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I INTR:UDUCTION R
ect.. The’ ‘l‘ucuncari Projoct, 1n*the‘ent g

: as.‘
p..loca.tdd @t.
..\.:vhi,chmeontrola ‘7,319 aque.ra nilea of drainage area. :

mosas. The irr:l,gable hnd .ts cnnnected to t.he e 3 #emﬁ.r

f,‘-':.a'% ﬁ!m am@ ni‘ uonstrructm




roed by the. first 39 ulleu of
of 22 ‘siphons, - approxiuately
In- gonoral the soll’ 18 con- '
uﬂ@y‘ahale and “Hoft sandatens, Oooasionally a
‘fairly durahl ‘ dgto a:is ancountarad as well a8 snall amounta
of volemic”turf. %ho ssams
Mand frequantly show "plioke uidea.

‘The irrigable landa ofv'ﬂe proJect overlies sandstonas and shales.ﬂ

'The soil- is dark reddish. bro;n ‘and" quite free from- alkali althaugh
‘some small .areas have alkalinity. The - aoil is generally: claaaified
a8 belng "1ight brown, granular, nanoalcareous topsoil on brown, highly
caloureous, heavy subsoll. Depth to iime variable from: A to 14 iuehea.
Tt nny be readily seen that the compoaition of the aoil travarscd
by the canal is susceptible to relatively high seepage, partiaularly
" when .ny aoans in the stratified material are. opened incidental to
‘ conetructinn. Similarily whun this soil 1is used ap’ fill nnterial,
voids rssult due to the irregular gradation of the particles. A
- pavity undar a rock, exenplifying tha condition in a filled araa, i
-msy be acen in figure 2&. ;_"“
To prevent & continued loss of - water- hy aoepage frun the COnchas
Canal a lining ia considered necessary. - Ihe type and extent of lining
will be datornined frem a maaaurannnt of the quantity of. water lost
by |eopaga during the firet - eaaou of oporation. ‘The axisting plan ‘
provides’ for the installation of the raquirod 1ining prior-to the -
second 1rr1gation seascn.
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A = Cavity under rock in canal

B .- Looking doﬁafnm at
bank near siphon No, 17

gaging station No, 1

C - Bilt at geging stmtion No, 1

D. - locking downstream et tumnel No, 1

CONCHAS CANAL - TUCUMCARI PROJECT




,:Ratihé cggma for mturo oporation o.t’ the canal Ir:lll also bo pﬂpn'd o
' b'.‘“'f':- ’ion os‘ the prohabilit.y ror the 1rrigab10 landu hcoﬁng :

".a'

-eharaotor.tsticn of tha gagﬂ.ng ltat.tona. £ ¢4

;'ganerauy Xnown mthoda of naaauring the munt of wator 1ont jfrou a
canel W svepaaa. nemely, /(1) currsnt nater msuremts of ini‘low a.nd
outflow in reaches of the oanal batweun lstabluhed rating mmn .

__-;masurnents at, varioua poin‘bﬂ 1:1 the canal under the conditim o!‘ :
o flou, (6) Laboratcry tests on undiaturbed cohenive aoill or g




:

tha poraaabillty of the soila
obaervation.

We;r meaauranents.
“the diffarantial flow at tha

sinilnr to the current neterF

givan period of tila. The quantity‘loa

ithis: nathad ia anly applieabla duriﬁg ‘thi
“.water:.1s- not required Tine doas not pe
~'procadura on the prob;aa at’ hand

i seepage.neter~¢o§;iata;bf a‘cylind@r'




bo.*repla.ced by water. Tha bag ia then :
i :u.lad a0d connee'hed B V_tubing“tc ‘the lower: cylindar a.nd ventad to t.he o
T&tmoaphere to facilitate ref1111ng the ‘bug. ‘The. flexible bag 1s than -;l‘

?uylindnr througb the canal bad ia replacar' by flow from the bag which
must be uubmergad duriag’ the test. The loss of” uaigh‘t. of t.he bag as
dit.ominad by the spring balanca is- oqual to-the: weight of water loat
- through the area of “the- canal bed ccmfinad byjthe" lmver cylj.nder 1n ‘A
:,._:g.tven"-tim By using Darcy 8 law, as aqxlairiedz‘lafer, the aoapqge losc
'Vizor soi_:' pomability may ' be: computed _ . S

- “The matn’ ‘dleadvantage to this: netho -is thwt‘the obtatneu permes
bi.lit.y 13 a.pplic?hlo to only one point in’ the secti.on ) however, the
a.verage of A large nnnner of t.est.s will: nininlze :tpis error. :

uai:ntain &. constant haad for a. givan tine in n: cylinder@bedded in

ﬁﬂw

't.he bot.tom of’ the canal. Agafm Darcy's law 15 uaed ‘tor em’“ t.ha

cylinder. ,
Ilewing A t.he canal, :} ccrrect.ion should be applied h

s Bowever » ‘0O me‘bbod is !movm to detarmine the ammmt of"
-&dd:l,tional diasdvantage axlsts fm that’ t.he ‘flom ,length thrcugh the f‘.




By Darcy'd“ﬁ w the volume of flow: through the. sail in- timn, dt, o

18 K(I_J Adt ¥ ”ch 18 equal to tle dacreana in°volums° of watar in tho
tube ebove: the cylinder, thereroraa2
where, hy = lose- of.hydraulic head in tha\flow‘length ‘l.

dh = lose of hydraulic head in- ‘tinme, - dt =

K = coefficient of- pormaability

1.z flow length of . uatar thraugh soil :

A= aTea of crosa-aection of, cylidder driven into aoil

a ~ area of . croaa»uoction of amall tube: above qylindcr
By integrating bstween the limits of hy and: hz, ‘and’ tl and t2 and ‘
converting natural logarithm to ‘base lOz‘ ' :

The laboratory tests for dstarnining permeability on: undiaturbed
cohesive solls are conductod in a manner ainilar to - tha constant or

variable head permeazeter. mothods.. Thia procedure hal an additional

‘disadvantage to those liatad for the canatnnt or: vnriable head msthodl ’]f?' 

in that the undisturbed. aoil aanple ia difficult to obtnin. ' '
.10.. Detenmination'af.losa'b ‘ )

slope of the ground water caused by soepage fron a canal mny bo -

‘obtained by observing the 'ater surface in. test wells drilled on* n

‘line normal to the flow of tha canal and at va:wing distancoa from

the canel bank., From: Bernoulli's theorem,: | R '

v : o o ylR E ..‘ E T _
<g w _ -,28 R :.‘-.V - o
2

velocity headaat,point‘f,
":velocity head-at point 2.

= pressurs head at pcint 1.




position heed at point 1.

poaitionl‘head at. poiht e

hydrnulic head lost due to frietion 1n flow batmen
points 1 tnd 2.
Since the velooity of wmter flawing in: the aoil 18 vacy Inall tha _
velocity head may be nesglected, nma, by solving Bernoulli’s equntion ’T;A'
for the head lost in frietion,

. Prom Darcy's law

Lvhers, :

i couf#ictent of: parméabality of the soll.
hvdraulic heui loat ‘batwoen any:two pointe.
length of soil through ‘which . flow occura.
value of hf ‘into equation (l)

and gince Q




”involved and of quostiona_le exnctnesm. Tha 4 ”;gt'of tine neaﬁauary4'
w
to use this method: nakes’ita applicabion undesir&ble for tho problen

at hand. , n _ e

After conaidoring tha advantages and diaadvantages of the varioul
methods for ascertaining the aeepage ‘loss, the- current mnter procsdur.
appears to be the best for the . existing problem’fiThis &aoisian ia e
-also influenced by the large number of structurﬂs,on thc Conehas-
Canal which will. provide gaging stations thus enabling immedi%ta

inception of the progran..

THu INVE&TIGAEION ‘ _
Field ;nagecyiSn. To ﬂsaiat in astabli_hing current meter

measuring procedures and :gaging. atations, ‘the author visite“ “the :
Tucumecari Project February 4=6, inclusive. Th nal’ had been oper"tid
at varlous discharges since Juna and at the time T inspecticn ‘the S _
quentity varied from approximately 35 secondnfaét”with one valva of ths
headworks 0.1 foot open: to 60 second-feet with. : 4 |
Toet, As fer as could ba determined“vieibly,-nd ilt~was-énterin£ 4
the canal from the reservoi however, the suall lows" eroded 811t |
from the canal bottom anovidenced by the red. wor of" the- water.d

The small amount of silt in the canal apparentlyfhad been. deposited

under conditions of higher di-charge whea ‘the citylaqgrithe canal
bottcm was smaller. - : o ' tg"”'f' }M‘;
Existing gag}g’gf gtations. Two- permanent gag:l.ng atationn '
have been provided in the canal, one ‘being nea “the headnorks at
atation 0 +. 60, (figure’ 2B) and the: other at at%ﬁion 2075 + OA.
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}fthe éapth. The accuracy of,

;'xrlowiﬂg -down- tbe bankd., The’;esult is B unequal velocity 1str1bu~ :
.ticn acrooa tha soetinn. Anothar ractor contributing to 1nacuuraeiea*

'gectinn nnder the condition ofﬂno flow.

: To accnrately measure thwdwatar»at station l will*necessitata; Ll
’regrading the-entire canal fron the stilling pocl of the' hesdworks
fo tha transitinn of tunnel No. 1. To iusure atability, the riprap
'downﬁtream from tha atillinq pool should be extended ta the gaging
atatinn.“ Fbr & distmnce of . 25 faet upstraam from the station tha

fthe expanae required to parform the- necessary work as’ it is the hasts
‘:for meaeuremant of water -into the entire project. A copy ef the rating‘
da ca 1§’ furniahed the Corps of' Enginears for their use: in, cont_olling
;tha reservoir.- If the work necessary to /plece this stetionFintproper
f:fcendition -cennot be: accomplished this seaaon, the - current neter observa«
1‘;t1ana shonld be taken & short, distancs: downstrenm at the transltion
o qutrance 1o tunnel No. 1 Bhown"on figure 2D, However, the depnsit ‘on .
”:Q*the rigkt side of the: transition should be removed and the. unlined .
(lsaction ‘made- flush wibh the: concrete. : : SR N o
' tTheiBireau:is- obligated toimaintain a full cunal for: 1rr1gdt1on"“”’
k;purposcs,beginning April 1, by use of the check and- wasteway upstreaa
g f:7rum atphon lo.;ZéJ The blckunter fron this check 111 probably ".
’ﬂ‘i,cxtund 0 liphnm Ho. 20 laking the velocitiea At gaglng station 2 of
?Lnaufriqient nagﬁitude 1o accurggbly measure with a current metar B
.Aneordiﬁ ly) thia station‘will 80 purpose in the present study.
| g it ious: It is believed the concrete
"'tranaitiana o tbe uumerous siphpns and tunnels afford the. desirad g

‘7'ihvdrnuliavconaitiona for. curreutwnatar measuremsnts in that . the aaction‘

s
‘Qﬂ
2




iag &ez*m Jx«z r.amL
;..ef::s fatol ma cﬂaemnn, ‘

,;*fi’::r “‘he cmditix:-n oi‘ no 'flow o

3«'@ n’* ﬁmlﬁ be talten a .short 'dist.anc» domatrém

‘“?:ﬂr** ‘m ‘?;umel No._ 1 shown “on




ne. kin ‘posaibl to c_’mte y'
.deterune the,wducharge ’ay th"' 1nsm1mion : '

Lh ining Will on y axtend
,j!‘oet hi;gh on: the cem "banks ,° accomndata t axis
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oomputed 1#:
-Iquing staticn 1*
“ Tunnel-No. 2
_Siphon No, 14 yf*i
~ Siphon'No. 15 - -
..;S:I.phon No.: 1'7"‘,:.“
fTunnel No. k'ﬂh

“the: firnt one, aud ”; v
:dovnstreun. To obtain a; rnproaentativnxindination of

vntor tahle, The: ells 1n-g-ch'11he ahould b9:f.

from the centerline of th canal.-

’Tunnel Ho-; nt station 49 +: 50 ahould be uaod under t e
condltion diacussed 1n naction 12."3ﬁ




E:iating wells ;
%o dotem:lm: ‘the
conatanxly being

greater deptha. The ierticala choseahfo“

is %o exceed two foet.




Ainch pipe. An inapection of one_ ofﬁthese units revea ed aJ

- "-va.lve hag’ been provtded to main‘t-ain 8 conatant elevation in i_'he
=.tank and pravent waste. The auantity bemg conmmed by a unit
nontrollsd bj an automatic float valve is negliﬂibln whil-a the ,
,-&mﬂm‘t dravm. fron ‘the canal wi*h no ccmtrnl on the supplv line may_‘

i 'r"ba apprsciable. It ds reconmendad _hat tﬁe r.umbrr of bnﬂnuouslyf&
opsrating qunits ‘be: ﬁeterm.tned and the' ‘ |

Cnx"'ent metnr 3 1 ment. B '.l‘he currpnt m?‘r.ar muipmen‘t. exia in

'. fon the pmj '-ﬂt is madanuate sinca *the onlv ratmg ta‘nle A for the -

;;mwr susvancied b 9“ 'z‘bnve a 30# COlumbus aei"ht.‘ Acccrdingly.

;readinws tmcen w:.th the xmding rod or. lfx’f weight are 1n errcr.‘f

“.“P‘:.:'Gbservations previnuqu mde with ‘spnnsions other than *he ona__ :

“"‘*’fox' which o t.abln exist . could ‘be currectﬂ-d by having ‘the’ meter ‘remted_v
"Ecmever, ‘the. data ‘obtained does zmt appeurﬂ. sufi‘icien+ o juatin ‘tbe
'additimal work. Mdi‘l;ion&l ecui aent including e Morgan hanc' ebl
and weight pins vﬁ.ll simplify thc mechanics of oper t.ion e




_ ig ‘recnrder. The two permanent gaging staticns
inre eguipped With uutomatic *acorders. An error will reault through
use of these grges unless the pipe eonnacting the float We11>with

“the - canal is kept free of silt. ‘To obtain max1mnm accuracy g

‘ecorrection must ‘be mede ‘for the. lag of the float between the risimg
~and fslling stuge nnd the efrect, of 'the 1ine. shi“ts |
COrrection due to rising and bt lling stuge: |
Let X = depth of floatation of float with
counberpoise in dir. |
and . f denote rlsing and fvlline stage.
foree requirsd to Oparate inbtrumant.‘_;ﬁ'
= unit weight cf ‘water. : '

arsa of;float.

= 2F orif the flost is clreulsr

A

In practice the indicutor may be - Bet to g1ve true heignt ;or & |
rising stage, then _8F ‘can be subtructed from the raudlng at - thﬂ
—-—--—2
Ll wr D : TR
game gage height on the falling atage to Jbtnln true hEIth For T

exampla, let
FY 1 ounce.

D=8 inéhes.
v =1 | | :
then Xr-- _Xf T6 | =0, 005'? £t
(8 ) (‘(J .la-’ilé)ﬁ‘-
12 '

which is the correction factor.

Qorrecticn due 1o line shift:




~-f"oilevation of liquid or: ¢ngo o

height. ‘before lh:lft ot‘ 1ine’ rm
- one-elde to:the other,
olovation of .1iquid: or, gago holght after lhift

_ frnm one’ eide to’ ths othor. o

_ 2.y _

dx - ;—E (hl h )o
For ezamplo,
‘ABB1a® the line has a’ ‘weight or 0. 0065 lbl/ﬂ..
D= 8"

h’l”'-'. ‘ho" :3@10'.."

-2 (o 0065) 20) - - 0,006% shich

is the amount of- corractinn due to- line shirt.
‘Submergance of couu‘t-arpoiu.
'If the comtarpoiae b'aconu subnerged 3 oorrection ault be
-made  from ‘the . aquation,
I' -Xe _.C _where,"
Gpw A o
X = l'Jept.h of floa,t.ut.ion of float tit.h cmmterpolu
| subnargod. - :
8p = Ep\ocific grnv:lty of countorpoin.
C = Wt of- cou.nterpoiag '
. Many muracturars ‘of stage. raeordorsjuu furniah, upon
request, tablea shouing t.km corractiona far thair .’matrmnt.l.
Computation of dischs e




v'eqﬁ‘lt.ion*Q'.: b]_ (4, +.d1) (Wie
: 2 B

2 ,

‘Where bl, bz, b3--— bn nre tha spaces between a o
dy, dl, d2y —— dy ere:the doptha 4t the: respactivo; nuring pointl‘H
and v 00 V15 Vg ——m Y tha valocitius at tha corrsnponding nonsuxing
points. : P vl _ ~
‘The discharge may. also bo computed graphically by plotting,

& common reference, the mean vhlocity and aoundings.‘JTheuprofilthyi, g
of the section will ‘be obtained from the Plotted: aoundings,vvhilo tho S

velocity curve will give the 'transvarac'rvolocity.‘ Tho:nean vhlncityffh

and mean depth is: .8caled: from:the plot for each partial nrea. ;Thd N
product of the corresponding velocity, depth nad width vill givu t&m
discharge through the area: baing conaidered. The aunnatzou ot the
-partial. discharges will -glve the total quantity. Forkconvanienca, e
-the: soundings ere. plotted: below theviuter aurtace a reforonce 11no
vuhile ‘the. vulocitiea are plottad ‘above: the sane lino. Thiqhmethnd
advnntage of - obviating erroneocus. raadinga. i " L

Anslysis of- dilchnr e naaauransnta. LBy making an anaxylis
"of discharge mnanuremonts, irragulnrinias mqy appear«which uould
otharwise be amnoticed. Ons: :such atudy requirea plotting ths aroa
sgainst the. gage- haight to obtain an. araa curve. Thia ourvu mly bo
expressed in the forn of an. oquntion 'hlch for the trapezoidnl :
section of the Conchas Canal will be: '

A= an +1/2 D% (unm tanxa)
whers D= depth
B - bottom width

0 and ff are the angles- tha side. alopel nak- Iith the -
_ vertical. ‘ gh
A - args of cross-ssction o




By‘diffefentiating,

d A= BT+1(tan*o-+ tan‘f) D whichiis’
d-Db » .
“the. slope of the aree . curVQ.

AAguin differentiating and’ uultiplying by:A.

{A) = 2 (tan'@ + tan.f) 4.

L ‘_f‘ : e I B
H thervelue of 4 (A)iiBpraitive,;the*qurve‘
éla*euhcava5tbward*the*R”lxlau Thau value il ulwuyaibe,‘_‘ 
+positive for the atudies under: consideration. _

To find the‘slope of the area curve. at any point;‘

Let, w = width at any stege.
A Corrasponding area of the stream, :
D correaponding wetar. dapth above lowest point of bed;

For any small. change, & D, in:the depth D, the srea will be

_.changed by an amount, A = :-w,dD since tha width and depth -ay be: takan ';:f'”‘

B8 uonstunt for: the differantial riae.f The slope of the urea curve

nny'then be. expressed by w=d A. Therefore, for any stage, th-
: 4D ‘ :
,rwidth of the atrean 13 equivulent to the slope of the nrenkuurv.:at that

stage. A knowladge of ‘the slope. uf the curve will{be helpful in
1ts cohatructian. However, 8- nothod fnr laying drr tha tangent 0. 3
tha; the: ‘acale may’ be taken into. account is neeeasnry A satiifaétory ;i
procadurg 1s:to let 4.D = 1 foot," hanoe, d A._ Bext 1ay oft 1 foot
from the plotted point along the. gage axis to the acale of gage ‘
‘ heights and et the ead of this" distance, lay off w-along: the;aroa‘t,ﬁ
‘,';Jaxis to- the scale of areas. The; 1ine joining- ‘the end. ‘of * thé w: line
| and;the plotted. point will have- the deaired nlope.  For-a. canal with
.flat bottom, the curve at the origin will make an. angle. with the

age -axis the slope -of which will be equal to the hottom widtb._




‘By deteérmining the slope in this ‘manner’ for the variaus plotted
points the curve may be drawn more accurately and corraction ‘made’ to

any errcneous readings.

GONCLUSIUNS

- Limitation of presentﬂu The present study can only o
include the portion of the cnnal upstream rrom approximately aiphon
No. 21, or the limit- establiahed hy the- backwater.' Since: the project
is not complete, the canal will flow only st 50: parcent capacity ar
less. Acocordingly, the seepage loas will be materially leas than
anticipated at maximum diacharge. With, prnper pracautiona, autficiont .
data can be obtained to accomplisk the purpoae of the atudv and

~uatablish & eriteria of the anticipated conditions upon completion or

the projact. o _ ‘
. Project parsonnel were fully aware that tho present oondition"

of the canal at the gaging atation and entrance. to ‘the’ iranaition -
sections is unaatisfactory. Tte- situation exists because of the '”
linlted maintenance crows -and tine avalleble, 'In" the opinion of the
writer, all possible corrective maasurea are boing taken but time

‘does not permit. oomoletion of the scheduled program prior to: the o
'-approaching irrigation Beason. o o , : R

Continuation~of'grogran. It is of particular importanoe ‘tha t“__fg‘J

pufficient data be obtained to determine the: effectiveness of .any -
‘lining by determination of loes. both. before end after any neaaurea “

lnre taken. tn- ‘decrease the secpage. To- estnblish the economy of any

“dining requires the- maintenance of: accurate cost ds sta, Theae data

‘should include cost of flow determinations as weil as. installution
~of>lining by Government foroces or contract.




vfﬁe»progran should be: continued nntil the project 1smoouplet d~ 
pernitting the cunal to*oparate under full haad

‘canal’ 11ninh progrnn‘preaéntly being considarsd qr
m.pprovad it 1s: '

losnea on“the” Tu
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