:~-then. ::':~ii:' .".. 

:..:ft~iod..-,~d connected b~ ~u~'[ng,:~to the lowercxltnder~d ~v~t~d to~he 

at~sphere" to f~cilltate refilling .the ,:bag, .The L flexible bag:is then 

=• ~ p l ~ e d ! i l i n  ':the upper cyllnde F. ,•~d any"water: s e e p i n g  from ~the ,lower ,. ,~ r 

'.}:' i,.~i~d~r: through the canal bad'is "replaced ,by.= flow "from-~.~he i:bag].vhlch 

:..~:.~ot be su~aerg~d durlng"the test. The loss ofwelght:-rioI"the:bag :as. " .. .' 

) -' .~! 
I, 

ir:.Ori"..'~'O~!i, permeability may" be ~ computed. 

~ii ~ .b~lity.: is. applic~ble ..to only one/point in)~the , section, ~:.however~ :'the :..?--..: i 

'~"~ '" . ' r able~'head Dermea_-~_ter, or~'l~bor"to~.,'me asurem°m~s' 
J ~ H 

..... " ',.Constant ,or va i ~. ._ ,, -- • ,. . . . . . .  " - .". 

!~?:ii: i.:.::.:. :..i ~!~he' determination of :.th.e~. perm;ibLlity o f  a....soll ~::~~ the./¢ons~a~t':~_he~d . .,-~ 

"i'.;)~i:i:::i: ,::,i(pe~eame~er.methOd !involves: adding a known:..~ti~y of ~::wat~r!:.to . i, ' ": " i! 

: .... • seepage ~, losses, :b~t is applicable to only the: ~uall area~.under' the i ~ 

/~!~ ~i~!~cyllnder. -:Since this apparatus:is not ordina~il~ used :wlth':.!water~: 

: :!.i... flowing .in ~ the~ canal, a correction ' should' be appliod:.J~,~:~ ~compensate,.,~ ~ : .-::!~..~ .: .... 

: for,.the ~radial flow .which c~o% .:exlst_ if the :canal ~le_ . :__~=carr~g~wat 

, However, no~method:~ i s  known ~ o  :determine ~ the  amount:of~.:corree%lon, . , ?: 

-.,addiIIonal dlsadw-n%age~e~ Ists::,iu~thattthe f ' lowi len~t ,h~throughi ' the .  :.,::i,i.::}.:')/-~'-:.-I~,~.~. . . 

-: . ..____,..__.___ -~-~oIA:?~oroxnarm&v:cann°~ .- . . 

:i~! :i:{ ? , i~he-~art~blei:-head ,:per,~e~moter~:.method :~sseBaes ~%he :seaae . d i s -  

" " ~~ " .:.,advantages ...~ ~.s)~more .appl~i~ab1'e:::.~o:~soils"-.of~ve~y~Iow;.~P ermea~il~Y-.'. .:,. 'i".:""::-~'~: ~'~ 

) 

~.,;~%~, , " :'.~i I ,~'."- ",.: --.~--~,"- ..... ',--:, -:::.--~ - -=, : ,, .-: ,~ " " '•~,.:" . .:.~-~":": ~: ' ~"' ,::'.-.,,' -,',:3"=~.:-:.~.,~,.~: ....., ........... . , ~ . . . .  .... 
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By DarcyI~w the volume o f  flow'through the s o i l  in ~tium, d%p 

K(~)L- Adt ~ch~' is equal, to t~le decrease :in volume of . :water  in  the is  

tube above the c y l i n d e r ,  therefore, a - adh= Ki ) t 

where~ hf = loss of hydr&ulic head in the Flow length, i. 

dh = loss of hydraulic head in time,'dt "~ 

K = coefficient of permeability 

I = flow length o~ water through soil 

'A = area of .cross-section of cylinder drlveu i n t o  s o i l  

a - area of.cross-section of ~ :tube.above,cylinder 

By integrating 'between the limits.of h I and h2, .and ~ and t 2 and 

converting natural logarithm to base I0 a 

- @  

A(t  t l )  lO 

The laboratory tests for dsT~rmlning permeability on undisturbed 

cohesive soils are conducted'in a manner similar to the constant or 

variable head permeame~er methods. This procedure has:an additional 

disadvantage to those listed for the constant or variable head methods 

in that the undisturbed soil maple is difficult to Obtain. 

I0. Determination of loss by 0bservl-~ slope of gro,m~ wa%er. 

slope of the ground water caused by seepage from a canal may :be 

obtained by observing the water surface in test wells drilled on:'~a 

line normal to the flow of the canal and at varying distances from 

the canal bank. From Bernoulli' s theory, 

V12 V22 

where, ~2 = velocity head at point I. 
2g 

= 

2g 
velocity head at point 2. 

Pl __ pressure head at point I. 
W 

L ~  

, .Y 
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P2 head at point 2 .  
w 

Z 1 = p o s i t i o n  h e a d  a t  p o i n t  1 .  

Z 2 = posi%io~ head at point 2. 

%,'~' v" 

;,;~ - . . ~ ; . .  

':> " .... .' ~ e e e  

hf = hydraulic  head l o s t  due to  f r i c t i o n  in 'flow b e t w e n  

points  1 and 2. 

Since the velocity of ~ater flowing inthe soil is very,emall~ ~he 

velocity head ~ay be neglected. Hence,'by solving Bernoulli~.s equati~a .. 

for the head lost in relation, 
. . . .  / 

" "~5"'< 
hf , . .... ....,, 

From I~eoy's law V • K~- . , ~.... .... . ..... • (I) 

.,i, il, .,." :.:., .: 

I _ 

Subs t i t~ t ing  the val~e,:of ~f:~i:Ant6 ~ % i o n  (I). 

V = velocity or. fl~ " ":' '~:'~ " " : 'k!::~' " ' ;  

K : coefficient of'!. Ity of the soil. --.=-..,,,. 

hf  = hydraulic hea~i ~lost,~between any,two, points .  ."gi::~ 

I = length Of :coll.;through-which flow o c c u r s . . , . , . - ' : "  ~' 

V =K 

a n d  s i n c e  Q = A  V,  i~. -~' 

+zl7 _ 

L'" -"--,JJ Q =AK 

./{ 

!-i 

9 
3' ::~ 
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at hand. ':"' 

After cousiderlng the advantages and dlsadvantages of ~ e  v a r i o u s  

methods for ascertaining the seepage loss, the :current:meterlprocedure 

appears  to  be the b e s t  f or  the e x i s t i n g p ~ b ! e m ~  '2~', Tti is  ~decision i s  

also influenc~l by the large number of structures on "the::Conchas ~, 

Canal which will provide ~:!gaging stations thus enabling ,immedi.~te 

inception of the program. 

THE IN VESTIGkTION :~ 

F.ield .~nsp.ec%ion. To nssist in establishing ~current meter ... 

measuring procedures and gaging stations, the a u t h o r  visite~ the : 'i:]) 'ii 

Tucumcari Project February 4-6, inclusive. Thei:canal:had been opernted 
-. ,~ j 

quantity varied from approximately 35 second-fee% with one valve .of the 

headworks O.i foot open to 60 second-feet ::with .a~v~ive:..~:: opening of~0,2 :i~, ii)! 

feet. As far as could be determined visibly, :was entering ::~ 

the canal from the reservoir, however, the snali:~flows eroded silt -- 

from the canal bottom as'~evidenced by the red c~ior of the.water. ~i. 

The ~nall amount of silt in the canal apparently~h~d been deposited ;~, 

trader conditions of higher.discharge wh~ 'the velocity :near:the canal !~j:,:i 

bottom was smaller. 

Existln~_~a~.Ir~ stat ions.  Two perman~t gaging s~atton,  '~ i(i:~i~i::;ii;i 

have been provided in the: canal, one belng near!ithe, headworks at ~::': 

station O + 60, ( f lgure!i2B) and the other at station 2075 +L04. 

The details of  construction are shown on figure~. At gaging 

.staIlon i the concrete floor is covered with si~ and moss to a depth 

of approximately 12 inches making it ~pe~Ible!~e-accurately ~e~ 

~Y 

lO 



"<]E 
~ . _ _ L ,  

oL t 

A . ~ I E  , ' " ,  ~ "  '.,""ons B r ~  s 
.J 

C 
I 1 

_ _ _ J  

. . i _  

P L A N  

cF" 

......................................... 3 t o  7 ;  $8. O) 

~ f  

I . . . . .  

6, .5~oces @ 8 0 . ~ B ' - O "  

JJ4 (~ ,81~  rs each .~w 
s~dt wdh uoset er~x ~ 

2 ........... ~ % ~ .  R t4 Threod. 

"~ . . . .  J 6 " 3 "  . . . . . . . . . . . . . . . . . . . . . .  __  

' ? ' ,  I2" ' 8"'0" Lo~q 

. - - . . _  

CL. 
- - - - -2 

? ' *  @ I? 'Bo#h ,~y~ . .5 .  

"*% , 

E L E V A T I O N  B ' B  

, o $ 
L - I = ,  

I 
SCAt[ 0¢ ~ [ [ r  

" < ] H  
• - -  -6' ,C'-  

_ . -4  ZOdno ~z .  

• ~'. " . ,  - - ~ ' ~ ' ~ ' "  i 

Thread 
~ H  t ' "  

Z6 ' 3 "  

S E C T I O N  A - A  

| , .~( t tY,?_~ e,L_ g, ¢ '  - c ~  P,~, 
~ ~ .~ . -F , , ,  " . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . .  1" ,o . . - -  ;t . . . . .  - ' "  . , - . - - -  

. E l  

$ 1 ~ C T I O N  C - C  

? "  ~ I I " -  ~ b  ° -  ~ '  4 "  ' - 6 " ~  

T 

i '  , P'"~ c )" I 

S E C T I O N  O . O  

Z" ~ "* l~ "Anchor 
. .~A bolt~, proj IJt,', ,. ~ "~ Rung"~ 

8" - "  3 " 0 "  ~ 8",  

~ ,.c,'P,~,,":~ ~ ~  ~°+~)"*" e',,e-s~,~.. 

- " ~ ' ;  - -  ' )  z . .~ ' ,  7?. Bo/~s. 
S E C T I O N  G . G  

I o, j • 

R E Q U I ~ E D  

E N D  B E A R I N 6  P L A T L ~  

,•! t /  

Bo~h m~y~ 

i ' *  • ;e" ~'~ - . y z  

Concrete m ~ f r u c ~ u r ~  . . . . . . . . . . . . . . . . . . . .  ~ C u  ~ds  

Re,nfo~'~¢n'~n~ . ~ 1  . . . . . . . .  " "  . . . . . . . .  3100 L ~-  
Lumber . . . . . . . . . . .  " "  

,~ re l lo r~ou~ me'h~l . . . . . . . . . . . . . . . . .  &SO L~z 

3 E C T I O N  F . f f  

"'I 

,~£C. M - H  

• ~ . ' ~ ,  ~ ' ,  

f'- . . . . . .  18" " . . . .  ~ . . . .  /~° . . . . . .  .,.; 1 

: ; - - ; - ' 1 7  r . . . .  "Tx'r'-:-~'-, . . . . . . . . .  x . . ~ . . . . . ~  Fdl~- t ) l ¢ ~  [ 1 ~ 1  -" 
~p -~, i ~ ; ~ . :  ,V. ~x :  7 . I -  ~ _  

C R O S S  1"11[' L f ':,. , :~;,'i,, 

. " i ii: 

M. I. ~ - ~  m inch enel oF e l l  t , ~ , ~  • " '~'' :~ ! 
a , / u m b w -  ,.~,.s. ~,!.~t: 



~:-.w,.~!~.~. !~ '~:: ~-~': ,:i'i. ~- ~:~ ~'~ .... . •-..,~ ' "." .... ~',"..~. ", .~.~',~-'~.. ,,', 

,~-~-~ • _ ... .; .".'~: :::" 
":the. ""depth.. ~he accuracy Of. ~,~. :.autoutlc" recorder ,. 

since :~he~ inlet 'to'the- ~ioat~.~l : is ~h~ed in, o41+ . :~4~..o ~.. -" .. '.-"~!:,, 

-:'~.;,~~~.-.... snVwsi l the  odepos i t  .on ths:"'.conerete linlng o f : ~ h e  g~gtng2~s ta%ion .  "iTh'~'. .... :"': 

:~" . ali~ent,.of~.the-: canal, has. changed, due'i.,to, eros~on~:b~..s~oz~'~ter " "' ,; .. i 

, -..: :. .~:of~..the .mea~nts~.:.. . :~'Is :~the..,,po~l. ':of water whleh stands ,.~n"~the.:gag~ng.. :.~ .. ~i.. :~:~:~: 

": :' ..... . ,-:~,e~-~n,:--d=r. _...._ ~ ~ %He -condition off'no flo.. i:~"~- ' ".'::i -::. ., . . ...... 

. : . : acc~ragely :'the:.w~ter .at station .i I ~-:will '.~necessi.~ '::: 

,::'-'-:i:.., .'.... ,;:,-.... : re~rad~a~.g~..the.:.entire :.canal '. from .the still~ng :pool-of ~the" headworks '"" 

!: %o ?.the : tr~sitl~ -:Of t~nuel.:No; l, '.~e. lusa~e,..stability, %he:riprap .~.::!~:...,.I ;~'. :!. 

i!:.~ : _ ..- dew.stream from~ the stilling pool~,should be extended ~ %he :.gaging ': :. "'"::: 

.:.~ .. : ~ : e ~ t ! o n  ,. :: .. For  a " :d i s t~nce  'of~ 25:..". f e e t  . :upstream ' f r om;  t h e  st~t ion-: : . the . : :. ':.'-::~;~.': 

:. :i:....: i:.?:. :,::~.~api'.eho~d..bo .hand.; I placed, i';The i.po~%ance fth4s s~.tlon. "iJustleie". ii; ':~.~i~::::,.,... 

. .-: ".:-;~i: :: ~he .expense" re~uired-to~ perform the , necessaw work as ~ it.~is the~ bas~s ~!~- : 
-~- ~:!. '. 

:!i:".::~::: ...:for: mea~r~re~ent o f  w a t e r  :. I n t o  t h e : e n t i r e  p r o j e c t . . A  copy o f . t h e  r a ~ n g  ~'~° 

.,~:. data Cs ~'furmlshed.._. . the. Corps of~'E~gineers, for .their,..use : In~:con~rollinE ~:..:. ~\ 

.i:' . " .... ~he~ reservoir. If the work necessary .to place this ~sta%ion.~Im, p~oper. .; 

,~.?.~ . ~.~;eondlti:on:-icB~not be: acco~plishe(! ' this season, .the :cur~ ~:m~ter, obse~w- ::~~::i;/.: 

!' i "::ii~::~i !~; : i"! :i~:":!~::~~il . "~ l oas  should be ~en a shor~ distance~on., fibre 2D ..downstream'.at ~the tramsltlOnthe ...... ""!"-" " 
":'~ .- ..~m%rance.:to:.tu~nel .No. I shown HoweVer,  dey~sit ~.:::... . . . : • : . :  

~::~he t side of the transition ~hould .--~:: 

. ? . . ,  . . .  . : . . • .  . .  . . :~ 

~:~:.i:: " 'i:: . ~.:~re u".is." o b l l g a t ~ . t o . ~ ) ~ a l n t a ~ n  a P ~ I I  c ~ n a l  " f o r _ : £ r ~ i g a t i o n  " 

~':~:i" ' :pur~oses, begir~g April..l~.by use.i:of the check ~nd wasteway upstreaa 

- : ~:from...s£phon.:~o. 26; .:The-:;bklkw~ter f rom ~his check will:probably " 

ii'~::":'::i-".:": . i  :e~M~d':i.~)i;'j~hO~".!~o..-.20:ila~J~g~. : ~ h e - . v e l o c l t i e s  a t  gagL~ e sY~t lon . :2  .of".: • . ,...:~..,. ~:~ ...._:, . ,~. 

~::~. ':.. ~f*~lemt'-.~itude t O - : a O ~ l y  measure Wi th  .a current m e t e r .  ' :  " 

~:"ili::ii: : :  .- : . . . : ' O O ~ " . l Y , . . ~ I s ~ s , a ,  l o n . . , , ~ i ~ , : : n o .  ~C~ ~J~ : t t l  n . * .  ~ ; ; , + .  purpose i n  th~ p r e s e n t , ; s t u d y .  " 

• ~:' :__AZ e~_s_a__o_s ~ - - - ~ v . O z ~ s ,  Zt  is believed the ooncreSe 

i:!:~:.iii" ":i:"~'" !.~ra~Sltions to: ~he~. o~merous slp~ns~ and. tunnels afford the, desired 

~:"!~ : i:;'--;.. ..... h ~ n . ~ 1 ~  ^ ~ + ~ . v  " " f o r  " : " !~i:; :.~ -~-..-~o~.~c~ac..~ot~ current~eter measurements in that.the section 
:): 



~h.: i;~..'ho~:~ccu~a, r~corder :i~'~quos%icnabio - : ,i 

~e ~m~t:to.the _erged.in .~-silt.. ' F~Sure-2C ~.. ..... :,, 

,L.'~O.,. depo~mt, on !the,conc'~ete~lining Of"the gagin~ station. Th@- ~ . .,~: 

,. ~t, of., the, .canal has changed due *to erosion?by ' •  storm water *: " ~::"i~i 

rg .~0~ ~e.:~nks. .The result :.Is an unequ6/.::veloelty, di~tribu- . .... ,'..i! 

o. ~ ~.~,.~t~ly n~eas~re-the., water, ~t 

'ithe~::~%r~:~asi%i~n Of tunnel N~;~ 'I, i 

....... ~. e,:.~ _£~o~ the 

~o~o~%, ..-~!.or ~distanee,,.:of 25:'~/.ee~ 

. ~ p o n ~ e  r ~ u i r e d  to' .per:form .,th~ 

"~.surem~nt of ..:water into ..%he :~ 

i~. ::iS ~:f~nished ,%he-CO.~S ofi~nl 

~:,reservoir. .~f . the . :,~ork ,_ hexes,  :": :.. 

:~ ~hottl8 be '%s~:en a ~hort.'dl.s~ ....... .,. 

.... ~"::'"'~ ..... ":~ fl~:~h wlth :%he .-~m~re%e ~ . '::i 
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.t6, 

'"/ ::j.. " -, . : ::i: ' 



,p 

, 7  } 

B 

," "'Undisturbed earth or thor. ' ~?  F 

_g 
, / i  ; ; : : / /  , I .  

U 
II ~ , # # ~ ' , f 

• * P'~ , - r l  ~ : : ,'; , '1  

• > i ~ t ' t ' * " ~¢i 

i - '  I ~ . '  1 : . '  / ' ~ ~  , ' /  " 
T ~ " - I  I '  " ~ / ' ~ .  : C U R V E  D A T A  ~ ' ~  . . . .  . + l  • 

l :' v ~ l  I ' l  ~, ~.. : T ' # S l . l '  L ' ~ i ~ * ' .  ' " ~ r ~  e~ 
I . ~ .  , l ' .  : : ' . , I  . 

, I • ~ ,  .~ • ' , " , '1 1 ' I ~  " , ' ~ ' 0 " ~ , - $ : 0 :  . ~  • : "~ . ~ i , . . ~  ~ - - r" . . . s .o ' . . . ,  / / p  
: , ~ - - - - t - . - - , - - a _ _ ~ . . _ z  ,'1 
• ":  "~: '  - .;#~[.d 

1 "& , i ~ ,  " -  - - -  " ' , s  . . . .  '1 ~- ' 
t . .  I I  I " '  ~ ' ~  .... ~ ' ~  I ' O -  ~.~. l i b "  
4, e : : ~ \ "" - . " s . b : . . '  l ~ : 
' " , I ,  : " ~  ..... } ......... " ' : 1 , ~  . , .  

: '1 I .  • " -  " t ~ . _  " 
: t I ~ ; / . . . . .  ~ i . -- I . c  , 

8~##ressrs may l~ omitted ", 
i f  i~¢kforms arena# r lquircd . - ' - .  

P L A N  O r  

/ ;  
f 
i i 

I " 
I t 
i • 

T R A N S I T i O N  

I J' 
i i 

I 
J r 
t . 

I 
I , 

I ' 
I t I 

i I 

I 
,q. 

l 

I "  " 

I 

;,,'~ i o  s Io 
t I I 

, #  ~ C A L ~  o r  r l r r T  

J 
4 

_.-..: ~ . ~ ;  - . .. :- ~ : -~-- . . . .  ;.~ ..~..., : 

:::,~ . . ~ ' " L - - " ~ " J I ~  " ~ ' . ',',, .', ~ ,w.s El ~z46 ~3 

' ' : :- ; I ~ .  ; - , i ~  ; . . . ~  , ,  , ,;, : ' ~ '  L ~, 

',2,,e--: ,~; ' ' • I r * I ' • ' t 4  ~ / M £ /  

P o ;  

~ :' ; ' ~ i n  o f  : ~ $  _ e ~ " "  . ................... .t;.# *@/Z ..... 7 . . , .  asd~)'ected 

:~ ;: I " J l l ~ ~  , "': ~ .  ¢!~¢f 6"0 into floo'F." " " 

. . . . .  , o . .  
• " . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 : 0 " -  . . . . . . . . . . . . . . . . . . . . . . .  

. " -  - 5 : 0 : . ~ .  - 5"0"--,,,~ ' J ; : O ' - - ~  
. .  ...,,-.--~'3"TeP of honk: . . . . . . . . . .  .. 

,%, .  

I ~ O N G I T U O / N A L  S E C T I O N  

! 

~'r  

& 

~ f  . . . .  

- - -~L"  . . . . . . . .  15:0: 

: °,- 

" , ,  ~ ; " , - - ~  D E T A I l .  O r  B U T T R E S S  " 

! t i ~  ":... C H Y D n A U L I ¢  P I ~ O P e R T I E $  
f ; ;  "' . .  [$ECTtON I A 1 v t a i r I n I s 1 , ,  " L_Cone/ I J m ~ l  z.ts ! 7 ~  I s _ . e o l . e ~ !  . ~  l 

. ". F., ' I f l u m e  I /~ .#z [  i.~s 1 r ~  l i l S l  .O/t  1 . ~ m z  1 
• "Und[s#urbid ¢ i r # h  or thorouqhlv ' r" .lO'O ~ ,~.:,, 

"" compacted  b a c k f i l l  . . . . . . . . . .  7"" ~ . . . . . . .  ; .~,~ 

I " = ,  
P L A N  o r  T R A N S I T i O N  ~ . . /~"  

~ ~ ~  . ~. . N O T E S  " . '~ • ,r l i ,  t,._~ I "~ i 

..... .. • m 

- 3 ~ "  . . . . . . . . . . . . . . . . . . .  2 r . ' ~ ' -  . . . . . . . . . . . . . . .  , . . . . . . . . . . .  . ~  . . . . . . .  t o : o ;  . . . . . .  :?{":! 

• " bockformsorenotrequirod,"'But~t'esses maV be omitted i f  ~ . . . . . . .  ": ,i J"r ieb~r. . , . . .  l ~"tonqi~,~¢" :~. 

" • .: I J'~LonoiP.ber~#'" : . . .  3 , :  

: • i becomes 7"thick:.." i oOF~id~'fr stzew~l 
. : % 3 ~ F i l / e t - ~  .., ',::i,i, ;~ 

, , ~  '. --7 ' ; " ' -  ~"*~ - - - - ' - - " - - ' ~ ' "  ' " O S  . ~ O W n .  ' Floor s/~b. 
% .  ~ ', ! S E C T I O N  A - A  ": " ' -  
.p~#~ ,~, ~} ~,,: . I  : CiIEi~. r l O N  B - 8  ~ I M I L A  R }  :./:' 

• ' ~ ' x  :~'~ ? " 

' ~ : " -~ '~  ' : geinforcem 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  d0,0 % . . . . . . . . . . . . . . . . . . . . . . .  

.,"Top of bank . . . .  ~:o', . . . .  s:o',..~, s:o'. . 
~ ~ . . _ ~ . ~ _ : _ :  . .. .<. .... :... ~ .  . ..... 

- .  ...... "~=:. 

;Q.700 : - , ~  

~b 

, .  : ;i~ 

i ,  

J'* Lonqi#. @ 9 ".,w.: : ;%,. I~ . ~  
": i: j ' *  . . . . . . .  

. . . . . . . . . . . .  2 6 " ~ " 0 / t ' . .  :_~ 7.~'~;" 6 #9  t ' * ' ; "  

~ ; ~  • 6" Fillet 

.t" A. 

L O N O I T U D I N A  L S E C T I O N  

!? 

""• " i 

?< 

Concrete .................................. nO el .  Wg. 
R e i n f o r c e m e n t  s#¢¢1_ i . . . . . . . . . . .  .~: . . . . . . . .  l t211~1b# ,  L. ~ 

I T R A N t l I T I O i ~ &  ...... 

" J ' *  o ~" AU rv;gforcemtnt  ,he/ /  kr p l a t e d  ~m ~ e t  ~ cM~era e~ 
oet~ m #he outer I o ~ e i  witl  t l  Z ° from face 
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~ p  wl/ bars 34 diem#lets eteplices, ~ 

. . Thi.ck~ss of  c o n c r e t e  to very uniformly I~t~wlel l~di l~;  
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• Bose ofentirlr s~ructur~ Po 6¢lalecedtj~ undis~urje# • r~. 
14~t.urm/ . ~un¢ot ion  or  ~. o roueh ly  cop. peePed f i l l .  l' l " : ~  
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s:t~on: Iio.:.15 

,Siphon: ~o.: ,  1 7  . 

'Tunnel ~ No. 4 

• : ! ;~:~,~.~ 

i//~!i 
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a r e  p ~ o ~ o s  : ~n : o n e  

'~ ~ h e -  f i r  t : o n e , ,  a n d . a ~ . , t h t r d ~  ro~:-,a~.;some~,~convenient,.:ipoln%'~farther ~ _ :::. 

• d o ~ n s ~ r e e m .  : To- o b t a i n a : ,  F e p r e e e n t a t t v e  . • . , 

f r o m . t h e . -  centerline:of ~¢heLcaual. : " 

~ e T u n n e l : ~ N o .  ': 1 .  a t  ~ s t a t i o n , :  4 9 ,  +!~50 ~ s h o u l d : i b e : u l e d  u n d e r  i ~ h e  

-~ c o n d i t i o n  d i s c u s s e d  ~.in:,~ t ~ : ~ : 

/ 

A f t e r  i a.~ d e t e r m i n a t i o n  :r i S,. l a d e  ~: Of:~:~the:~.anccmt,~ Of 

be. d eai~able' ¢o~ es¢ablish:.additional-:-sta~i~s ~ 

. . . .  
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;:'Exlsting ,-we '~s :~i~:the i r r i g a t e d  : . ~ :  

%0 determine :the. wate~ '~urface e l e v a t i o n .  

,ii~:~,~,... 'constant l y  i being ~.~i the data ~iwill ::be 

determining t h e  :trendi:!°~f the -ground ~water 
~ r : '  . 

cons iderable  t i m e .  '~:~'i ~: 

17. Factors ~Tntrl~tlng:,~to ~:euccessful ~:/,~a_=u~u~+-~ ~ 

factors ::in addi~Ion'::..~oi.those~prevlously:,men~ioned..~.ehould.-~:,. 

proper consideration:~o insure accuracy ':in ~u~ent ~meter ~m~sura 

Overemphasis . cannot:-.be pl~c~d ,upon :the:~fgctor.s :con%rlbu~'g "~o:~% 

proper characterlstlcs of a :gaging .~i~atlon. 

-pproached by a consi~i'able :leng,th • of i.'str~i 

untform~velooity:  : ~ l . s ~ , ~ b u t i o n .  
~:~ 

free of silt and moss4:to :enable 

Care maas%: be exercise~to keep 

p l u s  of the .  t r a n s i t i o ~  ~to avoid 

i~ of the water enterln~!i;ithe transition. .d 

be marked.: to permit ~~ture :measureaentl i~Ii 

A rigid staff gage 

-after each set:.of 

surface w rles :app 

Due to limitations 

per second c~ foo t  

%~ h--roug -~ more ;~~ " " ~- .... oc~r ercent :: f ~ t h e  ~:cr~s~ section ~%he~data 

should be discards 

used for ~depths les 

. '." 

. .  - e • .  

0;8 depth) method 

greater depths, ' The~ver~icals 

are dictated by good~:practice 

and at every break ~ .slope of the 

is to-exceed two feet. 

• 'bl 

?.} 

" -7 '-•~ 

i~ ~ • .,• - 

no :epa:.oi g 

~. ,.. 
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-.-. ..... _" _ ~ :~'"i'~': ':....,,~f._.._ :.'~i~or:a Ohan~e in ,the v~ive ~Ope 
. . . .  ,: 

measurements!! s :.pe 

, ' e s . m a i ,  : a n  :inspection ~ o f  ' t h e  ,.,air ..~l~ede~ for ,~ 

,if ~y discharge 6f ",water ,: haS : o ~ r ~ : : , % o . , } a e s t  

~Correctlon, for/any :dis charge dat ., ..... - r r ; m  .a  ,wai 
by me~uring. !Ne ~flow,~in, the waste,-ch~dl ;' Or 

o a ~  each ~Ide ~.of,~he structure. 

'b_~o~her: f~ctor whi ~ 

. . . .  ~=:.~!~i:~?~.~ 

~i:.. 

~:~<:. :.-....':" -. :by ;measuring the "fl~. ~through. a ,.slngle,.; ~, unit with . !~. ~ or?iN~d ~:water " ::~::/ "~! 

Culyrent ,~ter -.equipment. !,The, current m~/~er ~nuip'en~: e~S~ 

- '  ? 

~ . ,  . . . . . . .  ~.. - z~er :.:~suspen~ed .:;4~9, s h o v e .  ~. 30# " C 6 1 u m N S  . ~ ' e i g h t : ,  AccordinglY/, ~ .;/~:~ 

~::'~''":" .... r~d~gs ;:..t~ken win .the-wading rod~or ~.I-~# ,weight i~are ~n:e~or0, 4 '; ..... : i~:.,.:.:~_. ~ 

~;. ,:Obse~ations -pre'~iously ~ m ~ d e  ,:.~ith~:m~spenslons other :than the/one - " ;:: 

~~" .... for.~.~ICh-a itable.eXist-.could :be corrected by~having .themeter,,re~ted....:.~!! 

" ;: " Howeveri?:the..:data~ro~ained do~s no~t appear.~sueficient .'to ..~us~ify.:the ~: 

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

ca%tle, water ', tanks . , ~be in  ai n canal. ~by- ,  a :I~i~2; -.~;2.:~ :r.,~ 

%a~k to.overflow, while ,~'t another installation ~a ;:~idat~oper~e~d -: 

.valve has ~ been provided -_to maintain a. con stant ,elevatidn":!in -:,~he .: " • ~.ii":i;.. 

• -tank a n d  : P r e v e n t  r~Ste. The o ua~tiW :being consumed by : a  ~unit . 

, ~ o ~ r o l l e d  by,an ,au%oma~Ic .,float ",valVe is" negl£giblev~i~le ~.the ~-" ~" 
;~.- ~ 

..~rawn -from:%he canal ;with ,:no ~control !inn the supp!y' ;]sine:~ma.~..£!:;":";~', 
~be :app~iable. St-:is :reoommen~ed that ~the number of.:c~n+;Inuously ", 

o  tlng .,u Its . be  ae r ined ". he-itotal disc ge .-.asce  'In a 

-addltlo~al work. :'Addi%ion~l .equi~t including, a Mo gen ;hanc ~reel' 

a~ ,weight pins ' : slnpl~fy the .-~.mechanics of : operatio~.:~ ";~:r 

- - , i " - " " " J:" 

. . . .  : . . '  : ~  ;: :: : : .  ,-ii.:"..-i  ̧ - . ~  . . . .  k./:;~::"i:;-. 
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'are equipl 

r~rder. The/two ipermanent ~gaging stations 

automatic ~recorder~s, An error will result through 

use of these gF~ges unless thee pipe connacting .the-f~oat wel~with i ~. 

the canal iskept free of silt. ~To obtain maximum~accuracy a. 

correction must be ~.de ~'or the ~lag of the float between ;the rising 

an~ fslling st~,~e ,.~nd the effect of the li,~ " '~''~. shi~t~. 

Correction~due !to rising and,f~.lling stage: 

Let X = depth of floatation of float With 

counterpoise in alr. 

, L - 

"7 

#ii~#i 

ii?i ;: 

r and f denote rising and f~lling stage. 

F = force required to operate instrument. 

w = unit weight of ~water. 

A = area of float. 

" Xf = 2_~F 
;r 

wA 
or ~if the float is circulzr 

X r - Xf = 8F 

In pracZice the indicator may be set to give true height for a 

rising~ stage, then 8F _ can be subtracted fro=i the reading at the 

same gage height on the falling stage to obtain true height. For 

example, let 
u~ 

F = i ounce. 

!/ 

D = 8 i~,ches. 
-l 

them X r- Xf--16 =0.0057 ft 

(8)  (3. a6)62,5 
12 

which is the correction f~ctor. 

Correcti{~n due to line shift: 



~O 

ti" 

i : i  L~ 

L e t u  : e e i g h t o f  l £ n e  per f o o t .  

h o = ~ l e v a t t o n  o£~l tqutd,  or~ ~age 

h e ~ g h t b e f o r e , ~ e h ~ f t  o ~ l l n e £ 1 ~ a  

one s i d e  to the  oth~ro 

r~ 

h 1 : ~ e v a t t o n  o£ l i q u i d  o r . ~ a ~ o  h e i g h t  a f t e r  8 h J ~ t  i 

' ~rom~ one e£de t o  the  o t h e r .  

d = - - ~  (~'--~h~). 
- ' e  A ~ .. 

For e~anple~ 

A s e ~ e  . the l £ne  bee e~ w e ~ h t  oF:0.00651 lbg/F~o 

D.= 8 = 

h. ,_ . -  ho  _ - Z O ,  

Then dx = ~ -  2. (0,0(365) . ( I 0 )  - - -  O.O06'~whJ.ch 
62.5  ~ - 

i s  t h e a m o u n t  o~ corroctl .nn~due te l  l i n e  s h i f t .  

~ubmergauce o f  c o u n ~ r p o l H :  

I f  the  c o u n t e r ; ~ t a e  ~ c o n e s  submerged, a oorrectton**must b e  

• ~de  Fro~ the  equat ion~ '~ -: 

Z ~ - Z = .  C .whore~ 
S c m  A ~: 

. 

Z' = i~epth oF. ELoatat ion  .of f l o a t  v £ t h  oounterpo~se  

./ 

Bubmergod, 

~c -" B ~ c ~ f f c  ~ r a v i t y  ~ o f  c o u n t e r p o i s e .  

C = ~ t .  o f  c o u n t ~ r p o L ~ .  ..... 

J 

ffany a a n u f e c t u r e r s  o£ erase  r e c o r d e r a ~ L ~ l ,  f~urntsh, upon ~ '~  

r e q u e s t ,  t a b l e s  showing the c o r r e c ~ i 0 n e  r o t  t h e S r l i n s t l ~ a e n ~ .  ~ ,  * "~i 

Compute. t i o n  o f  diL1cha~ee from c u r r e n t  a e ~ r  d m ~  i , ~  ~ 

d:l.e 

L 
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Nhere  b , b b - - - - -  ~ ~i " " - 1 2w 3 bn~.:~e t h e  s p a c e s  b e t w e e n - ~ ' : v e r ~ t i c a l s ~  ~ " 

p o i n t s '  

a o o ~ o n  reference~ the mean Lveloclty and.  s o u n d i n g s .  ~ " - : " ' 
~The~protile ,: 

o f .  t h e  s e c t i o n  w i l l  be o b t a i n e d  from t h e  p l o t t o d - , s o u ~ d i n g s r ~ w h i l e . t j ~  e 

v e l o c i t y  curve w i l l  give ~.the a t r a n s v e r e e ~ v e l o c i t y .  The~aean veloct~F !~ :.,~i!,:'~i I ': 

and mean depth is~scaled froa:~the Plot foreach partlY,area. Th~ r~ J~ 

p r o d u c t  o f  the c o r r e s p o n d i n g  velocity, depth and wid~ will glve~:t~ 

discharge tl~roughthe axeabelsg considered.  ,The eumnation,~.Of.:.+.~ ..... ~":i~i":/'"~ii:::!! 

partial discharges will give the t o t a l  quantity. FoX,convenience, 

the soundings are~ plotted b e l o w  the~water surface as~Teference:~line 

while '~ the velocities are plotted above,the ease liae,~:!:;il This me~:~d 

has  t h e  a d v a n t a g e  o f  o b v i a t i n g  e r r o n e o u s  r e a d i n g s .  ~i~: 

~ l y m t s  of. d l s c ~ r R e  -~.-~-suromant8..~i3y : ~ i n g  8 n  ~L lyOtm " • 

o f  discharge aeasureaents, irregularities ma~ eppear~whlchi~would ~" : 

othmrelse be unnoticed. One such study requires plotting ~i~area ~~ 

a g a i n s t  the:  g a g e ~ h e i g h t  t o  o b t a i n  an a r e a  c u r v e .  T h i s  c u r ~ o m a y : ! b e  z 

e x p r e s s e d  i n  the  form o£ an e q u a t i o n  w h i c h : £ o r ~ t h e  t p e z o  a l  : ~-. ~ ] 

s e c t i o n  o f  t h e  Conches  C a n a l  ~wi l l  be l :::~, . : " " 

v2( . . . .  ::! 

where D = d e p t h  ":! 
- ~- i 

B: : b o t t o a  w id th  

@ and J~ are the angles the side slopem sake wlt h the = 

v e r t i c a l .  :'" :':./i~';il 

A _ - area o [ .  cross-section ...~ 



By differentiating, 

d A ' - -  BI+ (tan,"@ + tan,:~¢) D . w h i c h ~ i s  
d . D  

the ,slope of the area curve. 

.Again differentiating and' eealtiplying by;.A. ~,::, " 

(A) ( t a n 0  + ¢) 

If the,:value of d2,A (A) ~.is positive, ,~the curve 

&~ 11 

.i is concave toward+~:the A:,!aXlao This,>velue-,will al~ys,:be, ca 

• ' positive -for the studies under, consideration. 

To find the slope of'the area curve,at ,any point) 

Let ,  w = width ~t  a n y s t a ~ e .  ''"~!!i "~' 

A - Correspondlng-area of the stream, ., i! 

D - corresponding water, depth above• lowest : point of bed. ' '~:"!"~:, 

,~ohanged by an amount, dA =~w.dD-since, the- width;,: and depth : may ~, be ,,,:taken ,i 

,:..as constant!forthe differential rise. ~he.~slope:,of,theare~: curve 

aay~ .then" be expresse~: by w: - d A. : ~herefore) :. for any?stage ) >~the 

, : w l d t h ' : . o f . t h e  s t r e a a - . t s  e q u i v a l e n t  t o  t h e : " s l o p e  of'~.the'.area~,ea~i::a%~.~.%ha~ < i~2: 

:::stage. A~knowledge off.the, slope, of-;the::curve~:willi:~be: helpful _in ~: 

,!:its.: c o n s % ~ c t l o n .  , H o w e v e r ,  ::. a: . m e t h o d  : for i . lay ing: . , , o f f ,~  itheC'~:.,tan, g e n t : ~ s o  ' . . . . .  , , : .  ,,~ , 

' tha)".the~scale may" be, taken •into .account~:isneeessa , /A,,sa / 

p r o c e d u r e ~ • i s ~  t o .  l e t C d . D  =.:.I f o o t ,  h e n c e )  -~w-.= d.-A. :. ,~ext , lay , . ,of f - ' ,~ l :~foot  ; ,  ~-. 

. f r o m . t h e  . p l o t t e d - 5 , p o i n t  a ~ o n g  the gage,,axis'to~the,scale:of,gage " ~ "'"'"':~: 

: helghts, and at.> the e,adof this "dlstance,: lay, off ~.,w aiong- the. a~ea i::~ '< i?~J 

>.:axis:~to the scale of areas. The,.l~e Joining the endof'~the, w,llne ;, 

::,andthe plotted point will' have thedesired slope. ~For~a canal with .-.-'..- ~>: 

~.flat bottom) the curve at the origin will make an angle with ,the ~ 

":•~:!gage~:.axis. the slope.of which will be equal to the bottom width. ::'!"i:~: 

~!S ̧ 
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By determining the ~slope in this manner for the various plotted 

points the curve may be drawn more accurately and correctlonmade,to 

any erroneous readings. .~il ! 

"CONCLUSIONS .~ 

Lim.itatiqn .of p.resent study. The .present study can only ~i:i 
include the portion of the canal upstreamJfrom approxlmatelysiphon 

To. 21, or the limit established by the backwater. Since the~proJect 

is l~ot complete, the canal will flow only atSO percent capacity or 

less. Accordingly, the seepage loss will be m~terlally less'than 

anticipated at maximum discharge. ~ith proper precautions,:~mifficient 

data c~n be obtained to accomplish the purpose of the study and ,, 

establish a criteria of the anticipated conditions !upon~ completion Of 

the proJ ect. 

Project personnel were fully aware that the present condition 

of the canal at the gaging station and ~ entrance.to thetransitlon ~~ 

i sections is unsatisfactory. The situation exists because of the 

limited maintenance crews and time available. Inthe opinion of:the ~ 

writer, all, possible corrective measures are being taken but time • 

does not permit completion of the scheduled program prior:to the 

approaching irrigation season. 

Continua.rico of progrs~. It is of particular import,~noe: that 

sufficient data be obtained to determine the effectiveness~of any ....... ~i 

li~Ing bydetermination of loss both, before ~d after any measures 

. are taken :t~, decrease the seepage. To establish the econo~ of say !~! 
lining requires the i-maintenance of, accurate .cost d~ta. These 'data ~: ~',, 
should include cost of flow determinations~as well as installation ..:,i~ 
of lining by Government forces or contract. ~- i~!i~iil 
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,Pers~tting- the e~nal !-~o.; operate.., under full head. ' If't.Ne 'enlar ed ~'~'' " :,.. i,.~' "'.i 

. .. ~ .p gram ~es~tly :: being ."considered ~.'.by-~. the ::iBure~U~...~ ::. -' : ''~:'.:: :":~ 

• it i ~ re~o1~.~ed, ~ha t. t~ ~ete~ation :,of~ t~e ~:~mee~ ~ , !! 
lossem on,the ~ucuacari~ProJ,ect~be given-a~broaderaspe~%,: 

,i~:!, 

~!.i ~. 

i.:.i~i~ ' ~ -• 

~ ~:~ L~ 

¢ 
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