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FIELD EY LUATION OF QEEPAGE 

dEASUREMENT THO 

INTRODUCTION 

P r ject :esign, canal lining research and de-velopn1ent, 

and irrigation operation nd maintenance r uir the ability to e"'-

sure s-eepage rates, accurately an econom ically . New .. 'lethods have 

not been devel oped, so existing field m etho t e used. Each 

of the e meL~ods warrants an e aluation of its capabiHt' e and 

lin-.iita:tiona . This paper ralat s experienc: s witn pondlng teste , 

seepage tn1!ters, d inflow- outflow 1nethods of evaluating aeep ze 
fro... canals. 

The results reported her e i"epre ent the com bine effort 

of the University of I<l _ o gineering :gp-erl.m ent Station, the 

Ag:rlcultuzal esearch ervice, and the U . c. il\.'lreat of 
;) I 

ecla.. tion.-

----- - - - - --------~- - - - ~--- -~---- - - ------- ----·---- -·------ - -

!l/ The cont ribution .fro the University of Ida.lto 

Engineering Expe1•h n ent tation wa supported in part frorn a U . 

B 1reau o£ eclam tion cooperative agreen ent, part fro the 

Univers ity ' 11 ho· t.-Te ·l Applie d esearch" program , din. part 

:from .. ds provided by the United tates Depar 1et t of Interi r , 

Office f ater · sourcee Research ns c:ntthorized under t1 ater 

__ esources esearch Act of 1964 . 

-- -----------~---------- - ---- -------------------- -- ~--·--- ·-
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The study was perfo ed in 1965 and 1966 on a 4 . 5-

m i.le reach of the A and B Irri ation iatdct tiain C anal near Paul, 

Idaho. Thi$ is P. art of the _diniclol a Projec o! the U. . llu;reau 

o£ Reclamation. This canal is 2.5 to 30 f t :vide · 'th a gra. ltent of 

ut 0 . 5 foot per r ile and !lows at depth of 5 to 5 -1/2 feet 'uring 

the irrigation sea son. Soil tht-oughov.t the length of the test-r~ach 

are ver y unifonn and con ist almost enti rely of Portne\.U e.Ut loam 

soil. A co.. acted, sli t ly cem ented ilt ayer from 12 to 24 inch e 

thick interse<:ts the c ual cross -section thl'ou.ghout m ost of the tee~t -

reach. The flow system bene th the entire test-r .chis under tension 

gradientb .due to nn itnpeding layer n ar the aoil ur£ace of the canal 
4;' 

c l'o•s -section. '!J Re cording water m eae rement devices were installed 

--------------------------------------------··---------------
V Worstell, R . V . an C . E • .Drocl ay. Es tim ating 

eeasonal ch es in irrig t ion canal eepage. resented at 196 7 

Annual Meet1ng o! the Pacific Northwest egion o! the .m eric n 

ociety of gri¢\lltural Enginee r&, pokane, Washington, In pres • 

----··--·------------------- ---·----------4- ~-----~----------

y the Dureau of eel ation at the inlet and outlet o.nd at all turnouts. 

on the r ach. A water budget for the irriga.ti.on s as n ha ... been 

m aintaine(l on this reach for three years. and the lo s rates for tw .. 

vee pez~ods h :ve been co uted. 



PONDING TESTS 

Ponding tests were performe d on 1. 5 m iles of the test

reacht on., m Ue in the fall ol 1969 and an additional one -half m ile 

in the fall of 1966 . The purpose of these testa waa to evaluate actual 

canal seepage loss rat es for uae in determining water distribution 

efficiency on thia part of the Mini oka Project, and to serve a 

standards for con1parison with other eep e me sure ent 

techniques . 

P lastic -covered ear t dike or pl tic -covere 7ood 

bufr.heada were uaed to isolate one-half-mile ion an s in each 

series of testa . :Vater sta e recorders and hook gauges were 

installed in corrugat ed metal11tilling wells to easu'l·e water surface 

elevations. Recorders were located at each end of each pond to 

coYPpen~tate fo r wind effects on the water su.rface elev tion • In 

each of tl1e ponding runs, the ponds were filled at least 12 hours 

before be inning m eas:u.re ent of the water .u ac drop. Two ~·uns 

were then perfo ed, and the s eepage rate on the secon t'UU were 

used as the ope:rationa.l eepage loss rates. 

/ 
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Pon ing a one-m ile section of this canal with the techniques 

employed costs about 3000. Tha canal must be out of a rvice for a 

period of 10 to 14 days . Thi s usually prohib its the performance of 

t sts on main canals during the irrigation sea on. Early or late 

season tests in cold clim ates m ay require anti•f't'ee e in the stilling 

wells to p revent freezing. egardless of these problems, ponding 

has been, and s till is, the s tandard m ethod f m easuring eepa e 

losaes. Whether or not it duplicates the ope~ational seepage loss 

rates is open to question. 

SEEPAGE METE TESTS 

Tests were r un with a variabl e-head type see age meter 

developed by the Agricultur 1 B e.search Se rvice in the ponded reaches 

of the 1-.rlain Canal rio r to the pon~ing test s . In 1965, a total of 71 

tests wer per forme d in one of the one -half ile ponds; an in 1966 

60 test were performed in a one-h f mile reach hich a.s 1 ter 

ponded, and 26 test in a one-bali ndle r each which could not be 

ponde d because of a ulkhead failure. Teets were t ken cross the 

canal bottom at stations about 400 feet apart alon, the re<l.ch. Two 

groups of five measurements were m de at ea.ch station. 
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Two ~ ~""1 easily operated two A S eepage m eters in 

25- to 3.Q .. foot wide canal. One man m oved and in ert d the n Jeter.o 

ill the canal, \vhile the other recorded tim ed adings of m anom eters 
s · 

on the c anal bank. :v T' exp~rienced men ~rfor ed about 40 te to 

------------------------- -~--~------------ ----- ------------M 

ld '0' . s. Dept. oi A 'ricult U:r , .A - , Vater C uservati.on 

Labor atory, .RepQrt 1, 1964. B as ic instruction& fOl" falling head 

seepace met.e 11 tecl>..nique. 

per ay when seepa~e rates only were m easu-red. The proc-edure 

for sf:il'nating hydraulic conductivity r equit>es addition al t ime and 

about lO test per d y were per formed. '! he water level was m ain

ta.ined at abou.t ZZ inches at the centerlin-e so that th m eter c ould be 

ins r d m anually. m 1 flow was _ aintain~d to c rry away 

aedi e.nts dis turbed durin : the m eter i.ruitallatioll. ata were 

reco rde on bee ts with punch c fo at for proee .sin, with 

a digital com puter. :t C s t fo r obtaining a l."ea-. .,.,. ..... 'lo'-.... le eathn ate Qf 

-- -·- ---·- -~~--------------~-----------~------------ --------
rockway, C . E . and • V . or teU. 1967. 

Gr oundwater inve~ttig;a.tion and c nal se p ge studie41 . P ogress 

Report No. 2 , Engineering E.rq1eriment .o::Jta.tion , Jniversity of Idaho. 

--·------ ~-- - ---• •~w·-----•-••••---·---•-••• •-- -------·~·---

the eepage rate at low ter epth · thi canal is· a out $ 300 per 

mile. ~en u in thi meter, water depths al"'~ limite to leas th 



th h the ay 

r ate%. .A r sonable :redictiOD of th ee rate at th ea l 

operatin depth d da on th knowle g• of th -eepa e flo 

e em 1 cro s -•ectl n . 
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~E ·PAGE METER AND POND!NG TE ... TS R ULTS 

T ble 1 shows a c omparison of &eepage rates obtained 

.from ponc!ing tests and those estimated by seepage n eter tests. 

Rate.e measured with the seepage meter are for an average cente1• .. 

line water clepth of Z 1 inches , while the c&l'lal oper ating depth '\vas 

5 to 5 .1/Z feet. The ability of the m eter to act: rately reflect 

actual seepage rates tmdor eim ila1! c o11ditions i.s evident. The 

l'lleter J'atea in both instances are higher tha;o. the corresponding 

ponded rates by about 30 peJ"cent. The ponded seepage rate could 

possibly be lower than that of an operating canal if uspended 

edL'"'nents and algae tend: to settle to the l»ttom and p rtially seal 

it tmder conditions of zero velocity. A 30 -percent error in 

estimating the seepag4! rate in a canal with low lo~ses m ay .not be 

economically in:q.><>rtant. HQ ever , a 30 .. percent error in the 

~stimate for a canal with a highe r seepage l os.e could result i.n an 

erroneou juetification of a lining program . 
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TABLE 1. --Ponding rate and s ecpage meter comparison ':' 

Average 
1965 1966 1965-1966 

Average <l. water depth (inches) . 22 20 21 

Number of tests . 71 60 66 

Wetted area tested (percent) .092 .086 .089 

Ponded seepage rate (cfd). • 50 • 56 .53 

Seepage meter rate (del) .68 .69 .68 

Difference (cfd) . • 18 • 13 • 16 

Difference (percent) . 36 ' 23 30 

* Values for ponded rates are extrapolated down to the average 

level at which the seepage meter rates were measured. 
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On reason for the 30 p ercent difference between the 

ponded l"ate and the seepa (! met er rate may be th.,_ , iffe~ence in 

location of the water surfaces during th tests. The water urface 

lope during t he s eepage roe-ter tests was es•entially - qual to the 

friction gradient, or about nine .. tenthe foot per lf-mile. Th 

ponded rate naed for this comparison is computed t level water 

surface elevation corresponding to the averag elevation of th 

loping wat er surface dtn•ing seepage m eter tests . The actual 

seepage at'ea for the ponded condition i• not identical to the area 

a mpled by the seepage m eter testa . An estimate of the n1a.g-nitude 

of the differen ce a-ttributable to this effect is difficult. The m eter 

ite~lf may not measure th~ true eep ge rate of the oil into which 

it is ina rt d . Disturbance of the soil during inse1"tio:n, of the eter 

bell can ca.use indicated ee age rate to be higher t an actual. 

Insertion of the bell y ¢ause a 11c raclt11 through the restricting 

l ayer. _ n insufficient aeal between the bell and the ail can also 

cause errors i.n aaurement. However, with the RS m eter, a test 
§1 

is always perfo ned to check the seal prior to e C•l m ea urernent. 

arnick showed tl t with const t-hea type rn t teppin~ on 

or pushing the m eter b 11 i.n by hand resulted in indicated average 
'j' j 

eeep e rates as m uc 1 as Z3 ercent greater than the po11ded rate.--

----·-------- •-••-----~-------·---------·---- ·-- ---~- ·-w~- -

V W rnick, c . c . 1963. P:rohl em s in eepage 

evaluation and control. P:1.·oceedings - S epage Syro os1um, 

'hoenix . Ari..,.ona. 

-----------·------------------------------------------------



lZ 

Differences in seepage rates across the channel ~re 

deteeted with thb m eter. In the 1966 tests, i rri tio district 

per sonnel shaped both s ides of the upper pond prior to the s epage 

meter t e t&. Thia process removed the berm ant disturbed the 

peding l av-r on the s ide slopes, but clid not disturb the canal 

bottom. In the lower pond, only one s ide of the cross-section as 

shaped. Figure 1 sho s the variation of se page rate in the eros -

----~-----------·---------~---~-·-------------------- -- --- ~-

Figure 1. -·V riation of seepage rate · eros -eection 

------------·-----------~--~Pw-•••-- · -------•-•••-••••------

section for the tluee teet-reaches. The e sured eepage rate 

should e l ower n ear the oqte:r edges o£ the ett ,.ea :vh re the 

effec tive wat e·r depth is less. The 1966 t ests indicate higher seepage 

rat s in areas h ere the impe ing l ayer - .s disturb d. T e co :n 

parison was tested statistically to asaure that it ensted. V This 

----,. ----- - -·~ ---- ........... ---------------- • ------ • .... -- ilioM._ ··--·--

9/ 6 - Ostle, emard. 19 3. t11.-tiatice in Reseal'ch, 2nd 

~ dition, Iowa tate University re s, Ame , Iowa. 

---8~--"·------------------------·----·---------------------
rlifierence in rate thin th eros • ectlon i not apparent for e 

1965 test which 1Ve%e Jade prior to eb _ ing oper ti s. Small 

differences i rat&s occurx-ed throughout the length of e ch te t

re ch, but ao ;wparent phy~ical r ason could be found for this 

variation. tt m pts to xtrapolate 1966 e sured s epa e tneter 

r te to erating de . ths were not successful. E tim te using the 

I e sure hydraulic pedance of the restrictln.,. layer wer not 

po sible because th. layer had been disturbed on the side slopes . 
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The eepage rate measur~d by the rneter in the 1965 reach 

and extra olated t.o operating depth wa$ 1.4Z cfd. This was compare 

to a seepage rate ponded at operating depth of 0 . 67 cf ~. The difference 

could be c aus ed by the COllaolidated sUt layer in the canal eros -section, 

or the meter m ay not accurately m easure the hydraulic · 

the res tTicting layer. 

The inability to e stimate operating level seepage lo a rate 

by ext r polatin m easurem ents m ade ith the m ete:r t.enae to 

counter act the advantages of its e ase of operation and parent 

ccuracy. Further stu.die are 'U.Ilder way to develop a meter using 

the variable head principle which can be e efficiently in 

canal. 

INFLOW -OUT FLO\V . EASU El NT 

operating 

The Bureau of Recla.."nation, as part of a stu. y of water 

use on federally irrigated p r o jects, instru:roente the 4. 5-mile reach 

of th ~·n Canal to determine operation 1 losses. This yatem is 

one of the beat installations of this type which haa been atte. ~pted. 

Loa~aes in th total reach length "'"ere c.o.r:nputed for t"WO- ;veel period 

uring t e irrigation season and expres~ted a cubic feet er square 

fo.ot per y (c:t ) over the entire wetted area. This loss tate is not 

a eepa.g rate pe:r se, but includes other perationa.l losses. A com

padson of loss rate over the 1965 an 1966 eea.sona is presented h1 . 

.. igure z. Definite easonal fluctuations are evident and are ;reason -

--· ------·-••-•- ----~--------------- - -------~~-w--~••-•-----~ 
Figure 2 . - -Opera.ti nal l.o s rates i.uflow-outflow method Unit 1':.. 

~lain Canal 

--·------------------------------------------ -----•-w -------
ably repeatable for the two years. The losa rates were co ideraaly 

hi _(he th the ponding aeenage rates of 0 . 60 to 0 . 70 cfd. 
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Th ete 0 ination of los e rates by ihflo -outflow methods 

is usually v ry costly ~.nd p.robably shoul not be uBed solely to 

estimate eepage losoes. The installation on tlte Unit A C-anal in .. 

volves over 20 recol"dmg flow m eaeu1i.ng devices vhich are c o tly 

in talle.tions. V'ith a la.rg number of flow measu.ring devices. the 

probable er r e>r i:n the eatimate of losa ratee can be quite large. 

Auy error would be mo :re significant in reaches with lpw loo r~tes. 

ESTIM.A TINO QtJL ED NUMlJE S O:F' 

SEEPAGE METER TESTS 

The following p.roc"dure can be use d to esti:taat~ the 

numb r of eepage meter teats required to obta.i:u. reasonable 

nverage value of the seepage r ate .from a reach of canal. 

ber of assmnption are :required in the analysis: 

( 1) The locatio of measur ;. ents in the canal croas - ection were 

randomly el eeted, (2) th individual meaS\1-l.'ements wer performer 

by eomp_etent p e r oru'lel u.eing the p roper tecl'-.t"dqu.e. {3) vaJ:iabUtt-)" of 

the soils in which the known ites ere obtair..e 0 app:roxim te 

the variability of all othez so-Us n~ountered, and (4) that the dis-

trlbution of seepage :rates i$ normal. level of confiden:ce to be 

use in seepage rr e ter teat s can e defined as that . i ch ie ased 

only on the variability of individual measurements a• affected by 

rar..do1n variation of Boils a:n(l human. teclmiques. 
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UfJing a Student's t distribution , t he confidence interv 

for the mean is defined by: 

where -r 

!,!. 

s 

t 

= 
;::: 

::: 

N :;;: 

[ l J 

observed sample m ean, or the m ean ~f nutnbe:r 

of s eepa.ge n1ete t' tests , 

popt'\lation n1ean, or the m ean of all po sible teats, 

p robability function which is &pendent on the 

des ired c ontldence level and the nuniliet of tests, 

th~ :nll'mber of tes tiS. 

Expressing the confidence inte rval as a percent of the 

compute mean X, 

te 
if!F 

[ 2] 

whe re D = maximum percent by which the c omputed mea..tt 

might vat-y from the true m ean at a given 

p robability level. 

For a selected value of D and estim ate values of s 

nnd X, the t"eq-Qired numbey of testa, N c' can be estimated by 

( 10~ ts ') 
Nc -= •• Dir 1 

or 

N = [3] 
c 

where CV = 100 8 · of the percent coefficient of variation. 
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An approximate average s-eep e r ate can usually b-e 

estimated by exa1 ning the soil type and canal g ometry. Past 

result s of seepage m eter s t\1dies can be used to obtain estimates 

o£ s. In the s eepage m eter tests with the ARS m eter in 1965 

and 1966, the average standard deviation of 17 group of tests for 

a tot al o f 1S6 tests wa 0. 538 c !cl. A similar analysis of 54 s a mple 

groups for t\ total of 762 tests ~ with the U. • Bureau of 

R e cla ation m e ter 011 variouB types of soils sho r:e an average 

st_andard deviation of 0 . 508 cfd. V A reaeonable initial est ate of 

------------ ----- -·- - ·-- -------·~- ~--- - -- --- -- ------~~ --- ---

~l/ Engr, P . '1': ' January 1965. l:,_.emor dum to E . J. 

C arlson, pecial lnvestigations Section, Hydraulic Laboratory, 

• S . Bureau of ecla.m ation, Denver , C lorado . 

- --~- ----·---------~---------------- ----·- -------------- ----

the standard deviation is probably about 0 . 5 cfd. 

""able 2 i t:J 9.ll exaraple of the use of this procedure for 

obtaining an i.niti estimate of P c and then revising the e tunate 

after a number of teats have been obtained. Estimates of the seep

age rat for the Portneuf silt lo n'l soil in the one-hal£ mile reach 

ofc 1 v - ried from 0. 5 c!d to 1. 0 cfd, o initial v lue of O. 75 

wa. · d osen for X. 



TABLE Z. --Statistical analysis of seepage meter testa, Northside Pumping Canal Test Section, 1965 ' 

Initial Number of Tests Completed 

Estimate 10 20 30 40 5i 61 71 

Mean seepage X ( cfd) • 75 • 727 • 658 ' • 614 .661 • 643 • 693 • 673 

Standard deviation s ( cfd) .s .481 • 410 ' • 357 0 364 0 38 7 o448 • 432 

Coefficient of variation (o/o) 66.7 6'6. 2 62o4 58.2 55. 1 60. 1 64.6 64.2 

Tests required N (No.) 32 31 28 25 22 26 30 29 
....... 

A c tual D (o/o) 39 24 18 15 14 14 13 00 
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