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PREFACE 

The Tucumcari Project was visited February 4-6, 1946, inclusive, 

to assist in establishing rating stations and procedures to be 

followed in measuring the amount of water lost from the Conchas Canal 

by seepage. The problem is unique due to the existe nce of numerous 

siphons and tunnels which afford controls for current meter gaging 

stations. 

Much credit is due the project personnel, particularly, Messrs. 

M. M. Starr, L. F. Carden, E. E. Cerny, and R. K. DeWees for the 

courtesy and cooperation extended the writer • 
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Subject: Report of field trip to establish method and procedure to be 
followed in measuring seepage losses from Conchas Canal -
Tucumcari Project, New Mexico. 

I. INTRODUCTION 

1. DescriDtion of project. The Tucumcari Project, in the east 

central portion of New Mexico, is approximately that portion of the 

South Canadian River basin below the 4100-foot contour, south of the 

river ·s.nd contiguous to the town of Tucumc&ri in Quay county. The 

irrigation project includes fifty percent of the gross area or 45,000 

acres. The water origindtes in the reservoir behind Conchas Dam 

locv.ted ,,,t the confluence of Conchas Creek and South Canadian River, 

which controls 7,310 square miles of drainage area. The dam, including 

the headworks of the Conchas Canal, was built in 1936-1939 by the Corps 

of Engineers, U. S. Army. One-half of the total reservoir capacity of 

600,000 acre-feet is reserved for irrigation, 100, 000 acra-feet for 

dead stor�ge, and the remaining 200, 000 acre-feet for flood control. 

An annual draft of 135, 000 acre-feet is expected for irrigation 

purposes. The irrigable land is connected to the reservoir by the 

unlined* Conchas Canal having a capacity of 700 second-feet and, after 

completion, a length of 76 miles. Laterals and sublaterals varying in 

capacity from 6 to 100 second-feet will represent a.n additional 180 miles. 

*Appfoxfmqtely ..::000 feet of the canal was lined with compacted earth 

at the time of construction. 



The roughness of the county traversed by the first 39 miles of 

the canal necessitated the construction of 22 siphons, approximately 

40 culverts, ::md 4 tunnels (figure 1). In general Ue soil is com

posed of stratified sandy shale a.nd soft S1:lndstone. Occasionally a 

fairly durable gray sandstone is encountered as well as small amounts 

of volcanic tuff. The seams in the stratified material 2re horizontal 

and frequently show "slickensides.n 

'Ibe irrigable lands of the project overlies sandstones a.nd shales. 

The soil is dark reddish brown and quite free from alkali although 

some small areas have alkalinity. The soil is generally classified 

as being "light brown, granular, noncalcareous topsoil on brown, highly 

calcareous, heavy subsoil. Depth to!•• variable from 4 to 14 inches."1 

It may be readily seen that the composition of the soil tr�versed 

by the canal is susceptible to relatively high seepage, particularly 

when any seams in the stratified material are opened incidental to 

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

voids result due to the irregular gradation of the p1::.rticles. A 

cavity under a rock, exemplifying the condition in a filled area, 

may 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 of lining 

will be determined from a measurement of the quantity of water lost 

by seepage during the first season of operation, The existing plan 

provides for the installation of the required lining prior to the 

second irrigation sea.son • 
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A - Cavity under rock in canal 
bank nea r  s iphon No, 17 

C - Silt at gaging station No. 1 

B - Looking downstream at 
gaging station No. 1 

FIGURE 2 

D - Looking downstream at tunnel No, 1 

CONCHAS CANAL - TUCUMCARI PROJECT 



PURPOSE OF INVESTIGATION 

Scope of study. The study was undertaken to determine the 

a.mount of loss by seepage, locate the critical area contributing to 

the loss, and define the effectiveness of any lining installed. 

Rating curves for future operation of the canal will also be prepared. 

An indication of the probability of the irrigable lands becoming 

water-logged may be seen from the proposed observations. 

Summary: and recolJllllendations. It is recommended thl!l.t the 

required work be performed on the canal to insure proper hydraulic 

characteristics of the gaging stations. If time prevents accomplish

ment of the necessary grading and installation of riprap in the 

vicinity of gaging station 1, the current meter measurements should 

be t�ken a short distance downstream in the transition of tunnel No. l. 

The unlined canal sec 

gaging station should be brought to proper grade to prevent disturbance 

of the flow. Since these areas cannot be stabilized with riprap prior 

to the irrigation sea.son, the canal should be graded for a short distance 

as proposed by the a.9ting construction engineer. 

MEASURING SEEPAGE LOSS 

Methods of measuring seepcige losses. There are seven 

generally known methods of measuring the amount of water lost from a 

canal by seepage, namely, (1) current meter measurements of inflow and 

outflow in reaches of the canal between established rating statiohs, 

(2) use of weirs to measure inflow and outflow in reaches of a canal, 

(3) determining the drop in water surface during a given time in short 

reaches of the canal isolated by tappoons, (4) measurements with a 

laboratory seepage meter at various points in the bed of the canal 

while water is flowing, (5) constant or variable head permeameter 

measurements at various points in the canal under the condition of 

no flow, (6) laboratory tests on undisturbed cohesive soils or 
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remolded granular soils from representative points in the periphery 

of the cana.l, and (7) by computing the flow from the slope of the 

ground water surface observed in test wells adjacent to the canal 

while flowing. 

Current meter measurements. To determine the loss in any 

particular reach of the canal by utilizing a current meter, it is 

necessary to establish gaging stations at each end and measure the 

discharge. Neglecting evaporation, the difference between the two 

qua.nti ties of flow will represent the loss by seepa.ge. If the observa-

tions a.re taken in a short period of time the effect of evaporation 

may be omitted. 

The main disadvantage of this method is that the accuracy is 

sufficient only for a considerable length of the canal producing an 

apprec �e-d±ffereat-i-al-dis..cha • measured losses represent 

an average throughout the entire reach being considered,while, actually 

the permeability of the soil may vary throughout the length under 

observation. 

Weir measurements. The procedure for using weirs to determine 

the differential flow at the extremities of a reach in a canal is 

similar to the current meter method. The weir provides a high degree 

of accuracy but the installation requires considerable time and 

expense. The b·ac.k:water produced may be sufficient, in some cases, 

to overflow the banks thereby limiting the capacity of the canal. 

Drop of water surface in a segregated canal section. The loss 

may be quite accurately determined by segregating a section of the 

canal with tappoons and obser,ring the drop in water level during a 

given period of time. The quantity lost can then be computed, but 

this·method 1a only applicable during the sea.son when irrigation 

water is not required. Time does not permit utilization of this 

procedure on the problem at hand. 

Measurements with a laboratory seepage meter. The laboratory 

seepage meter consists of a cylinder covered with a cone having a vRlve 
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at its apex, an upper cylinder, a flexible bag, and a spring bal1-1nce. 

To operate, the lower cylincler is forced into the cannl bed in which 

water is flowing, the valve a.t the top of the cone being open allows 

entrapped air to escape and be replaced by water. The bag is then 

filled a.nd connected by tubing to the lower cylinder and vented to the 

atmosphere to facilitate refilling the bag. The flexible bag is then 

placed in the upper cylinder and any water seeping from the lower 

cylinder through the canal bed is replaced by flow from the bag which 

must be submergAd rturing the test. The loss of weight of the bag as 

determined by the spring bfilance is equal to the weight of water lost 

through the area of the canal bed confined by the lower cylinder in a 

given time. By using Darcy's law, as explained later, the se9page loss 

or soil permeability may be computed. 

The main disadvanta�e to this method is th�t the obt&ined permea-

bility is applicable to only one point in the section, however, the--------

average of a large number of tests will minimize this error. 

ConstQnt or variable head permeameter, or laborutory measurements. 

The determination of the permeability of a soil by the constant hea.d 

permeameter method involves adding a known quantity of water to 

maintain a constr-nt bead for a given time in a cylinder imbedded in 

the bottom of the canal. Again Darcy's law is used to COlllput• the 

seepage losses, but is applicable to only the small area under the 

cylinder. Since this apparatus is not ordinarily used with water 

flowing in the canal, a correction should be applied to compensate 

for the radial flow which cannot exist if the canal is carrying water. 

However, no method is known to determine the amount of correction. An 

additional disadvantage exists in that the flow length through the 

soil ordinarily cannot be determined. 

The varinble head permebmeter method possesses the same dis

advantages but is more applicable to soils of very low permeability. 

It is similar to the previous sy�tem except the measured drop of 

water level in the cylinder is observed for a given time. 

' 



By Darcy's law the volume of flow through the soil in time, dt, 

is K(�) Adt which is equal to the decrease in volume of water in the 

tube above the cylinder, therefore: 2 - adh: K (¥,)Adt 

where, hf= loss of hydraulic head in the flow length, 1. 

dh = loss of hydraulic head in time, dt 

K = coefficient of permeability 

1 = flow length of water through soil 

A= area of cross-section of cylinder driven into soil 

a= area of cross-section of small tube above cylinder 

By integrating between the limits of h1 and h2, and t1 and t2 and 
converting natural logarithm to base 10: 

log. �. 
10 h2 

The laboratory teats for determining permeability on undisturbed 
cohesive soils are conducted in a manner similar to the constant or 

variable head permeameter methods. This procedure has an additional 

disadvantage to those listed for the constant or variable head methods 

in that the t.mdisturbed soil sample is difficult to obtain. 

10. Determination of loss by observing slope of ground water. The 

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 theorem, 

V 2 
� 

V 2 
� _L + + Z1 = 

_g_ 
+ + Z2 + hf 2g w 2g • 

where, 
V 2 
_:i_ = velocity head at point l. 
2 g 

V 2 
velocity head at point 2. _L_ 

2 g 

_Ez__ - pressure head at point 1. 
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P2 = pressure head at point 2. " 
z1 = position head at point 1. 

z2 = position head at point 2. 

hf = hydraulic head lost due to friction in flow between 

points 1 and 2. 

Since the velocity of water flowing in the soil is very eaa.11, the 

velocity head may be neglected. Hence,by solving Bernoulli's equation 

for the head lost in friction, 

hr 
ll'rom Darcy• s law V • JC T . . .. . . ·. ,• . .  (1) 

. where, 

' ·-�- _ ... _ 
);' I .�;, 

V = velocity of flOlf -tnr:�turated soil. 

K = coeff'icient or··pe.rmeability of the soil. 

hr = hydraulic hee.d lost _between a.ny two points. 

1 = lengtp of soiJ..\throu�h. .which flow occurs. 

. :·.' .. Substituting the value of · 1ir·· lnt.<> it;ation (1). 
,.. 

�(::P1 z1�- .'·. _':(�i z�� 
V =I 

and since Q =AV, 

Q =AK 

-+ . - -+ • • 
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Each item in this equation may be easily measured except the value 

of K. Various methods exist for determining K but all are quite 

involved and of questionable exactness. The a.mount of time necessary 

to use this method makes its application undesirable for the p.roblem 

at hand. 

After considering the adva.ntages and disadvantages of the various 

methods for ascertaining the seepage loss, the current meter procedure 

appears to be the best for the existing problem. This decision is 

also influenced by the large number of structures on the Conchas 

Canal which will provide gaging stations thus enabling immedi1;.te 

inception of the progrs.m. 

THE INVESTIGATION 

Field ip.spection. To nssist in establishing current meter 

measuring procedures and gaging stations, the author visited the 

Tucumcari Project February 4-f:;,, inclusive. The canal had been opers.ted 

at va.rious discharges since June and at the time of inspection the 

quantity varied from approxima.tely 35 second-feet with one valve of the 

headworks 0. l foot open to 6o second-feet with a valve opening of 0. 2 

toet 0 As far as could be determined visibly, no silt was entering 

the canal from the reservoir, however, the small flows eroded silt 

from the canal bottom ae evidenced by the red color of the water. 

The small amount of silt in the canal apparently had been deposited 

under conditions of higher discharge when the velocity near the canal 

bottom was smaller. 

Existing gaging stations. Two permanent gaging stations 

have been provided in the canal, one being near the headworks at 

station O + 60, (figure 2B) and the other at station 2075 + 04. 

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

station 1 the concrete floor is covered with silt and moss to a depth 

of approximately 12 inches making it iapoaaible to accurately .raeawr• 

10 
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the depth. The accuracy of the automatic recorder is questionable 

since the inlet to the flo2 t well is submerged in silt. Figure 2C 

shows the deposit on the concrete lining of the gaging station. The 

alignment of the canal has changed due to erosion by storm water 

flowing down the banks. The result is an unequal velocity distribu

tion a.cross the section . Another fp_ctor contributing to inaccuracies 

of the measurements is the pool of water which stands in the gaging 

section under the condition of no flow. 

To accurately mes.sure the water at station 1 will nece::isitate 

regrading the entire canal from the stilling pool of the headworks 

to the tr!Ulsition of tunnel No. 1. T• insure stability, the riprap 

doVl-nstream from the stilling pool should be extended to the gaging 

station. For a dist�nce of 25 feet upstream from the stqtion the 

riprap should be hand ple.ced. The import8.nce of this stE-tion justifies 

the expense required to perform the necessary work as it is the ba sis 

for measurement of water into the entire project. A copy of the rating 

dAta is furnished the Corps of Engineers for their use in controlling 

the reservoir. If the work necessary to place this  sta.tion in proper 

condition cannot be accomplished th is season, the current meter observa

tions should be taken a short distanc� downstre:-ctm at the tr1msi tion 

entrance to tunnel No. l shown on figure 2D. However , the deposit on 

the right side of the transition should be removed e.nd the unlined 

section made flush with the concrete. 

The Bureau is obligated to maintain a full cH.nal for irrig�tion 

purposes, beginning April 1, by use of the check and wastew,iy upstream 

from siphon No. 26. The backwater from this check will probably 

extend to siphon No. 20 making the velocities at gaging station 2 of 

1nauffici1mt IW:ignitude to accurately measure with a current meter. 

Accordingly, this station will serve no purpose in the present study. 

Gaging station§ at transl tions. It is believec: the concrete 

transitions to the numerous siphons and tunnels afford the desired 

hydraulic conditioris for current meter measurements in that the section 
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is  converging with fixed boundaries and a control exists immediately 

downstream to insure constantly increasing g�ge heights for increas

ing discharges. Figure 4 shows the design of a typicAl transition. 

Condition of ca.nv l upstream from transitions. At the upstream 

end of nearly every concrete transition, erosion has resulted in a 

: _ hole being formed in the bottom and sides of the canal. The largest 

of thes9 holes is approximately six inches deep and extending several 

feet upstream from the edge of the concrete. It is  understood that 

the original specifice.tions provided riprap for these areas but this 

portion of the construction was omitted . As a result of the holes, a 

disturbance in the flow occurs which in  some instances continues 

through the entire length of the transition. Current meter measurements 

in this disturbed flow would unquestionably be in error. It is 

strongly recommended that the canal section be protected with riprap 

for � distance of 50 feet upstream from any transition containing a 

gaging st.·1tion . 'l'he 25 feet of riprap nearest the concrete should 

be hand placed to insure a smooth approach to the station . 

Observed leakage from the Conche. s Canal. The only visible 

leakage from the Conchas Canal during the field visit , occurred 

between siphon No. 15 rind tunnel No. 4 ,  the greater part being near 

siphon No. 17 (Siphon No. 16 was not constructed). The flow from 

the area of gre�ter leakage becomes concentrated in a natural channel 

a short distance from the canal making it possible to accur�tely 

determine the discharge by the install11tion of a weir. The proj ect 

personnel have designed a weir box and it is understood in sti.illation 

?Till commence as soon as personnel are released from more urgent work . 

A cl.s.y  linbg 15 inches thick i s  bei ng placed through the 

critic�l area by proj ect personnel. This lining will only extend four 

feet high on the ciinal bn.nks to accommodate the maximum flow during 

the approaching season. Insufficient data exists, however, to 

determi ne the efficiency of the lining. 
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Figure 2A indicates the amount of rock in the canal bank, near 

siphon No. 17 and exemplifies the cavities resulting from rocks in 

the fill material . 

Location of gaging ata.tions to measure seepage loes. 'Ihe 

minimum number of gaging st�tions and their location considered 

necessary to determine the discharge from which seepage loss may be 

computed is i  

Gaging station l* Station 0 + 60 

Tunnel No. 2 Station 87.3 + 80 

Siphon No . 14 Station 1238 + 80 

Siphon No. 15 Station 1357 + 95 

Siphon No. 17 Station 1518 + 20 

Tunnel No. 4 Station 1603 + 75 

(One at farthest point downstream at which 

velocity may be accurately measured , probably 

siphon No. 21 or 22. ) 

After a determination is ma.de of the amount of water lost, it may 

be desirable to establish additional stations to localize the prin

cipal areas contributing to the leakage. Only by experimentation 

will it be possible to define the most critical sections . 

Observation wells are desirable in the vicinity of siphon No. 17 

to establish the ground water level and study its effect on seepage. 

It is suggested the wells be drilled on the low side e nd on lines per

pendicular to tlia center line of the canal. Three lines of wells 

are proposed with one set 150 feet upstream from the end of the clay 

lining presently being placed, a second row 300 feet downstream fros 

the first one, and a third row at some convenient point farther 

downstream. To obtain a representative indication of the ground 

water table, the wells in each line should be 25, 75, and 200 feet 

from the centerline of the canal. 

*Tunnel No. 1 at station 49 + 50 should be used under the 

condition discussed in section 12. 
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Existing wells in the irrig&ted lands are now beD1g observed 

to determine the water surface elevation. Although the wells are 

constantly being pumped, the data will be especially helpful in 

determining the trend of the ground water table over a. period of 

considerable time . 

17. Factors 99ntributing to successful measurements . Several 

factors in addition to those previously mentioned should receive 

proper consideration to insure accuracy in current meter measurementsJ. 

ovaremphasia cannot be placed upon the factors contributing to the 

proper characteristics of a gaging st�tion. A station should be 

approached by a considerable length of straight canal to insure 

uniform velocity distribution. 'Ihe measuring section should be 

free of silt and moss to enable accurate determination of the depth. 

C3.re must be exercised to keep the bucketwheel of the meter in the same 

plane of the tranai tion to avoid error due to the cha.nge in velocity 

of the water entering the transition. The chosen station should 

be marked to permit future measurements at exactly the same section. 

A rigid staff gage near the station with readings taken before and 

after each set of measurements and more frequently if the water 

surface varies appreciably, will insure correct depth of flow. 

Due to limitations of the current meter, velocities less than 0. 5 

foot per second cannot be accurately measured and if such velocities 

occur - througn -more than 15 percent of the cross section the data 

should be discarded. The one-point (0.6 depth) method should be 

used for depths less than two feet while the two-point (0 . 2  and 

0.8 depth) method is more aeourate for measuring velocities in 

greater depths. The verticals chosen for velocity measurements 

are dictated by good practice to be spaced one foot from the side 

and at every break in slope of the canal bottom except no spacing 

is to exceed two feet. 
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After a change in the v·,. 1 ve o1ening of the head works , bufficient 

time must ela.pse prior to measurem-=mts to permit steaciy flow . Upon 

completion of observations pertaining to tiny pa.rticulnr re�, ch of the 

canal, an insr:e ction of the air bleeders for the siphons will reve/3.l 

if any d i s chargA of water has occurred to de stroy tt-.e & ccuracy of the 

data . Corre cti on for nny dis cha.rgr,, frr)m a wa .steway may be conaidered 

by me'lsuring the flnw i.n the wa tite channel or observr-;.ti on s  in th e 

CHll�l each side of the stru cture . 

Another f<; ctor which should be investi guted re,mlt s  fro.n the 

cattle water t::i.nks bei.:1g  supplied fro1:1. the ms.i n  canal by a 1-1/2 - 2 

inch pipe . im inspection of one of these uni ts  revealed a co nstant 

quantity of water  was being dra.wn from the canal by permitting the 

tank to overflow , while -:.t B-nother install:-i.t i on a float-oper::: ted 

valve has been provi.rl.ed to maintain R constant elevation in the 

t8.I'lk and prevent wa ste . The quantity beir1g conswned by a. unit 

controlled by an automatic  flo.qt v,·,lve is negligihl"=l whil,;i t he 

amount drawn from the ca.nt1l with no co:'.ltrol on the supply line may 

be appreciable . It is recommended that th e numbGr of continuously 

. operating units be determtned and the total di scharge ascert.s.ined 

by measuring the flow through a single unit with an ordinary w:::.ter 

meter . 

Current meter equipment . The current meter ec:uipment exist:1,ng 

on the proj ect is  i�adequate since the only rat ing fahle i s  for the 

met er suspended 4 .9 11 above :o. 30# Columbus r, 2i. �ht . Accc-rc1.ingly,  

readings t ,:;ken with the wading rod or 15# weight ,ci.re in erro r . 4  

Obse�ation s previously m,<ide  ,.,i th susp"nsions other than thP one 

for which ;:;. table exi st could be correct,8d by having the meter rerated . 

However , the d1=-.ta o:-itainad does  n0t &.iJ1-'eE r sufficient to j u stify the 

add itional work . Adciitional ec:uipment includ in6 a Morgan hanc, n: ·:?l 

a.nd weight pins will simpl ify the mechani c s  of o:rer:, ti0n . 



Autom&tic recorder . The two permanent gaging stations 

a.re equipped with automatic  recorders . An error will re sult through 

use of these  gRges unless the pipe connecting the float well with 

the cL.n�l i s  kept free of silt . To obtain maximum accuracy a 

correction must be made for the lag of the float betwe8n the risirtg 

and falling shge W1d the effect of the line shift5. 

Correction due to rising --..nd f;:;lling st;:; ge :  

Let X == depth of floatation of flo::. t  with 

counterpoise in air. 

r and f denote ri sing and felling sta ge. 

F' ::: force required to operate instrument. 

w = unit weight of water. 

A =  area of float. 

X 
r -- X = 2F f -

v:A 
or if the , float is circul� r  

I n  practice the indi ci:itor may be set to give true height for a 

rising stage, then � 
W ft  D 

can be subtrti.cted from the reading at the 

same gage height on the falling stage to :Jbtl':l in trne height. For 

example , let 

then 

F == l ounce. 

D == 8 inches. 

X X - l 
r - f - 16 

ca ) 
2(J .1.u6)62 . 5  

12 

which is the correction factor. 

Oorrectiun due to line shift: 

18 

==0 . 0057 ft 



Let u = weight of line per foot. 

h0 = elevation of liquid or gage 

height before shift of line from 

one aide to the other . 
h1 : elevation of liquid or gage height after shift 

from one side to the other. 
d X : - ; � (� - h0) • 

For example, 

Then 

Assume the line has a weight of 0 .0065 lbs/ft. 

D :  8 "  

� - h
0 
= 10 '  

dx = - 2 (0.0065) (10) 
62. 5  (�� (J .1416) 

(l 4 

0.006 1 which 

is  the amount of correction ·due to line shift . 

Submergence of counterpoise ! 

If the cotmterpoise becomes submerged, a correction must be 

made from the equation, 

X' - X : _ _.C ____ where , 

X '  = Depth of floatation of float with counterpoise 

submerged. 
Sc : Specific gravity of counterpoise . 

C = Wt . of counterpoise . 

Many manufacturers of stage recorders will furnish, upon 

request, tables showing the corrections for their instruments . 

Computation of discharge from current meter data . The 

discharge obtained by a current meter is ordinarily computed from the 



equation Q :  b1 (d0 + dJ ) 
2 

( Vo + V1) +b2(d1+d2) 
2 2 

Where bi , b2, b3- bn are the spaces between the verticals,  

d0 , d1, d2, --- dn are the depths at  the respective meeeuring points , 

and V0 , v1, v
2 

- Vn the velocities at the corresponding measuring 

points . 
The discharge may also be computed graphically by plotting , from 

a common reference , the mean velocity and soundings .  The profile 

of the section will be obtained from the plotted soundings , while the 

velocity curve will give the ntransveree" velocity.  The mean velocity 

and mean depth is  scaled from the plot for each partial area . The 
product of the corresponding velocity, depth and width will give the 
discharge through the area being considered . The summation of the 

partial discharges will give the total quantity. For convenience , 

the sounding-s are plotted below the water surface as a reference line 
while the velocities are plotted above the same line . Thi s  method 

bas the advantage of obviating erroneous readings • 

.Analysis of discharge measurements . By ma.king an analysis 
of discharge measurements , irregularities may appear which would 

otherwise be unnoticed. One such study requires plotting the area 

against the gage height to obtain an area curve . This curve may be 

expressed in the form of an equation which for the trapezoidal 

section of the Conchas Canal will be , 

where 

. A : BD + 1/2 D2 ( tanQ+ tan¢) 

D :  depth 

B = bottom width 

Q and ¢ are the angles the side slopes make with the 

vertical. . 

A =  area of cross-section 



By differentiating, 

d A = B + ( tan Q + tan ¢) D which is · 
d D 

the slope of the area curve. 

Again differentiating and multiplying by A. 

(A) = 2 (tan Q + t�n ¢) A. 

If the value of d2 A 
d D2 

(A) is positive, the curve 

18 concave toward the A axis o This -value will e.h1ays be - ;! 

positive for the studies under consider�tion. 

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

Let , w = width �t any stage. 

A =  Corresponding area of the stream , 

D = corresponding wat8r depth above lowest point of bed. 

For any small change, d D, in the depth , D, the a.rea will be 

changed by an amount, dA = w. dD  since the width and depth may be taken 

as constant for the differential rise. 'Ihe slope of the areF. curve 

may then be expressed by w = Ll• Therefore , for any stage, the 
d D 

width of the stream is equivalent to the slope of the area eurve at that 

stage. A knowledge of the slope of the curve will be helpful in 

its construction. However, a method for laying off the tangent so 

that the scale may be taken into account is necessary. A satisfactory 

procedure is to let d D = 1 foot, hence, w = d A. Next lay off 1 foot 

from the plotted point along the gage axis to the scale of gage 

heights and at the end of this distance, lay off w along the & rea. 

axis to the scale of areas. The line j oining the end of the w line 

and the plotted point will have the desired 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. 

· 21 



By determining the slope in this manner for the various plotted 

points t he curve may be drawn more accurat ely and correction made to 

any erroneous readings. 

CONCLUSIONS 

Limitation of present study . The present study can only 

include the portion of the canal upstream from approximately siphon 

No . 21, or t he limit established by the backwater. Since the project 

is not complete, the canal will flow only �t 50 percent C'.:ipacity or 

leas. Accordingly, the seepage loss will be materially less than 

s.nticipat ed at maximum discharge. With proper precautions , sufficient 

data can be obtained to accomplish the purpose of the study and 

establish a criteria of the &nticipated conditions upon completion of 

the proj ect. 

Proj ect personnel were fully aware that the present condition 

of the canal at the gaging station and entrance to the transition 

sections is unsatisfactory. T l� situation exists because of the 

limited maintenance crews and time available. In the 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. 

Continuation of program. It is of particular import�nce that 

sufficient data be obtained to determine the effectiveness of any 

lining by determination of loss both before and after any measures 

are taken to  decrease the seepage. To establish the economy of any 

lining requires the maintenance of accurate .cost data. These data 

should include cost of flow determinations as well as installation 

of lining by Government forces or contract. 



'l'he - program should be cont inued until the proj ect is  completed 

permitting the c ,mal to operate under full head. If the enlarged 

cana.1 lining program presently being considered by the Bure'iu is 

approved, it. is recommended that the determination of the seepage 

losses on the Tucumcari Proje ct be given a broader aspect . 
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