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Seepage Losses 
from 

Irrigation Channels 1 

CARL R O H WER, Sen io r Irrigation Engineer 
and 

0 . V. P. STOUT', Jrrigation Engineer 

INTROD CTION 

ea r ly one- hundred million ac re-feet of water a re diverted 
annuall y [rom streams, reservoirs and groun d-water basins to 
ir rigate crops in th e ar id regions of the \ Vest. From one-tl1ird to 
one- ha lf of this am oun t is lost before it reaches the fa rm ers· fi elds . 
Seepage p roba bly acco un ts l'or th e major portion of thi loss on 
most irr iga t ion proj ec ts, and sin ce water is th e limiting factor in 
the agri cultural development of thi s region , it is impor tant tha t 
efforts be mad e to red uce th e seepage loss. However , before suit -
a bl e co nse rvation methods ca n be deve loped , a carel'ul studv oE all 
the factors that influence seepage losses must be mad e. Various 
agencie have investigated this prob lem in tbe past, but it was 
not until 1922 that a comprehensive stu dy of the problem was 
init iated by the Division of I rrigation, United States Department 
of Agriculture, in cooperat ion with th e Ca liforni a Agricu ltural 
Ex periment Station and oth er age ncies. Th is projec t consisted 
oE a study of the factors th at cause seepage, th e development and 
testing of var io us methods o f measu r ing seepage, and th e measure-
ment o f see page losses from lin ed a nd unlined ca nals, la te ra ls anct 
farm ditches und er d ifferent fl ow rnndition s. \ No rk on this 
project has been ca rried on intermittentl y since that date as funds 
and personnel were ava il ab le. The resu lts of th ese studies are 
reported in this bull etin . 

I . J\l o:-: 1 o f thf' fi pld work (·n,·f'r('(I h .,· t hh,; h11 ll t> tin w ;ir,,; (·o nclu<'tcd hr the authors 
i 11 Ca li fornia 1111cl er a coo pc ra t h·c agrC'c m ent hC't w cc n lh P Di\· is ion of Agric 11l t ural 
E11 g in ec ri11 g, .R11rea 11 of l 1 11bliC' Hoacl s a nd thf' ('a lifor nia .\ gTiC'11lt11ra l Ji;xpcriment fH:i ~ 
tion. D r. ~am11c l F orth•r .. \ ssoeialc ChiC'f of thC' Di,·ision of Agricultu ral J~ngincering, 
wa~ in <'haq!P for the H 11n1a 11 of Pttbli (' H n:ttlK an d ProfP~~or Frank: Adams for the 
Ca lifornia .\ irril'n l t ura l Exp(' ri111 ent Stat ion. ,\fler tlw cleatb or )fajor 0. V. P. :tout, 
t hC' projPC'I w as assigned to Ca rl R ohwer , who co mplctctl the rC'porl 1111d C' L' t hC' di~ 
re<: t io11 of \\', \ V . .:\Ic l ,: 1u g hli n , Chic•f of lh P I>i\·ision of Jrrignt-ion , So il 'o nscrn1tion 
Sc n ·icc·. 'l' hi 8 work wn s ca 1Ticd 0 11 under :1 coo pera ti ve agreement !Jct wee n t he Soi l 
Co nsc n ·atiu 11 Se n ·icc and the Co lurn do Agri f' 11ltura l Expe riment Stat ion. 

V:1l11 ah lc assista nce in t he prcpa l'atio11 of this report w as received from the mem-
Ut•r:; or tll r• Dh·isiun of l rrig:1tion. offiC'i:t l~ of irrig-aU011 JHojects, :111<.l eng i nee rs of the 
llurc.1t1 of H t•c lnmat ion. which is g-ratcfu ll ,v atknowlct1getl. 

2. Dect•a se<.l. 
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According to the last 17 edera I census ( 13) there were 125 ,-
034.8 mil es of canal s and latera ls and 28,508.3 mil es ol' p ipe lines 
used in bri nging irrigat ion water supplies to !'arms in the 17 
Western States in 1939. (See tabl e 1.) Of the ca na ls and latera ls, 
a total of 4,648 .8 mil es had been lin ed . N o data are avai lable as 
Lo th e length o f sma ll ditches used in distributing water on the 
!'arms, but the tota l is probab ly fa r in excess of that lor ca na ls and 
latera ls. A ltli o ug li the seepage lo ·s l'rom some cana ls is rela tive J~, 
~ma ll , many ca nals lose a larg proportion o l' tl 1e water ca rri ed , a n<l 
in t li e aggregate the loss is enormous. 

T he percentage of th e water d i,·ertecl l'rom surl'ace supp lies 
fur irrigation that is lost by seepage, eva poration ;rnd lea kage in 
eac h of the \Vestern States is a lso sei- out in table I . '1 'hese per-
centages were compu ted l'rom the l !HO Fed era l census da ta on the 
amo unt of wa ter diverted l'rom surlace sou rces and the a rn o 1111t o l 
water de li vered to th e farmer, per acre o l irrigated land . Th ey do 
not purport LO lie th e tru e va lu es beca use th ey arc based on onl y 
a part of the area irr igated; l'u rther111ore, the area l'or which the 
tota l diversions were meas u red may not be the same as the area !'or 
wh ich the to ta l de li ve ries LO the !'armers were rneasurccl . Th e 
percentages are, ho wever, based on such la rge acreages dial 

TAI.ILE I . Su1nr11a1)> of irrigat ed areas, irriga tion water deliveries a'll cl losses, 
and lengt l1 s of cham1e ls of va rious t)•/Jes required to deliver irriga-
tiou water sujJjJlie:. i11 t/1 e 17 IJ/ es tern Stat es .' 

Xu. State 

I A rb~1111:t 
'.! ( 'alif11r11ia .. Cu lora du 
4 Id a ho 
G Ka 11 ~:1 8 
IJ 1\fo 111:i 11:i 
7 NclH:18ka 
k N evada 
!) te w .:\l l'xil'u 

I() Nortl t Dak o ta 
11 Uk labo 111 a 
t:! Oreg o n 
1'' ., South Ua kula 
14 'rcxas 
IG Utah 
((j , vashi11.:lu11 
17 ,v~1omi11g-

'L'otal 

Tota l water 
I rr igalt•d delh·ered 

area tu fanncrs 

.l e res .\ c r e - ft·l't 
G::-.:J,:.m:: :!,1:!H,::::.i 

G.OH.rJ ,:3u8 1 :{,41!1 ,H4 ):! 
::.:!:!U. fl<~G 7,7:il-1,4:,~ 
".! ,'.!77 ,857 H1:mu,".!:1'.! 

!IH,OXU 1rn1.oor; 
1.711.40\l :: ,:mH,BRH 

Hl0,:17!) 1.10!i ,!"i4 1 
7:{tl ,86:1 :!,1<~t:!:rn 
GLH,o;,v 1,4-Hi,418 

:!l.615 :i!l.:irn, 
4.J 6() .J ,H71 

l ,0-19,17li ~, l!JG.78S 
uo,rns (i.~. 7!l7 

1 ,045,2'.!4 '.!.-1:w,:no 
1,176,11 6 :!.1J:{:!,8rn1 

61:J,01:3 :{ ,25:! ,7!{:{ 
1.-186,498 '.!,SSO,G1:J 

----
'.!0,31J5 ,U4~ 55. 6 1,a2H 

Tot a I luHS 
bet ween 

tlivpn;io11 
:1 11tl t..lelin.! r y 

Per 
('(' Il l .l c r e - rt·<'l 
m :;, :!OO,(HII> 
-11 • 1 t ,4:ll),CIIH> 
17 I .!'i!)(J,(HHJ 
::1 41~:m,000 

40,fHH>" 
4:! ~.+lll ,OIKI 
:!-I :m i,orH1 
1\1 G(IH,Ofl{J 
!i[i 1,GHH,000 
(j(I :iU,000 

1.ROO" 
:! I 'G() ,fl(IO 
~,:i 48,tHK} 
48 :!.:!50 ,fHHJ 
'.!O 7:1:l,IHHI 
'.!1 1.~'()4,IH)(I 
fi7 -1, HHJ .fl(H I 
------
::R :H ,fl17 ,5UO 

Lp11g-l h of canals a11!l laterals 
diver ting water fn1111 i,; 11rface 

supp li ~8 

'.l'ola l Ea 1·1 h 

\lil t•s ,\ Ii lt•s 

4.171'.:! :: ,!1xn 
l!J.7!1\l. I 18,:!17 
1!U,fi4.II l!J ,707 
1:: ,no:!.l t :UX!J 

:!!l:!. ::i :!!I:! 
l !i.70:!.!i I G,:,:;r. 

::,:1:1 1.:: :: ,:!,l.;7 
:!,8!J7.:! :! ,X-1:i 
4 ,(;.17.!l -1 ,;jli7 

1:m.2 1G8 
4-•J '> 41 

8.:i lKO s •>·>·> 
·1.0-1!1.:{ l,ll:l8 
:i,\l:{(i.1 4,\14-1 
!t,00-LG X,74'.! 
4.:!48.H ::,GSl 

1 l ,7H'.! .1 11 ,71:i 

125.0:14 . 1:10,a G 

L e11;.d h 
of pipe 

Li11t ·d Jines 

}I il 1•8 

l!I:!.:! 
1r1~:!. I 

1[;7 ,11 
11 :1. 1 

0 .0 
147.:i 
44.:: 
:'.,:! ,:! 
1:,11.!I 

1.2 
1.2 

:.!!IIU) 
11.:: 

!l!l:!.1 
:!li:! .G 
t;G7.G 

47.1 

}l i les 
;144,:: 

:!:!.fiUO.:! 
~4~.I 
:..~ t!l.! t 

~4 . 1 
14~. I 
1:!li.1 
111.J.7 

:{li ,.i 
:u: 

'.!.J.4 
IJHil.:! 

11.:1 
O'.!a .1 
17:!.:i 

!! .Ul:!.7 
10.:: 

4,G-1 8. :l ,508.3 

1 Co tnpiletl from 1940 Trri gntion Census o f th e uitc cl Stutes. 

" Data i11 cuusistcul , loss l'S limale!l. 
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they a re b elieved to h e r epresen ta tive. The da ta show that th e 
losses ra nge from 17 to 67 percen t o f th e tota l diversion s. T hese 
va lu es ar e p robab ly too hig h h eca 11se of the tendency to g ive Eull 
m eas11 re to th e farm er w hen m aking d el iver ies, hut even if the 
t11rn ed-0 11 t excess aver;:i ged less than 10 percent, the e ffec t on th e 
app;:i rent seepage loss in those st;:ites wh er e the losses ;:i re sm ;:i ll 
wo1 il d be consid erah k . 

Comp le te darn on th e tot;:i l d ive rsions by all ca nals in th e 
'Western States are no t r epo rted by the B11rea u of the Censu s, bu t 
th e total d eliveri es to fa rm ers, based on m easured a nd es tim ated 
quantiti es, are give n in the irriga ti o n r eports. The data for 1931) 
are set 0 11 t in tab le l , toge th er with th e tota l losses computed 
from the re la t ion between the quant ity o f wa ter di ve rted pe r 
ac re ;:i ncl th a t d eli vered to th e fa r m er. Th e tota l loss d erived in 
thi s ma nn er, a lth o 11 g l1 admittedl y o nl y an approximation , is 
34,(i 17,500 acr e-fee t per a n n nm , or :rn percent of a l I water di ve rrecl. 
Part of the loss is d ue to evaporatio n , ;ea kage from fa ul ty struct11res, 
a nd inacc ura te m eas urem ent of d eli ver ies, however , see page prob -
ab ly ca uses a g reate r loss th an a ll the other influences combin ed . 
Most o f th e water lost seeps down ward a nd fin all y becom es a par t 
o f th e g round wa ter, whi ch may r eappear in th e strea ms as r e turn 
flow or m ay h e r ecove red b y pumping From we ll s; but som e of it 
is lost to the dra in age basin by mig rat ion to oth er basins (as occu rs 
in th e Pla tte Vall ey), a nd a considera b le portion accumula tes in 
wa ter- logged ar eas from which it is di ss ipa ted by evapora tion a nd 
tr;:in sp ira tio n . T he m agnitude o f eac h o f th ese qua ntities cann ot 
he d etermin ed , hu t th e importa nce of th e losses From ca nals is 
appare nt from the qu o ted Figures. 

f ACTOR .~ A FFECTJ N (; SEE PA GE 

See page is customaril y defin ed as th e emergence of water 
from sa t11ra ted soi l as we ll as th e di sa ppea ra nce of water into th e 
so il. According to To lman (12) see page is th e movem ent o f 
water into or o u t of th e grollnd . A similar def ini tion is g iven by 
M einze r (7), hut for movem ent he substitu tes percolation which 
Tolm ;:i n uses o nl y in th e r estric ted sen se o f m ovem ent o f wa ter in 
sa tura ted medi;:i . In thi s r eport, see page is used to r efer to th e 
move m ent of water into or o ut of irr iga ti o n channe ls thro ug h th e 
bed mater ia l. T he a m o un t of seepage may b e m easured in cu bi c 
fee t per sq llare foot of wa te r surface or wetted surface, per 21 hours; 
in cub ic fee t per second per m ile ; or in perce ntage o f tota l flow per 
mil e. Of th ese term s cubi c fee t per squa re foot of wetted surface 
per 24 ho urs is beli eved to h e m os t generall y use ful. It is th e unit 
aclopted for thi s repo rt. 
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Seepage is a complex hydrologic phenomenon, and because 
of the many variables in volved n o genera l law for computing the 
ra te of seepage has been developed . W hen water is flowing in a 
ca nal, the wa ter in contact with th e bottom and th e ba nks of the 
chann el immedia te ly starts to move into th e interst ices be tween 
the part icles making up th e lining of the channel. This move-
1nent is a comb ination o f ca pi ll ary f'l ow and perco laL ion. The 
cap ill ary f'l ow is ca used by the ca pill ary a ttract ion o f th e fine 
passages between th e particles of th e bed materia l, wh ereas per-
co la tion is ca used by the ac tion of grav ity in forc ing t il e wa ter 
through th e pores of the bed mater ia l. The action of gra vi ty is 
a lways dow nward , bu t ca pi ll a ry a ttrac ti on operates in a ll directions 
and may ca use the wa ter to ri se many fee t above the leve l of the 
wa ter in the channel. Ca pill ary movement is extremely slow and 
f'or this reason it is ordinaril y small in comparison with percola tion . 

T he ca nal banks and bottom in contac t with th e wa ter are 
a lways sa tu ra ted , but as th e water see ping from th e cana l leaves 
Lhi s zone this conditi on may or may not exist. l£ th e wate r tabl e 
in th e area is in con tact with th e bottom of the cana l or ha r isen 
a bove it, then a ll the so il in th e imm ed ia te vicini ty of th e ca nal 
below thi s leve l is saturated , and th e seepage foll ows the laws of 
percola tion:' . If: th e wa ter tab le is above the leve l o f th e water in 
the ca nal, t li en th e direction o f fl o w will be toward th e cana l and 
a gain in water will occur. lf, howeyer, th e water ta bl e is be low 
Lhe level of the bottom of th e ca na l, th e region immedia te ly below 
the canal will not be satu ra ted except in specia l cases, such as 
when the underl ying mater ia l is Jess p rvio us th an th e bed of th e 
chann e l. \ Vhere this occurs a pressure zone is built up around th e 
wetted portion o f th e chann el and th e flow occurs as percola tion . 
Generally, however, when th e wa ter table is below th e bottom of 
th e canal , the wa ter seeping from th e ca na l fl ows downward by 
gravity as a fi lm of water surrounding t he par t icles of th e so il. 
Under th ese circumstances, the water los t from th e ca na l flows 
downward in a zon e d irec tl y beneath th e ca na l with li ttl e, if an y, 
la teral spreading. 

T he permeability< of the materia l forming the lining of th e 
canal, whether it be th e natural so il or an arti ficial lining, is in 
general the most important factor in determining th e rate of 
see page. Per meabili ty i influenced by th e size of th e pores and 
the percentage of pore space or poros ity of the materi a l. For a 

3 l'erco la tio 11 ( laminar fl ow) is I he s low move ment of w a te r in intc rco nnectecl pores 
uf sa t urated gru nu l::n· mn tcr ia ls ttn U(• 1· h ,vUL'flltli c gn1<l i c• 11 l s comm on ly tl r-ve loped under -
g round . (12) 

' P ernwa b ilil .v :1s he re used is I hr en pa cit~· for t rn ns m it! i ng wnte r t11 1tl P r p ressure. 
(i) 
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given ize of pores, th e permeability increases with th e porosity, 
bul materia ls such as cl ay which have a high porosity are relaLively 
impermea bl e. This r esults from the fact Lhat permeability a lso 
var ies ro ughl y as th e squa re of the diameter of the pore spaces 
( 12, page 45) , and since in clay th e pore spaces are very sma ll , the 
permeab ili ty is also small in spite of th e high porosity. The 
presence of grave l in most ma ter ia l~ decreases the permeab ili ty 
beca use it redu ces the porosity. Gravel a lone, if made up o t 
parti cles of uniform size, has a high permeab ility because th e 
interstices between the pa rticles are not fill ed with fin er materia l 
and consequ ently th e pore spaces are re lative ly large . So il s made 
up of grave l in a matrix of cl ay are prac tica ll y imperv ious to 
wa ter and are quite sta bl e. 

According to Da rcy's (1) law, the velocity of fl ow through 
water-bearing sands is directly proporti ona l to the head cons um ed. 
T his law is generally assumed to a pply to a ll saturated water-bear-
in g materia ls in which th e pores a re of capi lla ry size and tl 1e !l ow 
is laminar. Ex perim ents at th e hydrol ogic laboratory of the 
Geo logica l Survey show th at samples of coa rse g ra ve l may transmit 
water at a rate 450,000,000 tim es th a t o l· c layey silt ( 14, page 
11 ). T he poro ity o f th e clayey silt was 58 percent and that 
of th e grave l 38 percent. For a head of l foot per foot of this 
gra e l, the discharge was 90,000 ga ll ons per square foot of cross-
sec tiona l area per 24 hours. Under simil ar conditions the dis-
cha rge Lhro ugh th e cl ayey si lt was onl y 0 .000 2 gall on per 24 
hours. The wide range of poss ibl e seepage is a ppare nt from these 
figures. The actual losses from ca nals, however, are la r less 
Lhan the m ax imum beca use th e bed materials of cana ls arc 
part ia ll y sealed by silt and clay ca rried in the wa ter. Furthermore. 
although the d epth of water in ca na ls may be as grea t as 5 feet and 
sometim es even more, fi eld studi es show (page 43) , that th e see p-
age is onl y loose ly corre lated with the depth . This lack of cor-
re lat ion between depth and rate of seepage has been reported also 
by Lane ( l 2, page 243) . In a study o f water spreadi ng for storage 
undergroun d, Mitchelson (9 , page 80) observed that th e seepage 
rate decreased materia ll y when the water tab le reached the level 
of the water-spreading gro und, but the d epth to g round waler had 
no effect so long as the water tabl e was below th e su rface of the 
ground . rfaximum seepage rates occurred during th e period that 
the water table was dropping a fter it had ri sen to the ground level. 
This effect disappears, howeve r, when the ground-water le, e l has 
dropped severa l feet. T he combination of these factors , wgether 
with othe rs th e influence of which is not recognized a t th e present 
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time, makes it d iff icul t LO eva luate the influence of depth of water 
o n seepage. 

Seepage is a lso affected by the temperature of the water. Ac-
cording to Poiseuill e's (10) bw, the ve locity of a li cp1id thro11g h a 
ca pill ary tube varies d irectly with th e speci fi c grav ity o r the 
liquid , the head a nd the square of the d iameter of the tube, b u t 
inverse ly with the v iscos ity o r the liquid . Since the viscos ity 
decreases as the tempera w re in creases, seepage shoul d increase as 
the water grows warmer. For ordinary temperature ranges the 
coe fficient of viscos ity cha nges a bout I percent per degree Fahren-
he it (2 , page 209) . A simil ar cha nge sho ul d he expected in the 
seepage f'or each degree change in temperature of the water. A l-
tho ugh it is generall y acce pted th at a n apprec iabl e change in the 
seepage shou ld take place, actua l see page m easurem en ts in volve 
so many un certa inti es that it is rarely possibl e to diffe rentia te 
betwee n 1h e effects or th e var io us rac Lors (See page 4:l) . 

The theoretica l re lati on between the var io us factors and the 
seepage according to D arcy 's law ( 14, page 11 ), is exp ressed by the 
form ul a Q = K.i IA , in which Q is Lhe quantity or water in uni t 
time, 

K,1" is t he coe ffi cien t o f' hyd ra uli c permeahili1 y (T he sub-
script cl is used here to differentia te the Darcy coe ffi c ie nt 
rrom other values of K appear ing in thi s repo r t. ) 

J 1s the hydra 11l ic grad ien t, a nd 

A 1s the wetted area or 1h e u1 na l b ed a nd hanks. 

This formula ma y also he expressed in 1er111s nf 1h e head 

K,1hA 
ava il a b le, as Q = ----

in whi ch 0, Kil a nd A have the same significa nce as before, Ii is 
Lh e head p";oduc ing seepage, a nd I is the' length of the colu mn of 
mater ia l throu g h which seepage is tak ing place un der the head, h. 

:. 'J'llP <-oc ffi ciPnt o f J)Prrn r,nl> ilil·y o r n m n t c, rinl, ns tl Pfinrll h,v ~fr inzr r (11 , pa ge 14, ,, 
is tll c ra 1e o[ flow in g :1 llons a day throu g h a sq11arP foo t nf itH 1·ross ·sf'c t-io11. 111H] c r :i 
11 .rdra ulie gTutlie11 t ot: 100 PC1 l'Cl1 11t, at a 1~mperat11rc of (i(J 0 li1 . O t hf' r in,·C'~ t igalors hnvP 
tlt1f'i11 eU t li e co<' fli cieu L in te rm s or r ulli c f'f •(:}t p f' 1.· day. , v11 e11 th e rw rm cnbili t v is ex -
t rt• me ly s ma ll. t he cor ffi c icn t may be PXl)l'<'Sseu in gallo ns o r r ubi c fe,•t per yea r. 
ls rn e lsen (4) has s uggest ed a diffe rent coelli c ient K g. which he ca ll s t he spec ifi c watPr 
r nmluctivity a nd defin es ns " 'L'hc ,·olunw of wnle r t ha t will fl ow in 1111 it t ime through 
a so il co lumn of uni t cross -sec tion nr 1..1n <lue to Lh e driv in g force per unit mass co rre-
l-lpondin g to uni t potential g raU ient." \Vh ichf' \'f'r c0Pffi <' if'11f· iR :14lnptP1l (l1•lf1 1·minPs th" 
1111 it i11 whl<-h Q in n:11·r-,\' 0 S Jaw mu st hP exprrssP<l . 
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A ll th ese variab les ar e readily susce ptibl e of di rec t m easurem ent 
in seepage experim ents except K 11 , the perm eabi lity, and J, t he 
hydra ulic gradient. Several formul as have been developed by 
m ean s of which K11 can be computed from Li1 e temperature or 
viscosity of th e water, t he porosity a nd th e m ec ha nical a na lysis o r 
th e sand. None of these fonnttl as has bee n found entire ly satis-
factory. P erm ea bility may also he determin ed by direct measure-
m en t of the flow by m ea ns of' permea m eters , by measurement of 
ve loci ty of flow with d yes or chemica ls, or b y compurn t ion from 
th e data for drawdown and discharge from pumped we lls (15) . 
Th e last-na m ed m ethod has th e adva ntage of g iving an average 
va lu e fo r the water-hearing mater ial in the region or oh. erva r·io n 
we ll s. 

The probl e m is complicated srill l't,rrh er by rh e fa cr- rhat 1h c 
mater ial comprising the heel or a cha nn e l is not uniform a nd th e 
perm ea bility d ete rmin ed ror a sample of the heel taken a t o nP 
place may o r may not a ppl y at any o th e r pl ace. A lso, the penne-
ahi li ty m easurem en ts should he made on undi sturbed materials 
beca use marked cha nges in th e structure o f the material usually 
resul t if the sampl e is brok en up a nd then repac.kecl for tes tin g. 
For this reason it is desirable to make th e test in place if poss ibl e . 

Difficulti e~ arc a lso en co untered in d e termining th e e ffect ive 
head ca using the see page from cana ls beca use o f the grea t var iat ion 
in cond itions. Th e depth in the ca na l is o nl y o ne o f the fac tors. 
According to Darcy's law, the pressure o n both ends o f the column 
throug h w hich seepage is occ ur ring affects t he rate o[ see page, 
and th e ir magnitude mu st h e known before th e effec tive head ca n 
he determin ed . M easurem ent or th e area thro ug h which seepage 
is taking pl ace presents no di ffi culty. M ost ca na ls are o ( fa irly 
unifo rm sectio n and a few profil es across a cana l will g ive a 
reasonably close a pprox imat io n o f t he area. ·wh ere the canal is 
irregular, su ffic ie n t accuracy can he obtained by taking more 
profi les. 

n eca use of th e difficulty in m easuring the pa ra m ete rs, Darcy's 
form ul a Q = K, 1 TA ca nnot b used in determining the actua l 
seepage from a ca n:i.l, but it is very useful in disclosing th e re lat ion-
ship between the var io us factors a nd the seepage. Even though the 
va lu e o f K,1 , the coeff ic ien t o f pe rm ea bility or of I , the slo pe, ma y 
be un known, it is readi ly apparent from the form ul a that th e 
seepage is direc tl y p ro portiona l to each of th ese fac tors a nd a ny 
changes in them will affect the seepage in lik e proportion. This 
is rrn e a lso o f the area A. 
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METHODS OF MEAS RI NG SEEPAGE 

Seepage measurements on can al may be divided into two 
classes: Those made on a relativel y long section of the ca nal , and 
those made o n a specific portion of the ca na l bed or on mater ia l 
from one or more points in the ca nal in the be lief that these meas-
urements woul d be representative of the whole cana l. Inflow a nd 
o utfl ow measurements for the section under test and inkage mea-
surement on a pool formed in the section are of the l'irst type. 
Measu rement of seepage l'rom pits in the ca nal or in material simi-
lar to t hat in the canal , and measurem ent of fl ow throug h undis-
turbed m ate rial fro m th e ca na l bed by means o f perm ea meters are 
of the second type. Measurements o r th e first type are bel ieved to 
be much more sat isfactory than those of the second type, a lthough 
it is rea li Led that non e of th e methods is without defects. 

/11/l o u and 011 tflow i\ leos 11 re111rmls 
'W hen the inflow and o utfl ow m ethod is used , the quantity of 

water enteri ng the sect ion a nd the outflo w must be accurate ly 
determined , together with a ll leaks, increments and diversions. 
H the seepage losses are sma ll , evaporation and prec ipitation must 
a lso be taken into consid era tion. Changes in bank a nd cha nn e l 
storage ca used by rising or fallin g stages of th e ca na l have an 
important effect on the quant ity leav ing t he section being te tee! , 
a nd must not be neglected if accurate res ults are to be obtained. 
Because of the unavoidab le inaccuracies in the methods of meas-
uring flowing water, it is importa nt that the section o f the ca na l 
chosen for testing be as long as possibl e. Oth erwise, the errors in 
measurement may be greater than the seepage loss. 

T he simplest kind of seepage measurement by the infl ow-
outflow method consists of single cl terminat ion of the inflow 
and o utfl ow duri ng a time when the stage of the cana l is constant. 
H th e seepage loss is large a nd the flow measurements are carefull y 
made, this method may g ive resul ts of suffic ient accuracy. Usuall y, 
however, better results will be obta in ed if severa l m easurements 
are taken a t each end of the section be ing tested and the averages 
used in computing the loss. If th e seepage loss is sma ll , even 
though care is used in making the meas urements, the differences 
in flow may indicate a ga in when thi method is u ed. 

l\fore accurate resul ts w ill be obta in ed if the tota l inflow 
and outflow over a period of days is d <" Lerm in ed To do this, water 
stage recorders are installed in the ca nal at the ends of the section 
being tested. By m easuring the flow at each station throughout 
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th e ra nge of stage of th e cana l, d ischa rge curve for th e sta tions 
are determin ed. F rom th ese da ta the to ta l infl ow and ou t l'l ow 
over any peri od du r ing the test ca n be readil y comp uted. IE th e 
pe ri od is chosen so th a t th e stage o f th ca na l a t th e beginning and 
end o f" t he interva l is the same, th en th e d ifference between th e 
tota l infl o w a nd o u tflow will be th e net loss. If the re is a differ-
ence in stage, a correc tion m ust be made fo r chann el sto rage. The 
d i[(e rence when corrected for eva po ra ti o n , prec ip ita tion , lea ks 
and di ve rsions wi ll g ive th e see page loss. 

Th ere a re seve ral meth ods by w hi ch th e fl ow in th e cana l 
ca n be measured , bu t und er most conditi o ns, th e current m eter 
m eth od is th e most prac tica bl e. \ Vhere the re a re weirs a t the 
ends of" th e section o r if th ere arc checks where we irs ca n qe 
insta ll ed , th e ir use will make it poss ibl e to get more accura te 
d ischarge measurements. In most instances, however, tl1 ere is not 
suffi c ient fa ll in th e ca na l to ju st ify we irs and for th at r easo n 
curren t meters a re genera ll y used . The gaging sta tions at which 
the current m eter measuremen ts are to be made sho uld be chosen 
whe re the cross-section of th e chann e l is we ll d ef in ed and pref-
era bl y in a lin ed sec ti on so th a t th e d im ensions ca n be accura tely 
measured The sta ti on sho uld be free of o bstruct ions which ca use 
disturbances in the wa ter and th e ve locity sho uld prefera bly be 
between 2 and 6 fee t per second and as nea r ly th e same at th e twu 
sta t ions as is poss ibl e. 

A n y sta ndard ty pe meter in good condition and acc ura te ly 
ca librated m ay be used to make th e measu rements. The integra-
tion me thod is bes t adapted for measuring sma l I ca na ls and la tera ls 
and the two-a nd-e ight-ten ths method is recomm end ed for th e 
la rge r ca na ls. Th e mu ltip le po in t meth od may a lso be used in 
m easuring la rge ca na ls but er ro rs may be in trod uced ow ing to 
change in stage or th e ca na l beca use of th e add iti ona l tim e required 
to ma ke th e meas urement. T he six-tenth s method is r eco111 -
m end ed [or sha ll ow ca na ls, but it is d oubtful wh eth er this 
m eth od is accurate eno ugh for seepage loss dete rmi nat ions unl ess 
th e lo es a re ver y large. \ Vhiche,·er method is be in g used , it is 
essentia l tha t a bridge be prov ided for the work. \Vad ing m ea -
uremcn ts are too much subj ec t to er ror fo r this type o r work . The 
sam e meter should preferabl y be used for bo th infl o w and outfl ow 
measuremen ts, as thi s procedure tends to e limina te errors in cal -
ibration of th e meters. Dupli ca te meas urements by two different 
types o r meters a re des ira bl e, beca use averaging the r esults he lps 
to e limina te th e e ffect o[ pecul iar iti es o f e ither m eter. 
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In seepage determ inat ions with a current meter, the accuracy 
of the resu lt is govern ed by the nature of th e e rrors in the m eas-
urements. rr Q , and Q" a re respective ly the tru e inflow and 
o ut fl ow, and n , a nd n" the corresponding errors in measurem en t 
ex pressed as rat ios (w hi ch may he e ither pos iti ve or nega tive) , 
th en th e trn e loss is Q ,-Q, ancl th e measured loss is 

Q, (I ± n ,) - Q, (I ± n,) . 

Th e d ifference betwee n t li e t rn e and m easu red loss is 
Q ,- Q,-Q , (1 ± 11 1) -t-- Q, (1 ± n,) = =t= n ,Q ,± n,Q , . 

H ence, if the error in both measurements is th e same, i.e., if 
n ,Q ,= n ,Q ,, there is no error in the resul t. II' th e percentage ol 
error is th e sa me in bPth meas ll rements then 

n , = n, = n and + n ,Q ,± n, Q " = + n (Q,-Q") , 
or th e perce ntage o f e1 ror in the res ul t is t·he sam e as th e percentage 
of e rro r in the meas ll remen ts; and since the pe rce ntage of e rror in 
th e measu rements is sma ll it will he sma ll in the res lllt. H the 
va lu es of n d iffer both in magnitude and sign , th en 

+ n , Q, ± n"Q" becomes + n , Q , + n, Q, . 

Th e e rror in th e result is the sum of the acrna l e rrors in the 
measurements which may easily exceed the loss and , d e pending 
on th e sign, may eith er rn ,iteria ll y in crease th e m easu red loss or 
change it to a gain. 

From the forego in g an;il ys is it is ev id en t that a spec ia l 
aaempt mnst be mad e to ha ve the er rors the sa me in sign and 
equal in magnitude. It is for this r eason th at hoth the in rl ow a nd 
o utfl ow m easu rem ents sho uld be m;icle by the same o bserve r ; that 
·imilar gagin g stat ions be chosen for the inAow and outA ow meas-
urements; that sect ions wiL11 large d ivers ions be avo ided ; and that 
th e sa me m eter a nd sa me meth od he used wh ereve r poss ib le. 

nder th e most favora bl e conditi ons, a n expe ri enced hydrograph er 
shoul d be a bl e to make gagings in which the error in th e d ischarge 
is a~ sma ll as I perce nt. C ener;i ll y, however, not a ll cond it ions are 
favorabl e, and whe n thi s occ urs, errors o r 2 percent or l;irger c;i n 
reaso n a hi y he ex pected. 

l ,eakage through st.rnctures and d iversions from th e c:;inal 
cannot be determin ed with a curren t m eter with sufficient ac-
curacy. Sma ll lea ks ca n usua ll y be measured most sa tisfactor il y 
hy m ea ns o f 60-degree tri angul ar ,rc irs and diversion s ca n be 
measu red most eas il y and most accur;-i te ly by recr;i ngular we irs. 
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Very small leaks ca n usuall y be estimated with suffi c ien t acc uracy 
except where th e seepage losses arc sma ll , as l'ro111 lined cana ls; 
then even t he sma ll leaks have LO be m easured acc urate ly. Vol -
u111 etric m eas urem ents arc 111 ost sa tisl'acLOry lor these sma ll !'lows. 

J'l1e ellect or precip it ation and evaporation is re lative ly s111a ll 
a11d !'or that reason prec ipita tion ca n be d etermin ed l'ro111 t he rain 
<aug ht in any stra ig h t-s id ed ca n a nd th e evaporat io n l' ro111 a la rge 
can suspend ed in th e canal. Evapora tion m easu red in this ma n-
ne r is not t he tru e eva porat ion l'ro m th e ca na l surl'ace, but even 
a rel at ive ly large error in t he eva poration wi ll have ve ry littl e 
e ffect on th e accuracy of the seepage measurem ent, b ecause evap-
orat ion is a n insignificant part or the loss excep t in the tightest 
lin ed ca nals . For most seepage measurem e nts, pulilished data 011 

evaporat ion (8) are suffici e ntl y acc urate. 

H there is an a ppreciable change in the stage c,r the canal 
during th e time th a t seepage 111 easure rn ents arc being 111ade fJ)' 
sing le m eas urements or the inl'l ow and the outl'low, th e results 
will be un certain , but when the see page is be ing cl e tcrminccl by 
the total inl'low and o utl'low over a pe riod , the e llec t or a n y d iffer-
ence in stage b e tween the beginnin g and e nd or th e pe riod can be 
e liminated b y con vert ing th e vo lum e d1 a nge in to th e inl'low or 
o utfl ow in cubic l'ee t per second necessary to produce th e change 
in th e e lapsed pe riod o f tim e. Th e volume change will be the 
m ean area of the wate r surface tirn es the chan ge in stage. 

P its a11d P ools 

A simpl e method o r est imating th e seepage that wi ll occur 
from a new or proposed ca na l is to note the rate at which water 
drops in a pit dug in th e so il adjace nt to the ca nal. II' th e pit is the 
sa111 e d e pth as th e ca na l and is kept rilled with water until a sta l,l e 
condition is estab li shed in the soil surrounding the pit, the rate of 
seepa~e wi ll beco1ne practically co 11 sta nt and will ro ug hl y approxi -
lllate th e loss from t he ca na l. Th e rate will not be th e sa m e as 
t hat from the canal beca use the late ral rnove 111 e11t o r the water 
t hroug h the soil is less res tri cted in t he pit t itan in the cana l. (See 
page '.l 1.) 1\Iorcover , this 1n c thocl does not take int.o account th e 
e ffect of si lt d eposits in th e canal. The seepage from th e cana l 
may approach but wi ll probabl y n eve r exceed th e loss from the 
pit. D a ta obta in ed in this mann er a rc of limited sc ientific va lu e 
but th ey provide a m ea ns o f mak ing at least reaso nabl e assump-
tion s as to th e losses from n e1,· or proposed ca mtl s. 
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P robab ly the most accurate method of measuri ng the seepage 
loss from a ca nal is by obs rving the rate o[ drop in a pool formed 
by damming both end s o r a sect ion of it. T he onl y o bject ion to 
this meth od is that th e see page rate may be different in still water 
than in [l owing water. However, iJ there is a dillerence it 
is probab ly small in compar ison with the errors which the eng ineer 
ca nnot avoid when making seepage determinations by other 
methods. \Vhen this method is used , the length or sect ion may b,~ 
short or long depending on co nditions, beca use the length docs 
not affect the acc uracy o r the resul ts. T his is not the case when 
the loss is measured by the current meter meth od. In genera l, 
the grade of the canal will determ in e the length or the section 
cho en . ince the water in the poo l will be leve l, t he depth at th e 
upper end will depend on the length o[ th e section and the grade 
of the ca nal , and i i' the sect ion is too long th ere wi ll be consider-
a bl e d ifference in the de pth or water rrom one end to the other as 
well as in the width of the wa ter su rracc and in th e temperature o f 
th e w;1tcr. These varia tion s make it d ifficult to determ ine the 
true seepage. 

J\ sect ion between l\\'O checks in th e ca na l makes a sat isfactory 
pool , but because checks are usua ll y not water tight it is necessary 
to ban k earth agai nst them in order to make sure that there is no 
leakage. sually, however, it is necessary to build ea rth dams at 
each end o r the poo l, beca use checks or gates are not available 
where needed in th e sect ion to be tested . 

T he rate of drop in the poo l ca n best be measured by means 
of sca les or hook gages attached to stake's driYen in th e ca na l or 
by plumb-bob gages which meas ure the distan ce to the water 
surface from index points estab li shed on bridges or other struc-
tures. Beca use wi nd may ca use the water to pil e up in one end 
of the poo l, ;it least two gages sho ul d be used, preferab ly at the 
ends of th e pool. T he nu mber o r o bservation s each day wi ll 
depend on th e rate of loss from the pool. Ordinar ily read ings 
once or tw ice dai ly will be suffic ient , but i i' th e ca na l is seeping 
bad ly it may be necessary to take holll ly observations. The ti me 
of each observation should be noted. Because the cepage rate 
changes with ti me, th e measurements sho uld be made after the 
ca na l has been carr ying water long enough to stab ili ze condi tions. 
If the ca nal has not bee n used recen tly it should be kept fi lled 
for a day or more before the observations are started. Gains or 
losses from prec ipitation , eva poratio n and leaks should be measur-
ed as exp la ined previousl y. 
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The principal adva ntage of th is method is that it ma kes 
possible th e determina tion o f smal l losses much more accurately 
tha n ca n be done by th e inllow-outfl ow method. By length ening· 
the t ime between observat ions th e drop in th e water surface can be 
increased until it is la rge enough to be measured without appre-
cia blc error, and th is ca n be don e without in trod uci ng new errors. 
Depth measurements ca n be made much more accurate ly than 
discharge measurements and they are also mu ch easier to mak e. 
It shou ld not be inferred that seepage measurements on pools are 
free of errors. R esul ts frequentl y show considerab le variation , 
but such large discre pancies as a re often found in the losses 
determin ed by th e inU ow-o utfl ow meth od are se ldom , if ever, 
encou m ered. 

Perin emn ele rs 

Various types of perm ea meters ha ve been deve loped for 
measuring the perm ea bi li ty of so il s in th e laboratory, but most 
of them are not sui tab le for measuring the see page from ca nal s 
because th e conditi ons are not th e sa me. Such a dev ice consists 
of a cy linder fill ed with the soil to be tested , a supply reservoir 
which is connected to one end of the cy linder so that the pressure 
develo ped causes th e water to perco la te through the soi l, and a 
receptacle for ca tch ing the water tl1at passes thro ugh the soil. Gages 
are prov ided for measuring th e water pressure on each end of th e 
sample. The coeffi cient o f perm ea b ility is computed from th e 
length and cross-section of the sample, th e d ifference in head, th e 
quantity of water passing through, the temperature, and the time. 
Since the permeabili ty is affec ted by the arrangement of the soi l 
particles, it is importa nt that an undi sturbed sa mpl e of the so il 
be used in mak ing the te t . Thi is espec iall y important when 
testing the materi a l from cana l beds beca use the water carried 
usua lly deposits a laye r of impervio us silt or clay in the canal. 
Un less this layer remains intact in the sample being tested , the 
observations on permea bi lity will be erroneo us. To determine 
th e seepage from th e canal. th e pressure gradi ent in th e cana l 
must be kn own as we ll as th e permeabi li ty coeffi cient which is 
based on unit head and unit length of sa mpl e. Because the 
pressure varies From point to point in th e canal bed , measurement 
of th e press ure gradi ent is seldom a ttempted. The computation 
of eepage is based on the measured coefficient of permeability 
and an assumption as to th e pressure grad ient. Seepage deter-
mined by this meth od is obviously of un certa in va lu e. 
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Another method or determining the seepage with a penne-
a111 eter is to insta l I the permeameter (figure 1) in the bed ot 
tlte ca na l and then mea ·ure the seepage [rom the penneameter 
while the water is in the ca nal. T he drop in th e water leve l in 
the permeameter and the time and the head w ith reference tu 
the water leve l in the ca na l are o bserved and pl otted . From the 
curve draw n thro ugh th e p lotted points, the constants of the 
ge nera l perm ea meter equations (page 2 J) can be determined. 
Th e so lu tion of these equations for th e condi t ions when the water 
leve l in th e permeameter i t lt e same as the water level in the canal 
gives the rate of seepage through the bed of th e canal. A lthough 
pre liminary experiments with this permeameter yie lded incon-
sistent results, i t is be li eved that this device has merit. 

Water surface In canal 

zero seep 

Petcock 

Seepage cup 

Canal bed 

li~i ;..!lll'l' ·1.-~ecliu 11 ut' HCCJIHJ.!"l' l'IIP pcr111 c:1111 l'ter shuwi11g how it is i11 st:t lh•t1 in a 
cn11al .... \11 i1uprun.'. 1uc11t i11 desig n wuu ltl make th e tup u[ the seepa ge cup cuuica l. 



' 1 t-:<: II N ICA I. H LLET I, :i8 J 7 

A rece ntl y deve loped dev ice of thi s type (5) measures directly 
th e see page tha t is occurring th rough th e canal bed under the 
condi t ions ex ist ing at the tim e 
o[ test. Th is dev ice consists 
of a cylinder op <" n a t th e bot-
tom, which is pressed in to the 
canal bed , and a l'l ex ilil e rub-
ber reservoir, which is attach · 
eel to the top of th e cy linder 
by mea ns o f a hose. (Sec fig-
ure 2. ) Th e r ubber reservoir 
is kep t subm erged in th e canal 
so th at the pressure ca using 
seepage thro ugh th e so il in th e 
cy linder is th e sa me as tha t on 
th e ca nal bed. The loss is cl e-
termi ned b y ra ising th e rulJ -
ber reservo ir above the water 
surface and th en weighing it . 
From the elapsed t ime and 
the area of the cylinder th e 
seepage ca n read i I y be deter-
mined . This device seems to 
have considerabl e merit and 
it is hoped th a t sufficient com-
parative data wi ll be ava il able 
soon o tha t it will be possible 
to tell whether th e results ob-
tained are sufficientl y r elia bl e 
fo r general use in 1neasuring 
seepage losses. 

Water l'llet {. 
~ 0 

Scola for weigh,nq 
water 1n bo9 

- ··-- -

Wolet inlet (. 

0 
Volv, for air outlet ,,> 

ELEVATION AND SECTION 

Su paoe cup 

1,~igure 2.- Pcrm C>a meter dc,·e lopetl by 
:--·,a1i11il .v LalJuralory at Riversi de, Cali-
f11r11 ia . 

Th e varia bl e head perm ealll eter is a dev ice of this type 
adapted to the meas urement o f the perm ea bili ty of very tight 
soi ls. I t consists of a cy linder with a conica l top to which is 
a ttached a vertical glass tube of small diameter. The cy linder is 
pressed in to the ·o il to a kn own de pth and th en the whole appara-
tu s is Fil led with water. A · th e water seeps th rough the disk of soil 
in th e cylinder the wate r in th e glass tube drops. Since the 
cylinder is u suall y made with an area 100 or more times that of 
the glass tube, a small amount of seepage registers as a large drop 
in th e glass tube. The permeability K, can be computed from 
tl1 e in itia l and fin a l reading o f th e head in the glass tube (h1- hJ, 
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the time interval (T), the thickness of the soi l disk in the cylinder 
1, and the ratio of the area of the glass tube to that of the 

a 
cy linder - (3). The formu la 1s 

A 
al Ii i 

K = 2.3 - - log, 0 --

AT h , 

T his variable head permeameter when tested by th e Utah 
Agricultural Experiment Station (5) was found to be effective in 
measuring the permeability of very tight soils. The principa l 
difficulty encountered was the tendency of the cy linder to rise 
because of the pressu re exerted on the inside of the cylinder by 
Lhe column of water in the glass tube. To overcome this tendency 
a load was placed on top of the cy linder. 

The variable head permeameter measures the permeability 
but not the seepage rate. In order to de termine the seepage it is 
necessary to know th e hydraulic gradient of the flow through the 
ca nal bed. T his type of permeameter is suitable for com paring 
Lhe permeabil iLy of d ifferent soil s for use in canal lining. The 
permeameters previously described are better adapted to measur-
ing the actual seepage from canals. However, unti l more data 
are available indica ting the accuracy of th ese devices, the most 
certain method of obtaining r eliable seepage records will be to 
build a pool in the section of th e canal to be tested. 

EXPE RIMENTAL D ATA 

The experimental data for th is report were obtained from 
tests made in Cal ifornia and Colorado on seepage losses fro m lined 
and unlined ca nals and latera ls. Observa tions were also made on 
the losses from pits and trenches. The u se of permeameters in 
measuring seepage was investigated in a ttempting to find a 
simple and accura te method of determining th e amount of the 
seepage loss and where it was occurring. In making the eepage 
measurements on canals and laterals, the loss was determined 
either by noting the drop of th e water surface in a pool in th e 
channel or by measuring the inflow and outfl ow from a section 
of the channel with a current m eter. vVhere it was deemed 
advisab le, borings were made a long lines perpendicul ar to the 
channels to develop in format ion (or preparing ground-water 
profiles. The resul ts of these invest igations are presented in the 
followi ng pages. 
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SeejJage-C 11jJ P ermea111eler ExjJerime11/s 

Seepage from long sections of ca nal where th e losses are high 
can be determined with reasonable accuracy by means of current 
meter measurements, and the seepage from short sections of 
ca na l ca n he determined with precision by measurem ent of th e 
rate o f drop in poo ls, eve n in t ight so il s. H owever, when p la nning 
to line a canal it is necessary to know def initely where th e seepage 
is occ urring, and for this reason it ,rnuld be des irabl e if direct 
measurement of th e ra te of seepage could be made a t any point 
of th e bed or sides of the channel. Ne ither of the meth ods just 
menti oned is suitabl e for th e purpose. Th e perm ea meter referred 
to on page 16 and show n in figure I was deve lo ped to measure 
seepage under these conditi ons. 

As shown in fi gure I , this dev ice consists of a cy lindrical bell 
hereahe r referred to as the seepage cup, wh ich i fo rced into bed 
or side of th e ca nal, and a sma ll er cylind r ica l cup, wh ich is 
attached to a sta ke dri ven into the ca nal bank in such a manner 
that the cup will be part ia ll y snbmerged. A hose conn ects th e 
bottom of the small cup with the top of the seepage cup. A hook 
gage for read ing th e wate r leve l in th e small cup and in the ca nal is 
fastened to th e stake dri ven into the ca na l bank . The latter readi ng 
is obtained by opening the petcock in th e cup and a ll ow ing water 
From the canal to enter. A petcock is soldered to th e top of the 
see page cup to all ow entrapped a ir to escape. Th e d iameter of the 
sma ll cup should be l / 5 to 1/ 10 that of the see page cup in 
order to magnify th e see page so th a th e rate ca n be more accur-
ate ly measured . In th e eq uipm ent shown in fi gure I , th e ratio of 
the diameters was 1 to 6.6, the area of the small cup being 0.0129~{ 
square f'oot and th e area of th e seepage cup 0.5675 quare foot. As 
a r esult, the rate of drop is magnified approximately 44 t imes. 

T o determine the seepage from a ca nal , the seepage cup 
shoul d be carefu ll y fo rced into th e bed of the ca na l at the point 
chosen so th:it the mater ia l wi ll be disturbed as little as possible. 
Since a t ig ht sea l must be mainta in ed a iong the w:i ll s of the cup, 
it sho uld be fo rced straight down into th e bed and preferably 
shoul d be a ll owed to stand lo ng eno ug h for disturbed materia l to 
se ttle back into pl ace. II a ir should be driven o u t o r th e seepage 
cup before it is forced into th e bed , by inverting it under water. 
After th e seepage cup has been firml y seated, th e hose, which has 
prev io usly been l'ill ed with water, should be attached , as shown in 
figure 1. The petcock should be closed as soon as the hose has 
been a ttached and any air that may have accumulated has been 
a ll owed to esca pe. Jr all the connecti ons are tight, th e level in 
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the cup shoul d begin to drop imm ed iate ly. H it does not drop 
below th e leve l of the wa ter in the ca na l, leaks sho ul d be sus-
pected. Leakage is most like ly to take pl ace under the lip of the 
seepage cup, and wh en thi s occ urs careful tam ping aro un d th e 
sides will usuall y seal small leaks. H the leak cann ot be stopped , 
the cup sho uld be r eset. 

To de termin e th e see page ra te, th e water leve l in th e cana l 
is measured and th en wa ter is added to th e small cup un til the 
depth is about 0.1 foot above th e water level in the cana l. T be 
water level is read and th e rate of drop is carefull y measured by 
observing the time, with a stop watch, required for the level to 
drop definite distances, usually 0.01 foo t or less, un t il a level is 
reached beyond which the water will not fa ll. This is the e leva-
tion of zero seep. At t h is level the forces ca using seepage from 
th e cup are balanced by th e forces from o u ts ide th e cup tend ing 
to dr ive water into it. After this level is r eached , th e petcock on 
th e cup should be opened and th e elevation of th e water in th e 
canal again determined . 

Th e eepage th ro ugh t he area enclosed by the seepage cup 
and consequen t ly th e ra te of d rop in the small cu p, decreases as 
the eleva tion above the water surface in th e canal decreases. lt 
is equal to th e seepage from the canal when th e water in t he small 
cup is a t th e same level as that in th e cana l, beca use the wate r 
pressure on th e c mal bed in side the seepage cup is th en the same 
as tha t ou ts ide. 

This ra te can be fo und graphicall y by compu ting the average 
seepage ra te betwee.n success ive depths in th e cup and then pl ot-
t ing th ese values against the mean gage r eading during the 
interval. T he curve drawn through th ese po ints gives th e seepage 
rate for any gage read ing within th e limits covered. T h e va lue 
taken from th e curve at the gage reading o [ the level o[ the water 
in tt1 e canal is the seepage. However, i f th e level of th e ca na l rose 
or fe ll du ring the period of th e tes t, th e point wh ere the level i11 
th e cup and in the cana l were th e same can be found by p lotting 
the gage reading in the cup and th e gage readings in the canal, 
aga inst time. T h e desired gage height is where the res.ulting 
curves in tersect. 

T he seepage ra te can also be com puted by form ulas derived 
from the theoretica l relations between discharge, permea bility, 

and h ead. According to Darcy's law . Q = Kc.1A ~ (page 8) . In 
1 

the case of the seepage cu p pernieameter, h = (H - a) when 
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H = elevation oE water in small cup with reference to hook gage 
datum and a = eleva tion of zero seep measured from the same 
datum (figure I ) . The length of the column of material I, 
through which seepage is occurring, is equal to the depth of 
penetration oE th e seepage cup into the bed of tbe cana l. I£ th ese 
va lues are substituted in Darcy's formula, then 

(H -a)" 
Q= K.iA---. 

I 

Th e area of th e portion or th e bed of th e canal cut by th e seepage 
c: up is F , which is th e sa me as A in Darcy's formula. If F is suh-
s1·it11 ted for A, th en 

K.:iF 0 =-- (fl - :,) :ind 
~ I . 

·1· rr· . K . I . 1 f . KaF I 1 a new coe 1e1 ent 1s s11 )S litutec or -- t 1en 
l ' 

Q = K (H - a) ( l ) 

T he drop in th e wate r surrace 111 the small cup 111 ti me cit is 
clH and since the area is A, 

0 =- A dH 
,,_ d t 

Since Q is th e sa me in formul as ( l ) and (2) 

- A dH = K (H - a) . 
cl t 

(2) 

For conditi ons wh en th e eleva tion of the water surface Z in the 
ca na l remains constant a, th e e levation of: zero seep is a constant, 
and hy integra ting 

dH 
- A -= K (H - :i ) 

cl I 

tlw ronmil a 

t = 2.303 ~ ll og,o (H o-a) - log10 (H -a) ~ 
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is obtained. Then if Ks is substituted for 2.303 A/ K 

Ks = 2.303 A/ K 

and 

t = Ks[log, 0 (H 0- a) - log, o (H- a) ] 

The formula 

H o- a 
H =--+a 

10t/ K, 

is obtained by solving formula (4) for H. 
Differentiating (5) with respect to t gives 

dH 

dt 

2.303 2.303 
(H - a)=-

K, 
(Ho- a) 

I QI / I, , 

(3) 

(4) 

(5) 

(6) 

If tm equals 1/ 2 t11 and Hm is the corresponding value of H , 
then from equation (4) it ca n be shown that (Hm - a) is a mean 
proportional between (H o - a) and (H 11 - a) and therefore 

a =-------
H o+ Hn - 2Hm 

(7) 

Likewise, if the final values tn and H 11 of t and H are substituted 
in equation (4) and the resulting equation is solved for Ks 

tn Ks=-------------
log,o (Ho - a) - log, o (Hn - a) 

(8) 

The relation obtained by substituting the values of a and K. 
computed from (7) and (8) in (4) is the equation of the curve 
passing through the initial, fi nal , and midpoints of the curve of 
observations. 

By combining equations (2) and (6) and substitu ting for H 
its value Z, when the water in the cup is the same elevation as that 
in the ca nal, the cubic foot loss from the cup per 24 hours is 

? 303 0.01293 8c 400 ( 2572.8 ~ -· . X---X o Z - a)=--(Z-a) 
K, Ks 

(9) 
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where 0.01 293 is the area of the small cup in square fee t and 86400 
is th e number of sec.ands in a day. The loss in cubic fee t per 
square foot per 24 hours through th e disk inside th e seepage 
cup is then 

2572.8 (Z - a) (Z - a) 
Q,.=--- ---= 4534---

0.5675 Ks Ks 
( IO) 

where 0.5675 is th e area of the seepage cup in square feet and 0 ,. 
is th e seepage in cu b ic fee t per square foo t per 24 hours. 

T o compute th e seepage by equation (10) it is necessary to 
determine a, the elevation of zero seep, experimenta ll y in the 
lie ld or by substituting observed va lues of H in equation (7), and 
after a has been found , K, ca n be de termined by solving equation 
(8) . Equat ion (10) was derived on th e assumption that the 

water level in th e canal was constant, and for th is condition Z is 
the hook gage reading. 

When the water level in th e canal is r ising or fa ll ing whil e 
th e observations on th e seepage cup are being made, the eleva-
t ion of zero seep a lso va ries. Specia l equat ions m ust be derived to 
find the seepage under these conditions. Since seepage cup ob-
servations should not be made except when the canal stage is 
reasonably constan t, to simplify the deriva tion of the formula a 
uniform change of stage is assumed to take place between the 
initi a l and the fin al hook gage read ing of th e water level. The 
elevation of zero seep foll ows th e changes in the water surface of 
the canal and is a lso assum ed to change at a uni form rate which 
is th e same as th at assum ed fo r th e ca nal. 

On this assum ption, if a0 and Z0 are respect ively the ini tia l 
elevat ions of zero seep and th e water surface in the ca na l, and c 
th e rate of change, then at any ti me t 

a= a0 + ct and 
Z = Zo + ct. 

T he equations necessary to determine th e seepage from the 
exper imental data can th en be derived in a manner sim il ar to 
that previously explained . 

t = Ks[ log, o (Ho~ g)- log, 0 (H - g- ct) J 
where g = a0 - 0.434cKs 

Q = K (H - a) = A 2.303 ° - c l H o - o- f 
K, lQt/K. 

( 11) 

( l 2) 

(13) 
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H o-o-
H = - - ~ + g + ct, from equa tion ( 11 ) . 

I 0 1/ K , 
( 14) 

Differentiating (14) with r espec t to t g ives 

- dH = 2.303 l H o - g l _ c = 2·303 (H - g - ct) - c 
dt K, l QI / K, I K, 

( 1 !j) 
\Vh en t 111 = l / 2 t11 , H 111 - g - ctn, is a mea n proportional be-
t ween H 0 - g a nd H n - g - ctn . From which 

o·= ------
,-, H ., + Hn- 2H n, 

2 (H o - H rn) + Ct,n 
-------(cl 111 ) 

Ho+ H n - 2Hm 
( l G) 

(I' H 11 is substituted for H and t 11 ror t in ecptation ( 11 ) and th e 
equation is then so l vecl for Ks. 

K, = ------------ -----
log 11, (Ho - g)- log,o (H n - g - Cln) 

( 17) 

By multipl ying eq ua ti o n ( 1.S) by A and substitu ting Z = Zo + ct 
for H 

C u.[t.per24 hr.[rom cup = 2572·
8 

(Z0 -g)- lll 7c (18) 
K, 

4534 ~ Q ,. = -- (Zo- g)- 1%8, 
K, 

( 10) 

T o solve equa ti on (Fl) for Q,. the seepage rate , g is obta in ed 
from (16), K, from (17) and c is computed from the ini tial and 
fina l va lue o[ Zand th e tim e. ·wh en the water leve l in the ca na l 
is constant c equals zero. By substituting zero for c in the equa · 
tions derived for varying ca na l levels th e corresponding eq uations 
for a constant water leve l are obtained. 

The form of these eq uations is determined by th e fund amen-
ca l seepage theory based on Darcy 's law. It is assum ed that the 
observed data wil l con for m so th at when the equat ion is adjusted 
to fit th e initial , final and midpoint in time for th e determination 
of a , the e leva tion of zero seep, and th e initia l and fina l po int for 
the d etermination of' K,, th e specia l seepage coeff icient , th e re-
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maining portion of the data also will fit the equation . In genera l 
this was found to be true, which indicates that the theory was 
quite closely in accord with th e fac ts. The dev iations that did 
occur were such as would be expected from the un avoidable 
errors in the origina l data ca used by th e difficulty of eliminating 
small leaks and in ascerta ining th e exact t ime when the water 
level in the cup reached th e poin t of th e hook gage. 

(NOTATION) 

The symbols used in the derivation o r th e equations for 
computing the seepage from seepage cup observations are defin ed 
where first used. They are assembl ed here for convenient 
reference. 

H = elevation or water surface in fee t in sma ll c11p reck -
oned from hook gage datum. 

H 0 = in itia l va lue of H . 
a = e levation of zero seep in f'c c1· refer red to sam e datum 

as H . 
a0 = va lue of a when H = H 0 • 

Z = elevation or water s11rl'ace in f° t'N in cha nn el refe rred t·o 
same datum as H . 

Z0 = value of Z when H = H 0 • 

t. = elapsed time from observation of H" in second s. 
t0 , tn and t111 = initial , fin a l and mean val ue of t, respec-

tively. 
c = rate of change of a or Z. Computed from observa tions 

of: Z and t and assumed uniform for period being con-
sidered. 

A = 0.0 1293 sq. ft. area of horizontal sect ion o f small cup. 
F = 0.5675 sq . ft. area of horizontal sect ion of see page cup . 
1 = depth of penctra tion of seepage rn p in to bed of can a I 

in feet. 
Q = volume-time rate of seepage through disk o f so il und er 

seepage cup. 
Q,. = computed rate of seepage from chann el, in cu. ft . per 

sq. ft. per 24 hr. 
F 

K = a seepage coeffic ient = - K,1. 
I 

K.i = Darcy coeff ic ient. 
K, = 2.303 A/ K, a coeff icient int rod uced to sim plify equa -

tions. 
g = ao - 0.434c K,, a symbo l introd uced to sim plify equa-

tions. 
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Computation of seepage from the seepage cup data requires 
care beca use th e formulas are com pli cated and some o f the quan-
tities in volved are small. For this reason the slide ru le is not 
sa tisfactory for the work. Exa mpl es of the computa tions by the 
formul as and by the graphica l method are included here to how 
the p roced ure and to compare th e results. 

The da ta obtained from one series of observations on the 
East Branch of the Alta Canal at Dinuba, Cali fornia (pages 77 and 
78), are given in tab le 2. Pertinent data derived from the obser-
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vations are also included . The plot of the time and hook gage 
readings, wh ich indicates the rate of drop of the water surface in 
the sma ll cup, is shown in figure !3 . The line showing the change in 
level of th e water surface in the canal is p lotted to the same sca le 
on the diagram. Since the time between the initial and final read-
ing of the water level in th e ca nal is 69 minutes or 4, 140 seconds 
(ta bl e 2), and the rise in th e water surface is 0.030 foo t, the value 

0.030 
of c in th e formu la Z = Z0 + ct is -- = 0.00000725. The 

4, 140 
intersection of the two lines is the point where the water levels in 
the cup and in the ca nal ar th e same. In this case the gage 
height at the intersection is 0.362 to th e n earest 0.001 foot . Since 
the tota l time th e d rop in the cup was observed is 1,879 seconds 
(table 2) , th e gage heigh t l--1 111 at the midpoint of tim e, which 
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must be de term ined bdore the formulas can be solved , is 0.327 foot 
as shown by the time-hook gage curve. 

The data required for solving the equati ons are then as 
follows: 

C = .000007 25. 
Z0 = 0.363 [t. 
H 0 = 0.360 ft. 
H n = 0. 300 ft. 
to = 0. 
ln = 1,879 sec. 
tm = I/2 t11 = 940 sec. 
H 111 = 0.327 ft. 

TA BLE 2. Observed data r111d /!ertiue11/ derived values fro m seepage cu/1 
ex j1erimen l on East Branch of A /ta Canal, D inuba, California. 

l t~lpvation o( wal <' r surface in Average 
C up l':111a l seepa ge 

rl'ime lcl:l psetl W atc h pe r sq. ft. 
Series Ollservecl Co1 11 p11tt>tl Ohsc ,·,·ecl interval time tim e• per ~+ h r.;_ 

!Pool l•'ool l•'oo t Seconds 8\"COlldS C u . ft. o.:w2 4:Hp.m . 
1 11.:lOO O.~G-00 4 :f",0 JI . Lil , 
2 .:mo .:l505 2fi(j 2W 0.0770 
a .:l40 .34-02 270 535 .0710 
4 .:l30 .~298 3U 847 .0631. 
5 .:110 .311)5 32G 1173 .0605 
fl .:J lO .~002 348 rn21 .0567 
7 .300 .2!)!)5 358 1870 .0550 

. 392 5:56 p. m . 

In this probl em, the leve l of the water in the ca nal is n s1ng-
and th erefore equation (16) 

2 ( H 11 - H m) + Cl m 

IT = -------t, (Cl'111) 
H o+ H 11 - 2H11, H " + H"-2H rn 

will have to be used to rind th e e levation of zero seep. When th e 
va lu es g iven above are substituted in the equation 

O' = t, 

(.:360) (.300) - .'.327" 

.%0 + .300 - 2 (.32 7) 

2(.360- .327)+ .00000725(940) 

.360 + .:lOO - 2 (.327) 

X .0000072!l (940) = .178 - .083 = 0.095. 

After g has been deLermined , K., can be obta ined h y sub-
stituting the known values in eq uat ion (17), 
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tn 
K, = ----------------

Jog, o (H 0 -g)- log ,o (H n - g - Ctn) 

1879 1879 1879 
---= 13220 

.360 - .095 log,0 1.387 .14208 
log10-------------

.300-.095-.00000725 ( 1870) 

Eq uation (19) 
4534 

Q,. = --(Z0 -g)- 1968c 
K, 

ca n now be so lved for Q,., the seepage rate, by subst itnting· for IC 
Z0 , g and c th e va lues previous ly determined , 

Q,. = --- (.'.Hi '.l - .OCJ!'i) - 1 %8 (.oo·ooonr,) 
I :3220 

= .O!Jlq - .0 14:l = 0.077/i rn. f1. per sq . ft. pe r 24 hr. 

As previously stated , the der iva ti on of the formul as nsed in 
computing the seepage from the seepage cup observations is based 
on -the assumption th at the drop of the water surface in th e cup 
fo ll ows certain fundamental laws. Then if th e ob erved data fit 
these formul as it is reasonab ly assured that the ass umption was 
correc t. T he equat ion or the tim e-hook gage curve derived on 
this basis is 

Ho- g 
1-1 =----+ g+ ct 

] 0 1/ K , 

and ii: th e theory is correct, the va lues of H computed by this 
formu la sho uld check the observed va lues of H. How closely they 
agree is shown in tabl e 2. In no case is th e deviation as much 
as 0.00 I foot. 

To f'incl th e see page rate by the g-1aphi ca l meth od , th e average 
ra te of loss in cubic fee t per square foot per 24 hours for each 
interva l, is computed from the obse rved data . These values are 
given in tab le 2 and show n pl otted in figure 3. The data are 
plotted to the same t ime sca le on the abscissa as the ti me-hook gage 
rnrve, bu t the ord inate sca le is changed From gage heigh t in feet to 
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see page in cubic l'eet per squ are l'oo l per 24 hours. Since L11 e 
seepage rate during each interva l is the average ra le for Lhe 
interva l, i t is pl otted a t th e midpoin t in t im e. Since the in ter-
sect ion of th e tim e-hook gage cu rve wi th Lh e line showing the 
change in cana l leve l determines the tim e and the gage height 
when th e level in t he cup is th e same as that in the canal, the 
seepage from the cup und er th ese conditions is the same as that 
from the cana l. It is found by r ead ing th e seepage rate from th e 
seepage curve at th e point vertically below this intersection . In 
this case th e seepage ra te is 0.0815 cubic fee t per square foot per 
24 hours. The rate computed by th e formul a is 0.077 6 cu bic fre t 
per square foo t per 24 ho urs, which, in view of the small ra te of 
seepage, is considered a sa ti sfactory agreement. A cl oser check. 
woul d probabl y have been o btained if the intersections it ad come 
on the curves within th e limits of the observed data, as woul d 
norma ll y occur ii' the initia l leve l in th e cup had bee n a bove the 
water sur face in th e ca nal. 

Additional experimen ts were conducted with the seepage cup 
at var ious places in California to test th e effectiveness of the device 
in measuring seepage. Th e resul t o r these experim ents, com-
puted by the formulas on pages 21 to 25, are summarized in 
tabl e 3. 

Two series oE experi ments were cond ucted at Livings ton , 
Cali fornia, on an old la teral o f the M erced Irr igation Distr ict, 
which is located in very sa ndy soil class ified as Oakley and Fresno 
sands, undi ffe rentiated . In the firs t ser ies of observa tion s, the 
seepage cup was insta lled in the bottom of the la teral and in the 
second series i t was installed on the side of th e la teral below t he 
water's edge. Th e tests showed that th e seepage from th e bottom 
of the latera l was co nsistentl y greater th an th at from th e bank, but 
th e rates were much less th an were anticipated in view of the 
sandin ess of the so il. vVi th one exception, th e tests o f each series 
gave reasona bly consistent results. T he seepage de termined from 
th e lirst test v i' th e se ri es made in t he bottom of the latera l was 
defini te ly lower th a n th e oth ers. No reason was apparen t for this 
difference becau se the conditions remained the same as n earl y as 
co ul d be determin ed. 

Observations on seepage from th e East Bra nch Canal o[ th~ 
A lta Irrigation District n ear Dinu ba , Ca li fo rnia, were made wi th 
the seepage cup insta lled in th e bottom of the canal. T he bed of 
the canal, which was abou t 25 fee t wide, was sa ndy and was under-
la in with hardpan at a dep th of 4 or 5 feet. T he seepage rates de· 
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TABLE 3. Surmriary of resu lts of see/wge cu/1 penneam eler obse rvat ion s. 

Cu lllpu tc cl seepage 
pe r sq . f t . pe r 

Luca t io11 Di s lri t"t ( ' h.11111(') ~I:, l,• r i:il Spl ti 11g 24 hr .. 
'l'cR t T es t T es t 
.'i n. 1 N o. :! J\" o. 3 
('11 . fl. Cu.ft. Cu .ft . 

I Ji,·ingsto 11 Me rced La l e ra I Saud Bollo m 0 . 1(17!) 0.2044 0.2055 
Liv"ing t o n Me rced Late ral Sand Sid e 0.08!)5 0 .0714 0.1111 
Dinuba Alta Bas t Rr:111d1 Sandy loa m Bottom 0.(l-1 2 0 .0436 0.0520 
Di nuba A lta l~nst Hrnn (' h Sanely loam Bollom 0 .0776 0.0766 
Hc<l Andcrs,,n ( : rccn C: r :wcll.,· Bottom ().1 G 

Bluff Cottonwood Lateral Jon m 
Davi s U nivC' r sit y Lal e ra I ." ·111d y loa m B otto m :!Al 4 .~l 5.(H 

F a rm 
na ,·is U nin:•rsit y Lal Pra l S: , 11d y loa m Holt,, m 1)$)5 

Farm 
Davis Uni,·er s ity Late ra l S:i 11dy loam Bot torn 11. 1:,7 

J-!--, arm 

1 OIJscrnlt ion s r esull t•d in data w11i (' h yiti ld 110 so lution IJ y ror111ula s. 

termi ned by substitu ting th e observed data in the form ul as were 
very small (table 3), which confirm s the results of th e current 
meter measurements prev iously made on this ca nal when it was 
fo und th at the losses were so small th at they co uld not be detected 
by current meter gagings. (S e ta ble 9.) T he econd serie oE 
observations at Dinuba, al th ough taken under iden tica l conditions 
except that 24 hours had ela psed since the previous obse rva tions, 
howed a definitely higher rate of seepage. A simi lar increase in 

the rate with time was observed in th e exper imen ts a t Livingston. 

C urrent meter measurements on a portion of the Green 
Latera l of th e Anderson-Cottonwood District nea r R ed Bluff, 
Cali forn ia, disclosed a seepage rate o( over 5 cubic feet per square 
foo t per 24 hours. (See table 9.) T he lateral was excava ted in a 
gravelly loam and there were visib le indications of seepage. Ob-
servations with the seepage cup at a point in the upper end of the 
lateral showed a loss of onl y 0.186 cubic feet per square foot per 
24 hours. This extreme va ri abi li ty is expla ined by the fact that th e 
seepage cup measurement were made in a section where there 
were no visible indicat ions o[ see page. F urtherm ore, pools in the 
ma in canal in the same gravell y loam were fo un d subj ect to prac-
tica ll y no loss from seepage. 

Several se ries of observa tions were made with the seepage 
cup on a latera l a t th e U niversity Farm, Davis, California . This 
latera l, which was suppl ied by a pump, was excavated in Yolo 
sa nd y loam . The resu lts of th e first series of measurements 
(table 3) are of the same order of magnitude, but the increase in 
the rate with tim e is ev ident a lso from these observations. The 
seepage rate determined by the seepage cup agrees reasonably 
well with th e direc t measurements from the trench on t.h e co ll ege 
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grounds (tab le 5) . Th e trench was excavated in a somewhat 
heavier soil classified as Yo lo cl ay loam ; th e difference in soil 
wou Id, however , be overshadowed by th e fact th a t the la teral had 
been in use fo r a number or years. vVh en the eepage cup was 
reset a much lower rate of loss was found , and wh en th e seepage 
cup was moved a second tim e, a rurther decrease occurred. 

T he las t series of o bserva ti ons was duplica ted and in this case 
th e water level in th e cup wou ld not fa ll be low th e water level in 
th e latera l. This led to th e concl usion th at air was rrapped in 
the hose. Since th e e leva Lion o r zero seep is usually onl y a short 
distance below th at o l: th e water in the can al, a small amount of air 
in th e hose would resul t in entire ly erroneous readings. For the 
sam e reason it can be assum ed th at entrapped air caused the ap-
parent drop in the seepage rate shown by th e second and third 
series of o bservaLions. 

A lthough th e res ults o( th e seepage cup experiments were 
not conclu sive, it is be li eved th a t this dev ice has meri t and if 
grea ter ca re had bee n exercised in ge ttin g th e air out of the hose 
and seepage cup before starting o bservations, more consistent 
resu lts wo uld have bee n obta ined. Making th e seepage cup with 
a conica l top wo uld help avo id trapping a ir. Seepage ra tes deter-
mined by see page cup o bservations should be checked again st 
seepage measurements by other means where possible in order 
to find out wheth er th e results are accurate. 

I M PE RI AL VA LLEY TRENCH AND P1 T EXPERI MENT S 

The o bserva ti ons of some engineers an d irriga tors have led th em to bel ieve 
that the seepage through th e sides of a ca nal is generally greater th a n through 
th e bottom. I[ this be tru e, a considerable sav ing in the cost o[ lining large 
ca na ls could be ach ieved because it would not be necessa ry to lin e the bo ttom 
o f th e cana l whi ch comp ri ses a la rge port io n o f th e perim eter. No feas ible 
method of measuring the bank a nd bo ttom seepage from a ca nal independ-
entl y has been per fec ted, b u t it was t houghr th a t if measuremen ts could be 
mad e o r th e seepage from a seri es o r p its a nd trenches in th e sa me type o l 
so il a nd differi ng onl y in dim ensions, mathematica l r e la tio ns coul d be d eve l-
oped wh ich would make it poss ibl e to segrega te th e bo ttom and sid e seepage. 

Sin ce th e seep age near th e corn ers o f th e pits and trenches would be 
d i[feren t from that th rough th e sides, th is effect was elimin ated by making 
the pits sq uare in pl an with the sides an d d ep th eq ua l to the wid th and 
depth of the correspond in g trenches a nd th en subtrac tin g th e pi t see page 
from the trench seepage. Th e qua nti ty rema ining wou ld represe nt th e 
seep age from th e sides and bottom un affec ted by th e corn ers. The trenches 
were of different lengths and wid ths, bu t t he dep ths were th e sam e except in 
o ne instan ce. Co nsequentl y, fo r some o[ the trenches the bottom area was 
greates t a nd fo r o thers the side area was greates t. 
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The tre11tl1es a11d pits were seaso11 ecl by keepi11 g them rilled with water 
u11til th e seepage rate became rair ly constant. Arter conditio ns beca me 
stab ili zed , seepage observations were made by noting th e time required for 
a measured quantity o[ water to srcp out or th e trench or pit. As previously 
me11tio11ed, the seepage rrom each p it was subtracted from the corresponding 
trench. The remai11i ng· ~eepage represe11ted the uni t rate o f seepage through 
the sides, tim es the area or the sides, plus the unit rate o f seepage through 
the bottom o[ the trench , times the area of the bottom. This relation was 
ex pressed i11 a 11 equation in wh ich th e seepage rates were the unkn owns. 
Similar independent equ ations were form ed for th e trenches o[ other widths 
a nd length s. Since there are o nl y two unknowns-the unit rates or seepage 
through th e sides a nd through th e bottom- th e equ ations were combined by 
add itio n to make the 11u mber o r equat ions eq ual th e number o[ unknowns. 

l ~igU L'C 4.-'11 r c 11 chcs i11 11.ull\·itlc silt y 
cla.r lua111 uea r F. J Centro, Ca lirorui a. 

On e series of pits and trenches 
was excavated in a moderately 
heavy soi l o n a tract o[ la nd about 
1 miles west o r E l Centro, Califor-
n ia. T his soi l is classified as Holt-
vi ll e silty clay loam and is underla in 
by a somewha t lighter tex tured so il. 
Figure 4 shows the trenches in this 
tract. A11other series o [ pits a nd 
tr nches was excava ted in sandy 
soi l on a tract about 3 m il es south-
west of E l Centro. T his soil is 
classified as Meloland fine andy 
loam. The underl ying material in 
this case is a heav ier soi l. The 
same procedure was fo llowed in 
making th e observations on seepage 
[rom th e different so ils. 

The total seepage per 24 ho urs 
was computed for each tre11 ch and 
pit fro m the ra tes duri ng the period 
of th e test a nd the seepage from 
each pi t was subtracted from the 
corresponding trench. The remain -
der, wh ich represented the seepage 
[rum the trench without th e ends, 
was used in th e seepage equations. 
After the equations were combined, 

the bottom and side seepage was compu ted by solving the equations. These 
unit rates were multiplied by the areas of the bottoms a nd sides of the 
trenches exclusive or th e ends. T he sum o[ these products fo r each tre11cl1 
should eq ual the observed seepage [or this port ion of the tren ch. A sum-
ma ry of the results is g iven in table 4. 

Although the observed a nd computed ra tes were in close agreement, in 
the H o ltvi ll e silty clay loam the side seepage exceeded th e bottom seepage, 
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T ABLE 4. SumT1tary of results of tests to determine bottom and side seejJage 
from tren ches in medium and ,andy soils. 

H o ltv ille si lty c lay loam Melolancl fi ne san el y loam 
T r ench Trench 1'rc 11 ch Trench rr rcnch '.rrench 

l)j III C l l!-.ii() IIS No. l No. 2 No. :1 No . 1 No. 2 :'.'\ 0 . :1 
Lr 11 g- th (fl.) 10 Ill u 5 ti 5 
Wid t h (fLJ fl .fill 1.fifl7 O.!iS:l 0.fi04 0.604 1.667 
Depth of w ater (ft.) 0.11.!7 0 .fil!l 0 .f\4(; 1.2?)7 O.fiH 0.637 

( 'o nd it iQns 
Ohsen ·ccJ tol al scc p:i i;c 

(,·u.fl. Jtt• r .!4 hr. ) !>.!,:: 17.1;4 !";.2G 10.! lfl (i,fi7 rn .111 
Co mpu ted seepage s iLl~s 

(cu.ft. pe r sq.ft. pc t· 24 1, r. ) 11.402 11.4'1~ 0.4 11~ fl.7 1 0. 71 0. 71 
Com puted seepage bottoms 

(cu .ft. pe r sq.ft. pc t· 14 h r .) 0 .!;48 0.f\41; o .r;4i; 0.4 7 0 .47 0.47 
Co m p uted sccpap:<' s id ~s a 11d 

boHom (c u.ft. pe r 24 h r. ) 
(cuds e li minated) ;;.4u:, 1:1.!! J(j :UJ:!fi k.!J:; G.G7 ~,.GO 

Ohscn·Nl seepage encls <'iimi11all"ll 
(en.ft. 1w r 24 h r .) x.rtt:; 1:t:!l:i ::.~:!:: K;;11 :i.Hfi G.5~ 

wh ereas in th e Me lo la11d fin e ,a 11d y loam th e reverse was true. This dil fc re 11 ce 
ma y have bee n du e to the cl ifl'erence in permea bili ty o f th e so il s or m igh t hav'~ 
resulted from differe 11 ces in th e underlyin g stra ta. T he materi al removed 
fro m th e excava tions appeared to be qu ite uniform , and contrary to expecta-
ti ons, the bottom rate exceed ed th e side ra te where the heav ier substra tu m 
occurred. H owever , th e ra t io o[ side seepage to bottom seepage obta ined by 
this method o[ segregation could be changed by using a different combinat ion 
o f trenches and pits in computing the results. T his fact is probably clue to 
differences in the unit ra tes o f seepage from th e trenches and pits, even tho ugh 
th e excava ti ons were i11 ma teria l th at ap peared to be uniform . fo r th is 
reaso 11 t he ma th ematica l method o[ segregating sid r and bottom seepage was 
aba 11 do ned i11 favor o[ a direct 111 ct hod whi ch is d escribed 0 11 pages 33 to 40. 

D AV IS TR E ' CII EXPERI MEN' l s 

111 prepara tio 11 for ex perim ents a t Da vis, Ca li[orni a, to d e termin e the 
difference betwee n side and bottom seepaj:(e, two trenches were dug in the 
experimental plo ts on the west side o f th e Agri cul tural Coll ege ca mpus. T he 
trenches were excavated along th e sa me centerlin e and the ends were sep-
arated by an interval of 5 feet. Each tre 11 ch was 5 feet lo ng, 2 feet wid e a ntl 
littl e more th an 2 fee t deep. The so il in th e area is Yolo clay loa m. Figure 
5 sho ws the re lat ive loca tio 11 s of these trenches and the ta nks from wh ich th ey 
were suppli ed with wa ter. The trenches we re di vided into compartments 
by mea ns of meta l partitions so as to permit th e measurement, separately 
from each oth er. of th e seepage from the middl e 2 feet o f length of th e 
bottom. th e midd le 2 fee t of length or th e ~ides a 11d th e end sect ion s. fi gu re 
6 shows th e d eta ils of th e meta l partitions. 

The wa ler surfa ce i11 a ll cornpartm e11t, o f th e tre 11 ch was mai 11ta i11 ed a t 
th e d es ired eleva tion liy mea ns o f th e Ma riotte co11tro l ap para tus shown i11 
fi gure 7. Vari a tions o[ from 011 e to two hundredths o f a foo t, whi ch occurred 
at tim es, were corrected as soo11 as o bserved by adjusting the control appar-
a tus. T rench No. J was not used in makin g tes ts, beca use it was fo u nd 
duri11g prelimin ary o bserva tions tha t excess ive leakage was occurrin g through 
holes tha t d eveloped in the bo ltom of the trench . 
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Fi:;11n· ::i .-TrP11<·h£'S nncl eontrol :1p paralt1 .-i for lllaintaining c·o 11 sta11t t• lt• \·atin11 of 
water s11 rf:1 n• in <·0111p:1 r t 111 P11ts of lrenC' ll t•s, Dn\'is. ('a lifornir... 

Prior to begi nning observat ions on th e seepage from trench No. 2, it w;,s 
seasoned by ma inta in ing the wa ter at th e depth proposed for the seri es o f 
observations until the seepage ra tes became fa irl y constan t. During th e 
cons iderabl e in tervals o f time between seri es of obse rvatio ns, the trench was 
covered so th at its botlom and verti cal surfaces did no t dry out. 

Er,FECT O F T1~11, OK S EU'AGE FRO ,\ f TRF NC II 

Severa l seri es of tes ts were made when th e water in th e trench was 2 feet 
deep to determin e whether th e seepage was constant or va ria ble. These 
tests were made in farch a nd Ap ril. lt was fo und th at the seepage from the 
bottom compartment d ecreased as t ime went on , whereas th a t from th e side 
compartm ents increased. T he tota l seepage a lso increased. The rate o( 
, eepage in cubi c feet per sq uare foo t of we lled area from the sides was con-
sistenLl y greater tha n that from th e bottom. That th e seepage from th e 
bottom should decrease with time was to be ex pected because o f th e accumula-
tion of silt on t he bot tom , and as th e seepage from th e bou om d ecreased. th e 
eepagc from the sides should in crease to wme extent beca use of decreased 

re, ist<1 11 ce LO now towa rd th e reg ion und er th e tren ch . Sec pages 31 a nd 32. 
1t was not appare nt, however, wh y the to ta l seepage should increase with 
ti me unl ess it was th a t th e movement o f the wa ter through th e so il di ,so lved 
entrapped a ir a nd in creas<'d th e passagew:1ys for th e water faste r th a n th :-y 
were cons tri cted by th e swelling o [ th e so il. Some vari at io n in th e ra tes 
occurred from hou r to hour, but these differences were not great eno ugh 
to obscu re the ge neral trend . Observation ~ of seepag·e a t a d epth of I foul 
, howed a lso th at th e side seepage was grea ter than th a t from th e bottom. 

EFFECT O F D EPTH ON SEEPAGE FRO~ l T RENC II 

Another seri es of obsen ·a ti ons was mad e: to determin e the effect of d epth 
of water o n the seepage. These tes ts were made in J a nu ary o f th e fo llowing 
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V4 Inch glo u tube 
Rubb.r 1topp1r 

Air ti g ht 
90 111anl11d t onk 

Aulllh:1ry 10,1 conhot opporo1111 

IV2. Inch 910 11 tub, 

CO NSTANT l[V[ L WA T[ .. 
CONTROL APPAR ATUS ,oR SEEPA!i[ 

IUASU .. [ M[NTS 

W• l • r MM'fHI • Ith euJCUle,7 control 
•,, .,.,.,. D1tt14 llr,e 1ho•1 wottr 
l1u l wflu nalllery control 
•PP •reh l h not In 11 11 , 

SEEPAGE PIT 

J.•' ig 11re 7.- ~:\•c li ou of cuust:i11 t lc\' el ~t:u nlrul apparatus i11 sla 1lcU un u11e of Uw 
t rl' llt'hes at Duvis, California. 

yea r. In thi s seri es the seepage from th e c11ds, sides, a nd bollom wa s measured 
by mea ns o[ the ap paratus prev io usly d escribed. M eas urements o[ th e seep-
age were made whe n the d epths in the trench were 2 fee t, 1.5 feet, J.O foot, 
0.5 foot and I inch or 0.083 root. T he surface of th e water in a ll part, o[ th e 
trench was kept a t the same elevation by mea ns of the control apparatu:; 
except when th e d epth was I inch. For th is condition the level was ma in -
tain ed by regu la ting th e fl ow into th e cli[[crc11 t parts o [ th e trench by mea ns 
o [ va lves. T he a utom ati c co ntrol apparatus [a iled to [un ction satisfactoril y 
beca use o[ lea ks in the hose co nnection s caused by th e high vacuum required . 
The tes ts 0 11 e[[ect of d epth were mad e about !) mon ths after those first 
reported and some sloughing o f th e walls had occurred. The trench was 
kept covered during periods when not in use a nd before this ser ies of observa-
tio ns 011 seepage was started , it was seasoned by being kept fill ed with water 
for about a day. The l'irst observat io ns were a t th e 2-root depth , and at th e 
conclusion o[ these tests th e water level was lowered by succcssi vc hal [-foot 
steps, unt il a depth o[ 0.5 foot was reached . A[ter co111p lcti 11g the o l>scrva tions 
at th e 0. 5-foot. d epth , th e d epths were in crca,cd by hall'-f"oot steps un t il th e: 
2- foo t depth was aga in reached. Fin al ly the wa ter was lo wered unti l o nl y a11 
inch rc111ai11cd a nd the las t series o[ observat ions was 111 adc at t h is d epth . 
Each series o[ observat ions lasted from 3 to 6 ho urs. The entire seri es 
covered the period from J anuary I J to JG in cl usive. 

The results of th e obsen ·ations arc se t out in table ti, whi ch shows tota l 
seepage for 2'1 hours from each part of the tre nch as de termined from the 
m ea n ra te durin g the time ol each test , and also shows the unit rates for the 



TABLE 5. Rates of seepage from compartm ents of Davis, Calif orina, Trench No. 2, with various equal depths of water. 

Seepage pe r 24 hours 
Depth Cnregory Bottom ,:;des ,T est encl F.ast end T ota l ends 'l'otnl tre nch 

Cu.ft . Cu .ft. Cu.fr. Cu.ft. Cu .ft. Cu.ft . 
Ft. Cu.ft. pe r Cu.ft. pe r Cu.Ct. per Cu.ft. per Cu.rt. pe r Cu.f t. per 

sq.ft . sq .ft. sq.ft. sq. f t . sq. rt . sq .ft. 

'.? .00 Down 28.07 20.56 -!-0.5! 107.71 148.25 205.88 
U p 25.76 32.98 48.97 70.03 119.00 177.H 
:lfea n 2G.92 6. 73 31.27 3.91 44. , 6 3.H 8S.S7 6.S2 133.62 5.14 191.81 5.04 

1.JO Down 21.91 23.79 34.13 54.92 89.05 134.75 
rr 21.04 '.!3 .07 41.57 28.95 70.53 114.G-I 
.\l enn 2U8 ;;.37 23.43 3.91 37.86 3.60 41.04 3.09 79.70 3.SO 124.70 4.0'.! 

1.00 Down 15.04 10.77 2.55 26.68 29.23 55.04 
t;p 14.32 9.57 8.84 26.32 35.16 59.05 
:lfean 14.68 3.67 10.17 2.54 5.70 0. ,1 26.46 3.31 • 32.20 2.01 57.04 2.38 

0.50 Down S. 15 2.S-t- 4.20 :i.11. n.31 20.30 
Up - - - - -- - - - - - -:l[ea n -- '.!.04 -- 1.42 -- 0. 7G -- 0.93 -- 0.85 - - l.19 

O.OS3 D own •t.22 n.45 1.SO 1.00 '.!.SO 7.4 7 
U p -- -- -- -- -- --
.\lea n -- l .OG -- 1.35 -- 0.53 -- 0.20 - - 0.H -- O.fi7 
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Fig-ur<' .-Eff!'cl of tl !'plh of wnl f' r ,,n fi<'f' png-e in rliff('l'Pnt pn r ts o [ trf'nch nt 
Da\·is, Ca liforn ia. 

different parts o [ the trench. The d ata arc shown plotted in figure 8. During 
these tests th e ra te of seepage from the bottom of the trench exceed ed that 
from the sides a nd th e ends at each depth by a significa nt amount whi ch 
was contrary to the findin gs prev iously reported. lt a lso exceeded th e average 
ra te for the whole trench. Since the bottom ra te did not change ma teria ll y 
a nd th e rate from the sides d ecreased , it was evident that th e chan ges in the 
trench th at ca used the reversal in th e bottom and side-seepage rates must 
have occurred in th e sides. Some wea thering. no doubt, wok place durin½' 
th e 9-month period that th e trench was not £illed with water, even though 
it was covered a ll the tim e, but why thi s sho uld reduce th e seepage from the 
sides was not apparen t. Actuall y, the ra te o[ seepage from th e sides sho uld 
have bee n less th a n that from the bottOm beca use th e average head ca using 
the seepage was less than that on th e bottom_. The true head ca using the 
seepage, represented by th e difference be tween pressure or the wa ter in the 
compartment and the pressure o[ the water in the so il , wa not measured . 
When th e seepage was compared with th e average depth , the side seepage 
was show n tO exceed that from the bottom. 

At th e 2.0-fool depth the seepage rate per square foot from th e sides 
was identi cal with that al 1.5 fee t a lthough the total seepage was grea ter. 
The increase was in proportion to the increase in area and consequentl y the 
ra te per unit area remain ed th e sa me. The hourly rates during th e observa-
tions at the 2.0-foot depth showed the same trend. H lea kage took place into 
th e side compartments from the bottom or ends, th e amount must have bee n 
sma ll beca use the water in a ll compartment; was maintained a t approximately 
the sa me level by the l\fariotte co ntrol apparatus. T emperature ma y have 
had some influence because it was cold enough at night to freeze th e gage 
glasses a nd the hoses on several occasions during the period these observa-
tions were being made. The surface o[ th e ground prob,1bl y froLe also, but 
this fa ct was not reported . In a ny eve nt, the ground to an appreciable 
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d epth must have been cold . Such a condi t ion would have reduced the eep-
;ige in this a rea mater ia ll y and it would a lso reduce the seepage from the encl 
a reas . T he effect here, however, woul d be o bscured to some ex tent b y the 
seepage from the portion of the bottom of th e trench inc lud ed wh ich wou ld 
not be a[fec ted by the temperature . 

EFFECTS OF UNEQUA L DEPTHS OF \ i\lATER ON SEEPAGE 

A seri es of o bservat ions was m ad e on the seepage from th e compartments 
of Trench No. 2 when the dep th in th e central compartmen t was 1.5 feet anJ 
2.0 feet in all other compartm en ts. These tes ts were made in J an uary immedi-
a tely fo llowing those a t va rio us d epths. The resu lts are set out in tab le 6. 
Altho ugh the total amounts from th e differen t parts oE the trench varied 
according to the difference, in area, th e rares per square foot o [ wetted surface 
were in surprisingly close agreement. This [act, however, is not significan t 
beca use th e average head o n the sides, bottom, ends and whole trench was 
no t the same as th at on the bottom compa rtment. Furthermore, this com-
pari son doe, not ta ke into accoun t th e fact th at th e press ure in the so il 
changed when the depth in the center compartm ent was d ecreased. The 
rates for the di[[e rent pans of th e trench, based o n th e hourly observatio ns. 
were also consis tent. 

These data may be com pared with those obta in ed when the water .in 
all compartm en ts of the trench was e ither 1.5 o r 2.0 feet deep. In m aking the 
compar ison , the observat ions made when th e d epths were being increased 
were used because they were a ll in a 2-d ay period at the encl oE the series 
duri ng wh ich the effect of time on th e obse rva ti ons would be a minimum. 
The results are shown in table 7. 

It wi ll be o bserved that th e seepage fro m the bottom decreased and that 
that from the sides and ends increased when th e depth of wa ter in th e ce nter 
compartment was 0.5 less th an in th e ends a nd si des. The seepage from th e 
wh ole trench was sl ightl y grea ter when the depth in th e centra l compartment 
was 1.5 fee t than when the depth in a ll parts was 2.0 feet. This was du e to 
th e fact th at the area of th e bottom compartment was small compared wi th 
the ends a nd sides, a nd consequentl y, th e effect o f th e decrease in rate of 
seepage from the bottom compartment was overshadowed by th e increase fro m 
th e sides a nd ends even thougl1 sma ll , because of the larger area. 

TA11LE 6. Hales of see/Ja.ge from Davis, California, Trench No. 2 with waler 
l .5 feel c/ee/1 i11 central compar/111 e11l and 2.0 feel c/ee/J i11 all other 
compart ments . 

l' t• riod Seepnge in cubi c f ee t per 24 hours 
Bottom Sides Ends Total trench 

Per Per P t• r Per 
'l'o lu l sq. ft. Tuln l S<J.l'l. 'l'ot n l sq.ft. T ota l sq. rt. 

1st hr. 18.U~ HiO :; J.7(\ 3.07 l Z-1.5~ 4. 71 17:!.30 +.5.3 
:lntl hr. 18. 18 -L[iG :l0.8'~ +.00 12G.78 4.88 18-l. 4 4.SG 
:l1·d hr. 17.G!l 4.42 37AS +. GO 1:m.~:1 4.08 18-1.50 4.SG 
"M P.tit 17.0fi 4.40 3().37 4.:i:'> 1~(i.21 Hlti 1 'O.ti+ 4.75 
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TAn r. r. 7. A cmnp(lrison of the mies of see/1(1.ge from Davis, CalifD'lnia, 
Trench No . 2 when depth in cen tral comparlmenl was 1.5 feel and 
in all other com/1arlmenls 2.0 fe el, with those when the de/1L!ts 
in (Ill the com part men ls were 1.5 feel and 2.0 f eP.l. 

I 'ort ion of I rPncJ1 

Roi.tom 
Si<les 
Mnds 
T ota l trench 

Seepage i11 cubic feet per 2+ hours 

Depth 1.5 fl. in 
a ll compartments 
'l'ota11 P er sq .ft.1 

21.04 5.2 1. 
23.07 ~.84 
70.53 3.3G 

114.r.+ :l.70 

D epth 2.0 f:t. in 
all compartmen ts 
T ota l ' Per sq.ft.1 

25.7G G.29 
32.9, 4.12 

119.00 4.58 
177.74 4.G8 

D epth 1.5 ft. in centra l 
compart m ent. D epth 

2.0 Ft. in a ll other s 
~'otal Per sq.ft. 
17.9(l +.49 
30.37 4.55 

126.21 4.86 
180.5+ 4.75 

1 Hnse<l on the results of ll1e t ests on effec t ot' dc11th which w ere made when t he depths 
we ,·f• being- in r· r ens<'<l , (tnble 5.) 

These comparisons show that the rate of seepage through a give n limited 
area of so il surface submerged co a g iven depth will be decreased by in creas in~ 
the depth of water o n im med iately adjacent areas a nd will be in creased by 
decreas ing th e depth on those areas. This rela ti o n is based o n the fa ct that 
th e seepage flow from th e greater head wi ll exert in the soi l at the zone of 
contact between submerged areas, a superior pressure whi ch will enlarge its 
avenue o[ escape and constrict that from ~h e area of less submer-g-e nce. For 
this reason a few holes in a cana l linin ~ ma y cause lea kage out of proportion 
tn the area involved . 

The o bservat ions on th e seepage from pits and trenrhes arc inconclusive 
111 regard to the belief tha t side seepage exceeds bottom seepage. They 
genera ll y show that the seepage rate in creases with th e depth of water in the 
canal ; but the most important fact brought out is th at the seepage rate is 
variable and may increase or decrease without apparent cause so far as the 
present knowl edge o[ seepage is concerned. 

Pool ExjJeri rn e 11 ls 

Seepage losses from lined canals and those in very tight soils 
are genera ll y small. In such ca nal s, losses can be most acc urately 
determined by measuring the drop in pools made by damming 
both ends of a section of th e canal. T here is a question whether 
the seepage from a pool is the same as that from flowing- water, 
si nce experiments in vvater-spreading areas have shown that veloci-
ties as low as 0.05 foot per second increased the rate of percola-
tion (6). It is bel ieved, however, that the errors resu lting from 
this cause are smal l in comparison with those that would be 
introduced i E an attempt were made to det:ermi ne sma II seepage 
losses by mea ns of curren t-meter measurements. 

In making the tests, sections of canals were chosen where 
checks were avai labl e to form pools or where no difficu lty would 
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be experienced in damming off a section oE the canal. The 
lengths of th e sect ions of the ca na ls chosen were such that th e 
pools formed wo uld have a reasonab ly uni fo rm depth th rougho ut. 
The drop in th e water surface was measured with gages located 
at th e ends of the pools and sometimes at intermediate points 
a lso. Readings were tak n twice da ily or oftener, depending on 
th e ra te of loss. Leaks through headga tes and checks were re-
duced as much as possibl e a nd those remain ing were most ly small. 
Th ey were measured vo lumetrica ll y or by means of triangular 
weirs. The evaporat ion loss was measured by mea ns of a specia l 
hook gage in a circular pan 8 inches in diameter suspended in 
th e water. The air and water tem peratures a lso were o bserved . 
Since littl e or no rain fell during the time o bservat ions were being 
taken , corrections seldom had to he applied to the evapora tion or 
drop in th e wate r surface in th e pool s lor this reason. 

Cana I cross-sections were oh ta i nee! from origi na I des ign data , 
but were checked in th e ri eld. Lengths o r sections were take n 
from origina l survey notes and maps or were measured in th e 
field when other so urces o( information were not ava il abl e. Th e 
data on cross-sections were plotted and rrom th ese plots and th e 
lengths of th e sections, th e water surface areas and the wetted 
areas were computed. With this informat ion a nd th e net drop 
in th e water surface of th e pool , it was poss ibl e to compute the 
seepage loss in cubi c feet per square foot of wetted area. The loss 
in cubic feet per mil e and percentage per mil e was not determin ed 
beca use th ese va lues depend on th e q uanti ty be ing carri ed by th e 
ca na l. 

£AST CONTRA COSTA I RR l f:AT ION DISTR i r.T CANALS ANn L ATERALS 

Most of th e observa tion s on seepage from canal s by th e pool method were 
mad e o n th e bas ins and la tera ls of th e E,is t Contra Costa Irrigation District 
a t Brentwood , California. The main ca nal cons ists o( six concrete- lined 
basins a t success ive ly higher e leva tion s ;i nd ex tending l' rom Jn dian Slough 
about 5½ mil es west to th e foothill s. Latera ls a rc la id out to th e north an d 
south from the basins. Water is raised from Indian Slough into Bas in o. I 
by a pumping plant conta ining· four horizontal ce ntrifuga l pumps with a 
combin ed cap acity of 117 cubic feet per second . A second p lant lifts the 
water required for th e upper la te rals from Bas in No. I to Bas in No. 2 a nd 
so on to Pumping Pla nt No. 7, wh ich lif ts th e water required directl y in to a 
latera l. The basins have bottom widths ra ng in g [mm 7.50 fee t for Bas in No. 
I to 5 .1 7 feet fo r Basin No. 6. The side slopes were I ½ to I, and th e grade 
toward the west was 0.0002 . The depth of th e basins ranged from 4.50 fee t 
to 6.40 fee l. Since th e slope of th e la nd is adverse to th e ca nal , each basin 
starts on a l'ill anrl end s in exca va tion . On e o[ th e basins is shown in figure 9. 
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li'igun' fl.-l'nrtio11 nr p o1 d i11 l~a~l Co1lf1"1 Co::;ta ma i11 <·:111:11 h:1si11 , Brf'nt w ood . 
( ':1lif11 r11i :1. 

Co nstru ction work on th e project was st;irted in 19 12 and the basins were 
comp leted in 19 13. They were lin ed thro ughout with a 3- in ch layer of 
to ncrete covered with ½ inch of gunite. Although frequ ent ex pa ns ion joints 
were provided, the lining showed ex tens ive sma ll cracks in the fa ll of 1922, 
when the seepage measurements were made. (See figure l 0.) Th i was prob-
ably due to the ex p ansion and contracti on of th e so il , which ranges from 
heavy clay loa m to adobe. 

J1' ig·11rP 10.-Cr:tek:-. in <·on<·r(•l0 l inin.~ of 1,: :1s1· Co 11trn Co tn main e:inal basi 11, 
Hr1•11lwuud, Cn lifomia. 
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The observa tion s o n th e seepage from th e bas in s were co nducted during 
p eriods when the basins were [ull o[ water a nd no divers ions to the la tera!s 
were bei ng made. There was a small amount of lea kage from each basin 
into the transform er coolin g co il s whi ch was m easured volumetri cally, and 
there was a lso lea kage of a n und etermin ed a mo unt th rough the ga te va lves 
in th e pump di scharge lin es. These lea ks could not be meas ured, but from 
th e sound th ey made th ey were judged to be sma ll . T hey we re a lso, to some 
extent, compensating beca use wa ter from thi s source leaked in to the west 
end o f each bas in a nd o ut th e cast encl. T here were no ap preciab le lea ks 
through th e headgates leading to th e latera ls. 

The results o [ the seepage o bser va ti ons on th e bas ins arc g iven 111 tabl e 
8. vVith few exceptions th e ~ccpagc losses fo und were quite sma ll and where 
they were higher th an ex pected th ere was the poss ibility th at water was 
turn ed into a la tera l for a short peri od witho ut be ing reported . From the 
predomin ance o[ the low rates, it is reaso nab le to assume th a t the actu al 
seepage was de[initely less th a n 0. 1 cubic foo t per sq uare foo t per 24 ho urs. 
\IVithin the ra nge o[ heads and temperalllrcs p reva iling during these tests 
there was no indi ca ti on th a t the see page loss d ecreased with th e d epths in 
the bas ins or th at it d ecreased with the temperaLUre. The un avo idab le inac-
cura cies in the da ta apparentl y overshadowed th e effect of these factors. 

EAST CONTRA COSTA LATERALS 

O bserva tio ns o n the seepage from pools in se lected la tera ls oE the East 
Contra Costa lrrigati o n District were mad e during October 1923. The fo l-
lowing latera ls were chose n fo r the tests: 

Latera l No 3 South in clay, untrea ted 
L a tera l 1o. 5 Sou tlt in cla y, trea ted by puddling by sheep 
L ateral No. 2 North in clay, untrea ted 
L atera l 1o. 6 1orth in heavy clay, pudd led 
L ateral No. 3 North in fine sa nd, first use of lateral 
L a teral No. 6 South in clay, concrete lin ed 
Lateral No. 7 North in clay, concre te lined 

The tes ts o n latera ls No. 3 South , No. 5 South , No. 2 North a nd o. fi 
North were made to de termin e the effect o r puddling o n th e seepage loss. 
Two of the la terals had previo usly been puddl ed by th e tramp ling of sheep 
a nd two had rece ived no specia l trea tment. T he laterals were excava ted in 
soils ra nging from clay loa m Lo heavy clay, a ll of which cracked badly when 
d ri ed. Te;t borings showed no hardpan substralllm. L a tera ls numbered 3 
South , 5 South a nd 2 1orth were excavated in cl ay loam, th e d iEference in 
th e latera ls being that o. 2 orth was constructed in 1922, No. 3 South wa; 
constru cted in 191 3, and No. 5 South had previous ly been p uddl ed. La teral 
No. 6 1 orth was excava ted in th e hca \·iest clay a nd had a lso been puddled. 
After severa l years or use th e banks o[ th e la teral s had cha nged co nsiderablv 



TABLE 8. Summary of results of pool measuremen ts of canal seepage. 

Series Period .Area 1 Seepage 
From To Length Mean W ater W etted ~lenn drop 

Inten·n l or depth surface surfnce in water E,·aporation 
poo l su rfnce pe1· plus leakage 

24 hr. per 2-! hr. 

Per sq . ft. Per sq. ft. 
water w etted 

su rfa ce pe r s urface per 
24 hr. 24 hr. 

Days F eet F eet .-\ c res Acres .-\ cres Feet Cu. Ft. C u . Ft. 
East Contrn Costa lr-r·igation Dis tri c t , Ro s in ~o. 1-concret c Jin e<l . 

1 Sept. 2 Sept . 4 1.538 2132 4.33 l.12~ 1 .258 0.094 O.OH 0.080 0.071 
2 :,,ro·.-. 13 .c\O\',H .672 3.46 .997 1.108 .060 .007 .053 .048 
3 .c\O,.H .c\ O\", 15 .677 3.98 1.071 1.100 .111 .007 .104 .101 
-1 .c\OY. 24 D ec . 4 10.05-1 1.32 .1;57 .700 .053 .007 .046 .043 --

:\lean 0.066 

Eas t Co 11tra Cos ta, ]rriga tion Di s tri('t, Ra s in ~o. 2- c on c re t e lin e d . 

Sept. 2 Sept. 4 1.5.% 7076 5.11 -3.65' ~~.318 3.002 .085 .020 .065 .050 
2 .c\O\'. 13 )lo,·. H .663 5.16-3.57 3.508 3. 0C.3 .063 .013 .050 .044 =~ .c\O\' . H .c\OY.15 .677 5.46-3.86 3.501 -!.OG2 .0-!7 .01~ .034 .030 
,I .c\O\'. 15 x o,·. 24 9.226 5.21-3.62 3.467 :l.OH .040 .om .036 .032 
5 .c\O\', 24 Dec. 4 10.050 4.74 -3.16 3.23-1 3.635 .OH .007 .040 .036 --

'.\Jean 0.040 

East Contra Cos ta, Jrri gnt ion Dis trict , Bas in ~o . 3-concret e,. lin ed. 

1 S<ept. 2 Sept. -1 2.024 3GO-! 4.2-1 1.60-1 1.911 .14 1 .OH .004 .083 ., X o,·. 13 Xov. H .65-1 3.98 1.6.32 1.834 .073 .007 .066 .059 
3 Xo,.H X O\' . 15 .677 ,1.45 l.753 1.982 .JOO ,()()7 .003 .082 
4 XO\'. 15 .c\O\' , 2,1 0.249 4.18 1.68G l.002 .052 .007 .045 .040 
j .c\O\'. 2-1 Dec. 24 10,038 3.H USO l.666 .10;; .007 .008 .088 --

'.\l ean 0.070 

1 For basins X o. 1 to 6. area of water s ur face and w etted s urface arc gi\·en in acres . For the others, t h e aYerage wicltb of w ater surface and length 
of wetted perimeter nre s h own in feet. 

' Poo l in two parts se rarntecl by r oad c ulvert. 



TABLE 8. Continued-Summary of results of f1ool meas111ements of ca nal seepage. 

~erics P e ri otl Area 1 Seepage 
From To ,Yater " "etted )lea n <lrtl p Ernporation l'er sq . fl. P e ,· ~q . fr. In ten·al L ength ~lean surface surface in wate r p lus lea ka ge water w et ted of poo l cleptb s ur;r;,~pe r pe r 2-1 hr. surface per surface per 

24 br . ::!4 h r. 
D a ~·s F eet F eet .-\ (' res Acre~ Feel F c>et Cu. F t Cu. F t . 

t:a...;t" C'o 11tra Costa. I r ri.i;n ti u 11 Di f. trit•t , H n sin ~o. -l--concret e lined . 

1 ~ept. 2 ~ept. -I :!.o~;; 4602 4.1 :1 2.0.'<+ :!.a3t- u.10:-: U.076 0.027 0.02+ 
2 :;; o,·. 13 :;;o,·.H .G+8 :HIS J. l)27 2.181 .OSI) .027 .062 .055 
3 :;;ov. H ::,;ov. 15 .GSO 4.47 2.]!)3 2.488 .088 .024 .06-l .056 
4 ::,; o ,·. 15 :;; o,·. 24 9.268 4.18 2.0!l l 2.375 .O.'i8 .025 .033 .o:m --

:\lean 0.0+t 

Ea,t C"o u t r u ('o:,;.ta lrri~at ion ni:-- tri..t. B u sin ~·o . .'j-t•o11t·r et e li11 etl . 

S<cpt. 2 ~ C (ll. -! 2.030 3:!3.1 3 . .'iS I. 2S() Ll53 .:!93 .084 .211 .187 
2 ::,;o ,·. 13 ::,;oLH .638 2.-15 1.021 1.099 .1 22 .050 .072 .007 
3 ::,;o,·. H ::,;o ,·. 15 .678 4.10 1.:195 l.580 .29:! .039 .253 .223 
4 :;;o,·. 15 ::,; o,·. :!-1 !l.294 :~.00 J.27() 1.442 .088 .OH .(1-!7 .0+2 
5 :;;ov. 24 Dec. + 10.034 2.50 1.027 l.H2 .136 .007 .12() .116 --

~Ieau 0.127 

1-::: a.. ... t Coutra, C'o1' tn, I rriga tion Di~t r i ,·L na~in ~·o. 6--t.·o ,u:r ete li11 ecl. 

1 Sept. ~ Sept. -1 '.? .036 7999 4.38-3.os• ::.o:ir. ::.-t-t l .1H7 .039 .138 .13!1 
2 Xo L 13 ::,;ov.H .633 3.95-2.65 ~.77() ;3.141 .103 .Oll .OlJ2 .081 
3 NoY.H ::,; oL 15 .07!) 4.-10-,UO ~.OM :uno .2:!.~ .011 .21.7 .190 
.j, No ,-.15 No,·. 24 0.;J3{ 4. ll -2.81 2.88+ ~.2G5 .OGl .011 .050 .04+ 
5 :;;ov. 24 Dec. -! 10.03-! 3.36-2.06 2.47-! 2.77G .Ont .007 .084 .075 

---
)fean O.l OG 

1 For ba sins ~ o. l to 6. nren of w ater surfnce :1.nd wettC'd su r face nre g in:•n in acres. Por t he olhcrs. t he an~ra ge wid t h llf w :.1 ttl r surface ::1 11 tl lengt h 
of we tted pe timete r are shown in feet. 

• P ool in t wo par ts. 



TABLE 8. Continued-Summary of results of pool measurements of canal seej1age. 
Series Date P e riod Average . ~ecpage 

l"i'rom To Tn tcrrn l Length ) le:111 
Wid th Length ~;ea n clropErn 1iorat1011 P e r sq. ft. P er sq. ft. 
wa ter w etted in w~t er pins w ater wetted of pool d e pth surface per imeter s ur face lea kage su rface surface pcr2-l hr. pe r 24hr. PN2-lhr. p e r 24 h r. 

'.IIinutes Feet Feet Feet Fcpt F eet Feet Cu. F t. Cu. F't. 

East Contra, Costa l rl'iga tion J) istrict, Latera l ~o. 3 South-clu,y, untreated. 
l 10/ 3/ 23 5:19P 8:49A 930 1418 2.102 9.55 10.61 1.H5 0.021 1.424 1.282 

l.0/ 4/ 23 8:49A 10 :-l8A 119 1.578 7. 8~ 8.56 1..385 .021 1.364 1.2-14 
10/ 4/ 23 10 :48A 1:42P 174 1.438 7.3-1 8.0-l 1.3GO .021 1.339 l.212 
10/ 4/ 23 1 :42P 4 :5-3P 101 1.262 6.7(; VIG l.395 .02l 1.3H 1.262 

2 10/ 5/ 23 2: -l!)P -l:07P 78 H18 2.601 11 .~il 1:2.:\11 1.315 .021 1.2fl-l l.157 
10/ 5/ 23 -I :07P 5 :08P fll 2.537 11 .0G 12.33 l.3GO .021 1.339 1.200 
10/ 5/ 23 5 :08P 7:58P 170 2.428 l0.ll5 11.S(l l .35'1 .021 l .334 1.196 
10/ 5/ 23 7 :58P 8: lOA 732 1.999 0.2:! 10.21 1.375 .021 1.354 1.223 
10/ 6/ 23 S :lOA 2.25P 375 1.4,.~ 7.H 8.H l.-lOO .021 1.379 1.261 
10/ 6/ 23 2:25P 5:31P 186 1.190 6.52 7.0S 1A60 .021 1A3!) 1.325 

3 10/ 8/ 23 9:05A 11 :03A 118 1418 2.67fi 1.Ui2 12.86 .n57 .021 .93() .838 
l0/ 8/ 23 Jt :03/\ 3:50 P 287 2.536 11.05 12.3~ 1.010 .021 .080 .886 
10/ 8/ 23 3 :50P 8:00P 250 2.347 10.37 11 .57 1.005 .021 .98-1 .883 

4 10/ 0/ 23 9:5l A 11 :23A 92 1418 2.438 10.69 l l.92 1.005 .021 .984 .883 
10/ 0/ 23 ll:23A 1:42P 130 2.358 10.-1 :; l l. 02 1.003 .021 .982 .881 
10/ 0/ 23 1 :42P 4:57P 195 2.235 10.00 11.14 1.085 .021 1.064 .057 
10/ 9/ 23 4 :57P 8:24A 927 1.801 8.55 9.42 1.125 .021 1.104 l.004 

5 10/ 10/ 23 11 :25A 3:27 P 242 1418 2.377 10.49 11.70 1. 11 5 .021 1.0\)4 .983 
10/ 10/ 23 3 :27P 5:47P 140 2.223 9.88 11.08 1.225 .021 1.204 J.081 
10/ 10/ 23 5:47P 8:09A 862 1.794 8.5:l !l.38 1.2:10 .021. 1.20!) 1.098 
10/ 11/ 23 8 :0!JA 5:-IOP 571 1.187 0.52 7.08 1.195 .021 1.174 1.079 

.F:a"1it, Conirn, Cos tu Irriga tion Dis tri c t . L a tern l ~o. 5 South--cln,y, J>udclled. 
J0/ :!4/ 23 12 :26P 1 :37P 71 1620 1.4-10 10.0-l J0.19 9. 12 .01 9.lt 8.98 
10/ 24/ 23 1:37P 2:40P 6.3 .942 8 .08 8.13 7.66 .Ot 7.05 7.61 

3 J0/ 25/ 23 l0 :1 5A 10 :45A 30 1020 1.779 11.52 11.76 7.46 .01 7.45 7.~o 
10/ 25/ 2.3 10 :45A JJ :lOA 31 1.631 10.87 11..07 7.66 .Ol 7.05 7.5() 
10/ 25/ 23 1l :16A ]2 :01[' 45 1.439 10.04 JO.tis 0.!l!l .01 0.98 6.89 
l0/ 25/ 23 12:0lP 2 :011' 120 1.088 8.30 8.~7 r..1::; .01 5.72 5.08 



TABLE 8. Continued- Summary of results of pool measurements of canal seepage. 
Se ri es DH<> P e riod Av erage See1rnge 

F'rom T o Wi dth Lengt h i\Ican Uro p ~\·apora t io n Per sq. ft. P e r sq. ft. 
In te rva l Length Mea n wa te r w etted in ·wn ter p lus "\.\"il t" C I' w etted 

of p oo l d e p t h S llt'fil C'L' perim eter surfa ce lea knge surf:t ee surfa ce 
pe r :N hr. pcr'.!-lhr. pc r 2+hr . per :?4 hr. 

Minu tes F eet F eet F eet F eet F eet FL•et Cu. Ft. Cu . Ft. 

En~t. Contra, Costa Jrl'i~a.tion Di~tric~t . L a teral ~o. 2 North-c lay, untreated. 

2 10/ .J./ 23 5:31P 7 :38 1' 127 1327 2.832 15.07 JG.3:C: 4.95 0.02 4.9:~ 4 .53 
J0/ 4/ 23 7 :~SP S :.J.OP 62 2.515 13.87 ] 5.07 4 .51 .02 4.49 4.13 
10/ 4/ 2:l 8 :.JDP 8:HA 721 1.561 10.68 11.24 3 . .J.4 Ory 3.42 3.25 
10/ 5/ 2:~ S AIA 11 :25A l(j.J. .574 7. 19 7.25 :! .:'.?:! .02 2.20 2. 18 

0 10/ 5/ 2~ 2 ::lS P 3: IOP 02 1327 2.861 15.20 16.00 5.()7 .02 5.0ti 4.G5 
10/ G/ 2:l 3 :,1-0P 4 .401' 60 2.658 14.37 rn.6::; 4.60 .02 4.58 4.20 
10/ 5/ 2:l 4:+0P 5:-tOP GO 2.471 13.75 14.S9 4.+7 .02 4..J{j 4.11 
10/ 5/ 23 5:-IOP 8 :27P 167 2.141 12.66 13.57 4.0G .02 4.0.J. 3. 77 
10/ 5/ 23 8:27P 8:39A 732 1.656 9.50 9 .89 2.76 .02 2.H 2.G3 

4 10/ 6/ 23 2 :ll.P 3 :11 P (\0 1~27 2.20:1 12.88 1~.81. +.n:~ .02 ·l.01 :u+ 
10/ 6/ '.!:1 3: ll P 4:JOP OS 2.030 12.20 13. 1. 2 3.70 .02 3.68 :1.-15 
lO/ fi/ 23 + :l 9P 5:21? G:? 1.869 11 .H 12.H ;~...J:". .02 3.43 :1.2:1 
JO/ (i/ 23 5:21 P 8 :01 P mo 1.610 10.8-1 11.41 3. lG .02 3.H 2.ns 

3 10/ 8/ 23 10:Z7A 11 :31A (H 1327 2.305 13.20 H.23 5.55 .O'.! 5.53 5.13 
10/ 8/ 2:l U::3JA 1 :15P JO-I 2.028 12.2!) 13.12 4.0S .02 4.0G :i.so 
10/ 8/ 2:l 1:1.5P .J:11P 176 1.670 11.05 11.(ii'i :~.+6 .02 3 .+I :ur. 
1.0/ S/ 23 .;:JlP S:28 P 257 1.213 D.5~ 9.m5 2.76 .02 2.H 2.63 

Ea.-;t Contra Costa. lr ri" 1"ltion Uistric t , Lateral )i;o. 6 Xorth- heax;r c ln:r. puddl ed. 
l lll/ -1/ 2:~ 11 :20A 2:HP 17-1 1291 2.493 12.H 1:t07 o.:tl5 .021 u.:{H O. :W2 

10/ -1/ 2:l ~ :HP 5:51P 217 2.+16 l'.!.00 J2.SD .2SG .021 .265 .247 
10; +; 2:1 5:51 P !l :O!lA 918 2.35.3 11.70 ]2_ :):{ .2:11 .021 .~10 .1!)(j 
10/ 5/ 2:{ !I :O!lA ll :-!O A 151 2.2, 0 J l.42 12.~5 .207 .02 1 .18fi .17-1 
10/ 5/ 2:{ 11 :.J.OA 6:03P 3S.3 :2.231 11.30 1'.!.07 .'.!10 .021 .1S9 .177 
10/ 5/ 23 6:03P !):05A !)02 2.156 11.05 Jl .7!l .lH .003 ' .H7 .t:i7 
JO/ G/ 2:~ 0 :05A fi ::18 1' 573 2.080 10.80 J 1.40 .1.57 .021 .136 .128 
10/ G/ 23 6:3SP n ::3!)A 901 2.00.J. JO.i\.j 11. .22 .14G .C03' .149 .140 
10/ 7/ 23 !l :30 . .\. 8:20A 1361 1.902 10.23 10.85 .11 8 .021 .097 .091 
10/ 8/ 2:{ S:20A 5 :-l!ll' 569 l.825 !l.!)7 10.55 .,on .021 .088 ,O,~:{ 

10/ 8/ 23 5:49P 1'.!:HP 1105 1.766 !l.78 10.:~2 ,1(1() .on ,070 .075 
10/ 9/ 23 12 :l4P 10:0:lA 1309 1.684 n.:;2 10.03 .100 .021 .07!l .075 
10/ 10/ 23 10:mA 12:58P 1615 1.580 !l.17 !).(;+ .09-1 .0'.!1 .073 .0fi!l 
10/ J 1/ 23 ]2 :5Sl' 9 :15A 1217 1.477 8.84 n.:!3 .108 .021 .087 .os:1 
10/ 12/ 23 n: 1.;A O:f\6A 2921 1.331 8.37 8. 70 .10.J. .O~l .083 .080 
10/ H /23 !l:5f:A l :56P 8880 .929 7.03 7.20 .098 .021 .077 .075 

1 Gain. 



TABLE 8. Continued-Summary of resu lt s of pool measurements of canal seepage. 
~cri es Date P e riod Average ~~,·aporation Seepage 

From To Length l\Iean Width Length )lean <lrop plus Per sq. ft. Per sq. ft. 
Inte rrnl of pool depth water wetted in water leakage ·water wetted 

surface perimeter surface per 2-! hr. su rfnce surfa ce 
per 24 hr. pe r 2.l hr. per 2-1 hr. 

)linutes F eet F eet Feet F ee~ F ee t F eet Cu. Ft. Cu. Ft . 

Enst Contrn. CoNtia Irrigat io n Distri t·t. Lateral ~o. 3 ~orth-fi ne sa ncl , fir~t u se, of Ju.ten.l l. 

3 10/ 6/ 2.3 10 :06.8.-1. 10:22.2A 15A 323.5 2.8-16 H .60 16.09 30.02 0.02 30.00 27.20 
10/ 6/ 23 10:22.2A 10:37.2A 15.0 2.540 13.-18 H.90 28.-17 .02 28.-15 25.70 
10/ 6/ 23 10:37.2A 10:52.2A 15.0 2.247 12.-17 13.70 27.-16 .02 27.±± 25.00 
10/ 6/ 23 10 :52.2A 11 :05.5A 13.3 1.99-1 11.60 12.62 23.77 .02 23 .75 21.80 
10/ 6/ 23 11 :05.5A 11:20.5A 15.0 1.762 10.82 11.69 23.39 .02 23.37 21.70 
10/ 6/ 23 11 :20.5A 11:34.9A HA 1.533 10.02 10.79 20.20 .02 20.18 18.70 
10/ 6/ 23 11 :34.9A 11:50.lA 15.2 1.33G 9.30 9.98 17.23 .02 17.21 16.00 
10/ G/ 2:3 11 :50.lA 12 :05.2P 15.1 1.165 8.72 ll.31 H.07 0.02 H.05 13.17 
10/ 6/ 23 12 :05.2P 12 :20.3P 15.1 1.03:1 8.25 8.75 11.-19 .02 11.-17 10.82 
10/ 6/ 23 12 :20.3P 12 :35.lP 14.8 .919 7.8-! 8.30 10.82 .02 10.80 10.20 
10/ 6/ 23 12 :35.lP 12:50.5P 15.4 .813 7.45 7.85 9.01 .02 8.99 8.54 
10/ 6/ 23 12 :50.5P 1:05.-!P 14.9 .718 7.11 7.46 8.80 .02 8.78 8.36 

7 10/ 10/ 23 1 :fil.lP 1 :20.21' 16.1 3:?3.5 2.16:! 12.18 13.32 17.83 .02 17.81 16.37 
10/ 10/ 23 1 :20.2P 1 :35.-IP 15.2 l.981 11.57 12.55 15.2-1 .02 15.22 14.00 
10/ 10/ 23 1 :35.-!P 1 :49.SP 14.4 1.835 11.04 11.96 12.58 .02 12.56 11.60 
10/ 10/ 2.3 1 :49.8P 2:05.5P 15.7 1.715 10.M 11.50 10.10 .02 10.08 9.34 
10/ 10/ 23 2 :05.5P 2 :21.2P 15.7 1.613 10.30 11.10 8.44 .02 8.42 7.81 
10/ 10/ 23 2 :21.2P 2:35.8 P 14.6 1.530 10.02 10.79 7.02 .02 7.00 6.50 
10/ 10/ 23 2 :35.SP 2:50.8P 15.0 1.460 9.77 lOAS 6.63 .02 6.61 6.16 
10/ 10/ 23 2 :50.SP -I :17.3P 86.5 1.261 9.06 9.68 5.H .02 5.42 5.0·7 
10/ 10/ 23 -l:17.3P 4 :32.5P 15.2 1.076 8.38 8.93 4.51 .02 4.49 4.22 
1.0/ 10/ 23 -l:32.5P 4:47.8P 15.3 1.026 8.23 8.75 4.78 .02 4.76 4.47 
1.0/ 10/ 23 -l:47.8P 5 :02.5P 14.7 .079 8.04 S.53 4.0-! .02 4.02 3.78 
10/ 10/ 23 5 :02.5P ;;:17.5P 15.0 .93-! 7.88 S.35 4.50 .02 4.-18 4.23 

Se,·era l yards of clay added to water at inlet wheu refilling pool. 

s 10/ 12/ 23 10:03.0A lit :19.0A 16.0 3~.5 2.819 14.50 16.02 2"2.79 .02 22.77 20.60 
10/ 12/ 23 10:19.0A 10:33.H. H.-l 2.58-l 13.6-! 15.08 21.15 .02 21.13 19.10 
10/ 12/ 23 10:33.4A 10:49.5A 16.1 2.371 12.89 14.22 18.63 .02 18.61 16.90 
10/ 12/ 23 10:49.5A 11 :04.GA 15.l 2.179 12.25 13.42 16.60 .0-2 16.58 15.13 
10/ 12/ 23 11:04.6A 11 :l!HA H.8 2.020 11.69 12.7-1 13.73 .02 13.71 12.61 
10/ 12/ 23 11 :19.4A 11 :35.2A 15.8 1.886 11.25 12.18 11.H .02 11.12 10.26 
10/ 12/ 23 11 :35.2A 11 :50.5A 15.3 1.777 10.85 11.75 8.H .02 8.72 8.05 
10/ 12/ 2:~ 11 :50.5A 12 :05.4P H .!J 1.690 10.57 11.41 7.34 .02 7.32 6.79 
10/ 12/ 2'3 12 :05.-IP 12 :20.5P 15.1 1.615 10.33 11.H 6.90 .02 G.88 G.38 
10/ 12/ 2'3 12:20.5P 12 :35.7P 15.2 1.5H 10.08 10.85 6.34 .02 6.32 5.86 



TABLE 8. Continued- Summary of resu lts of pool measurements of canal seepage. 
Se ries Date Peri od Average See page 

From To In terval L e ngth )Jean W idth L ength :\lean dropE,·aporation P e r sq. ft. P e r sq. ft. 
o f poo l d e pth w ater w etted Ill w ater p lu s w ater w e tted 

surfa<'~ pe rim eter s urface leakage s urface s urface pe r :!4 br . pe r 24 hr. pe r 24 hr. 11er 24 hr. 
Minutes F eet F eet Feet Feet Feet F eet C u . Ft. Cu. Ft. 

10/ 12/ 23 12 :35. 7P 12 :50.6P l4.9 323.5 1.485 0.86 10.57 5.42 0.02 5.40 5.04 
10/ 12/ 23 12:50.6P 1 :46.5P 55.9 1.358 9.40 10.08 5.04 .02 5.02 4.68 
10/ 12/ 23 1 :46.5P 2:02.0P 15.5 1.238 8.96 9.58 3.68 .02 3.66 3.43 
10/ 12/ 23 2:02.0P 2:32.4P 30.4 1.175 8.75 9.34 3.94 .02 3.92 3.67 
10/ 12/ 23 2 :32.4P 3:03.2P 30.8 1.000 8.44 9.00 3.94 .02 3.92 3.68 
10/ 12/ 23 3 :03.2P 3 :32.3P 29.1 1.015 8.16 8.68 3.44 .02 3.42 3.21 
10/ 12/ 23 3 :32.3P 4 :02.4P 30. l ,!l45 7.94 8.41 3.43 .02 3.41 3.22 
10/ 12/ 23 4 :02.4P 4:32.5P 30.1 .876 7.07 8.10 3.24 .02 3.22 3.05 
10/ 12/ 23 4 :32.5P 5:03 .11' 30 .0 .809 7.4;; 7 .85 3.07 .02 3.05 2.90 

Ea.s t Contra. Costa Jrrigu.tion 'Oi.&tr ict , Latera.I ~o. 6 So uth- in c la.)", co ncr et e lined. 
1 10/ 23/ 23 3 :53P 5:20P 87 850 2.324 ll .8 l 13.0tj 3.02 .01 3.01 2.72 

l.0/ 23/ 23 5 :20P 8:44P 924 1.441 8 .80 !l.57 2.46 .01 2.45 2.25 
10/ 24/ 23 8:44 P 12 :11 P 207 .538 5.73 6.00 1.50 .01 1.49 l..t~ 

2 10/ 24/ 23 2:2,JP 3 :25 l' no 850 2.550 12.liO n .!li< 2.90 .01 2.S!l 2.fll 
10/ 24/ 23 3 :25P -1 :251' 60 2.-134 12.H; 13.52 3.05 .01 3.04 2.74 
10/ 24/ 23 4 :25P 5 :25 l' 60 2.310 11.76 13.00 2.82 .01 2.81 2.54 
10/ 24/ 23 5:25P 8:35P 100 2.072 10.94 12.06 2.75 .Ot 2.74 2.48 
10/ 24/ 23 8: :~5 p 8:17A 702 1.338 8.40 9.16 2.25 .O l 2.24 2.07 
10/ 25/ 23 8 :17A 0:43A 86 .735 0.41 6.79 1.67 .01 1.6G 1 .56 
10/ 25/ 23 9 :43.A. 11:45A 122 .618 6.00 0.31 1.5-1 .01 1.5:3 1.45 

3 10/ 25/ 23 2:28P 3 :26P 58 850 2.56-1 12.flt H.00 3.46 .01 3.45 3.11 
10/ 25/ 23 3:26P 4:26P 60 2.-13-1 12.16 13.50 2.55 .01 2.54 2.30 
10/ 25/ 23 4:26P 5:26P GO 2.331 11.S.3 13.08 2.49 .01 2.48 2.24 
10/ 25/ 23 5:26P 7:41P 135 2.171 11.28 12.45 2.33 .01 2.32 2.10 
10/ 25/ 28 7 :41P 8:10.A. 749 1.560 0.19 10.01 l.93 .Ol 1.92 1.70 
10/ 25/ 23 8: lOA 2:24P 374 .885 6.91 7.37 1.32 .01 1.31 1.23 
10/ 25/ 23 2:24P 5:14P 170 .658 G.12 G.47 .02 .01 .91 .86 

East Contra Cos ta. Irrigation Di s tri c t, LateraJ Xo . 7 North- in c lay, co nc rete lined. 
1 J0/ 23/ 23 11:54A 2:32P 158 288.5 2.00.1 10.54 11.75 0.450 .014 .442 .396 

10/ 23/ 23 2:32P 5:02P 150 2.025 J0.40 l l.60 .322 .014 .308 .276 
10/ 23/ 23 5:02P 8:18A 916 l.913 10.05 11.lG .303 .014 .280 .259 
10/ 24/ 23 8:18A 11:59.A. 221 1.800 9.67 10.75 .218 .014 .204 .184 
10/ 24/ 23 11 :59A 4:49P 290 1.758 9.5.3 10.58 .238 .014 .224 .202 
10/ 24/ 23 4 :40P 8:46A 957 1.670 9.30 10.26 .195 .014 .181 .164 
10/ 25/ 23 8:4GA 11 :32A 166 1.599 9.03 9.99 .144 .014 .130 .118 
10/ 25/ 23 11 :32A 5:0lP 329 1.574 8.97 9.90 .HO .014 .t2G .114 



TABLE 8. Continued-Summary of results of pool measurements of canal seepage. 
Seri es Date Period A \·erage Seepage 

From To Jn ter,nl Length ~fean Wid t h L ength :\~ean dropE,·aporalion Per sq. ft. Per sq. ft . 
of poo l dept h wate r wetted 111 water plus water w etted 

su rface per imeter surface leakage surface su r face 
per 2-1 hr. per 24 hr. per 2-1. hr. per 24 hr. 

Minu tes F eet 1reet 1i'l1et F eet F eet F eet Cu. Ft. Cu. 1rt. 

FALst Contra Co s ta lr rign,tion Di s tri ct, Late rul ~'io. i North-in c la y, c oncre te lin ed (continued ). 
1 10/ 25/ 23 5:0lP 9:08A 967 288.5 1.514 8.78 ~.G7 0.128 O.OH O.lH 0.1 0-1 

10/ 26/ 2:l 9:0SA 2 :12P 304 1.455 8.Gl !l.-15 .137 .014 .123 .112 
10/ 26/ 23 2:12P 4:59P 167 1.434 8.54 9.38 .100 .014 .086 .078 
10/ 26/ 23 4:59P 8:2-lA 925 1.392 8.40 9.22 .llG .OH .102 .093 
10/ 27/ 23 8:24A 8:15P 711 1.329 8.21 8.99 .100 .OH .092 .084 
10/ 27/ 23 8:15P 10 :3L\ 856 1.272 8.05 S.78 .103 .OH .089 .082 

Turlock lrrigution District. Lateral :So,. 51/:....-co ncr et e lined. 
1 9/ 6/ 23 11 :05A 6:00P 421 3090 2.25 10.65 12.08 1.45G 1.302 0.15-1 0.13G 

9/ 6/ 23 6:06P 9:03A 907 1.92 9.70 10.91 A2<J .377 .052 .0-16 

2 9/ 7/ 23 3 :22P 6:25P 183 3090 2.72 12.00 13.71 .556 .425 .131 .115 
9/ 7/ 23 6 :25P 9:lOA 885 2.52 11.-13 13.02 .538 .4-17 .091 .080 

Fres no Jr·rigntion Distri ct , J-lou gh tou Lnteral-s und ,f l oam, unt,rented. 
1 8/ 22/ 23 1 :451:' 5:25P 220 9150 1.83 22.3 23.1 0.255 0.0231 0.278 0.270 

8/ 22/ 23 5:2.SP 9:30A 90.5 1.74 21.8 2:?.5 .206 .0181 .224 .217 
8/ 23/ 23 9 :30A -l :0:5P 305 1.64 21.0 21.7 .276 .01+1 .290 .281 
8/ 23/23 4:05P 8:34A 989 1.55 20.4 21.0 .154 .0191 .173 .168 
8/ 24/23 8 :3-lA 5:20P 526 1.47 19.8 20.6 .153 .0341 .187 .180 
8/ 24/ 23 5:20P 9:19A 959 1.40 19.5 20.2 .137 .026'- .163 .157 

North Poo l, li""'nrm rump ing Pinnt Ln.te ral. G ih'rest, Coloraclo--sn,nd , untreilt'e<l. 
a; ,;;; -14 l:06P 1:UP 5 211.1 1.750 G.70 7.59 23.0-! 23.0-l 20.31 
3/ 13/ M 1:llP 1 :JG P 5 1.675 fi .56 7.38 20.16 20.16 17.92 
3/ 13/ 44 l:16P 1 :21P 5 1.605 6.4:? 7.17 20.16 20.16 18.05 
3/ 13/ 44 l :21P l:26P 5 1.535 !i.28 6.97 20.16 20.16 18.15 
V l 3/ 4-1 l :26P l:31 P 5 1.465 6.13 6.78 20.16 20.16 18.22 
3/ 13/ H l:31P l:36P 5 1.400 G.00 0.00 17.28 17.28 H!.70 
3/ 13/ 44 1:36P 1:HP 5 1.335 5.86 6.41 20.16 20.16 18.41 
:{/13/ 44 l:HP 1 :46P 5 1.275 5.72 6.2-l 14.-ltl 14.40 13.20 
3/ 13/ -14 l:4GP l :51P 5 1.220 5.60 6.09 17.28 17.28 15.90 
3/ 13/ 44 1 :51P 1:56P 5 1.160 5.40 5.32 17.28 17.28 15.95 
3/ 13/44 1:56P 2:0lP 5 1.100 5.34 5.713 17.28 17.28 16.00 
3/ 13/44 2:0lP 2:06P 5 1.045 5.21 5.61 14.40 14.40 13.37 
3/ l ~/ 44 2:06P 2 :llP 5 .990 5.08 5.4c\ 17.28 17.28 Hl.10 

1 Gain 



TA BLE 8. Con t inued-Summary of results of pool measurements of canal seepage. 
Series Date Period Average Seepage 

11' l' Olll To I nte rYa l Length l\f ea n W idth L ength ~~ean drop Evaporat ion P e r sq. ft. P e r sq. ft. 
or poo l uepth water w etteu rn water plus water wetted 

surface per imete r .su rface lea kage su r face surface 
per24 h r . per24 h r. per 24 h r . pe r 24 hr. 

Minutes F eet F eet Feet U'eet I•'eet ~'eet Cu. Ft. Cu. Ft. 

Sout h JJoo l. J;"a l'Jn Pumpi n g Ph:u1t Lat er a l. G ilcres t , Col ora d o--sa,nd , u nt r eat ed . 

il/ 13/ 44 1 :06P 1:llP 5 182.5 1.242 6.72 7.34 10.08 10.08 9.89 
3/13/ 44 1 :llP 1:16P 5 1.205 6.64 7.22 11.52 11.52 10.59 
3/ 13/ 44 l :16P 1 :21P 5 1.164 6.53 7.08 12.10 12.10 11.16 
3/ 13/ 44 1:21P l ::!6P 5 1.124 6.42 6.94 10.94 10.94 10.11 
3/ 13/ 44 1 :26P 1:31P 5 1.084 o.:n 6.Sl ll.10 12.10 11.20 
3/ 13/ 44 1 :31P 1:36P 5 1.042 6.20 6.67 12. JO 12.10 11.25 
3/ 13/ 44 1:36P 1 :41P 5 1.007 6.10 6.56 t..06 8.06 7.50 
3/ 13/ 44 1:41P 1:46P 5 .973 6.00 G.43 11.52 ll.52 10.75 
3/ 13/ 44 1:46P 1 :51P 5 .93, 5.88 6.30 9.22 9.22 8.60 
3/ 13/ 44 1:5JP 1:56P 5 .901 5.77 6.16 11.52 11.52 10.79 
3/ 13/ 44 1:56P 2:0lP 5 .864 5.66 6.04 10.08 10.08 9.45 
3/ 13/ 44 2 :OlP 2:0oP 5 .826 5.56 5.91 11.52 11.52 10.84 
3/ 13/ 44 2:0GP 2:llP 5 .7\Jl iH 5 5.78 8.64 8.64 8.14 

{'ollcge Eas t, F a,rm , For t, Co.U i n~. Co lor a d o, ~ -S Latern..1-eart h , unt r eated. 
~ 3/ 16/ 45 ~: 13P 2:43P w 355 l.R31 4.67 5.50 8.H 8.74 7.~4 

3/ 26/ 45 '.l:43P 3 :l.3P 30 1.161 :J.89 4.56 7.68 7.68 fi.55 
3/ ~6/ 45 il: l.3P 3 :43P 30 1.004 ~.00 :{.44 7.30 7.30 6.37 
3/ 26/ 45 3 :43P 4:l3P 30 .858 2.:l!l 2.64 6.72 6.72 6.08 

3 3/ 26/ 45 4:58P 5:28P 30 355 1.336 4.67 5.56 7.20 7.20 6.05 
3/ 26/ 45 5:28P 5:58P 30 1.191 :J.95 4.1;4 6.82 6.82 5.82 
3/ 26/ 45 5:58P 7:06P 30 .971 2.88 3.24 6.31 6.31 5.61 

Co ll e g e East Fa.rm , F o rt CoU i ns, Co lora d o, E - \\' Ln,tera l- eart h , 11 11 tren.tecl. 
:1 3/ 27/ 45 :{ :30P 3 :50P 20 141 0.938 3.08 R.75 ·t.35 7.35 6.04 

3/27/ 45 3:50P 4:lOP 20 .840 2.91 3.50 6.34 6.34 5.27 
3/ 27/ 45 4:lOP 4:30P 20 .760 2.77 3.30 4.90 4.90 4.11 

4 3/27/ 45 4:50P 5: lOP 20 141 .970 3.15 3.85 6.48 6.48 5.30 
3/ 27/ 45 5:lOP 5 :30P 20 .880 2.93 3.65 6.48 6.48 5.20 
3/ 27/·15 5 :30P 5 :50P 20 .798 2.7f) ~.~5 5.62 5.62 4.68 

Co ll ege F.A1.st Farm , V o rt Co ll ins, Co lora do, E -W Late ru l-2- in ch co nc re te li n in g. 

1 9/ 13/45 2:09P 5:30P 201 218.4 0.98 2.54 3.45 0.322 0.009 0.313 0.2~1. 
!l/ 1~ / 4;\ 5:30P 8:44A 914 .74 2.40 3.10 .414 .006 .408 .316 
9/ 14/ 45 8:44A 12:50P 246 .65 2.19 2.70 .469 .008 .461 .374 



TABLE 8. Continued-Summary of results of pool measurements of canal seepage. 

Series Date Period Average Seepage 
From T o I nterva l Length Mea n Width Le ngth Mean dropE,·aporation P e r sq. rt. Per sq.!~. 

or poo l depth wate r w etted ,n water p lu s wate r wetted 
surface perimeter surface leakage su r face surface pe,· 24 h r. per 24 h r. pe r 2+ h r. pe r 24 h r . 

Mi nutes F eet Feet F ee t Feet l<'eet Feet Cu. Ft. Cu. l~t. 

Co ll ege E n,s t J!'n,rm, F ort Collins. Colora do, E - \\' Lute n:l.1-21/!!-i nc h c onc rete linin~ 

1 9/ 13/ 45 2:12P 5:32P 200 296.1 0.98 2.52 3.47 0.713 0.009 0.7o+ 0.512 
9/ 13/ 45 5:32P 8:46A 914 .72 2.27 2.8-! .674 .006 .668 .53+ 
0/ 14/ 45 8:46A 12 :55P 249 .45 1.94 2.2'2 .607 .008 .599 .523 

Coll eg e Eas t l!"a rm., F or t Collins, Colora do, E - \\· La.teru l-3-inc h concr ete li11i11 g . 

l 9/ ] 3/ 45 2:15P 5 :34 P Jn9 307.2 0.86 2.42 3.16 0.768 0.009 0.759 0.582 
9/ 13/ 45 5:34P 8:52A 918 .55 2.19 2.69 .496 .006 .+90 .399 
9/ H / 45 8:52A 12 :59P 2-17 .46 1.94 2.38 .385 .008 .377 .307 

CoU eg e East :Fnnn.., l!-ort Collins, Co lo rad o, ~ -S Lateral-2- tn ch o i l lining . 

1 9/ 13/ 45 2:l!)P 3:07P 48 136.1 .88 -!.31 4.80 2.22 0.01 2.21 1.95 
9/ 13/ 45 3:07P 3 :35P 28 .83 4.16 4.71 2.01 .01 2.00 1.77 
9/ 13/ 45 3:35P 4 :08P 33 .7S 4.03 +.55 2.27 .01 2.26 2.00 
9/ 13/ 45 4:08P 4:40P 32 .74 3.93 4.40 1.75 .01 1.74 1.55 
9/ 13/ 45 4 :4-0P 5:06P 26 .70 3.82 4.27 1.83 .01 l.S2 1.63 
9/ 13/ 45 5 :06P 5:36P 30 .GS 3.H 4.16 1.58 .01 1.57 1.41 

Coll eg e En,s t l!.., a rm, Fort Co llin s, Co lora do, N - S L n te ra l-3-in c h b e ntonite lirting. 

1 9/ 13/ 45 2:21P 3:0SP 47 63.0 .61 3.08 +.30 2.1:sG 0.01 2.35 2.18 
9/ 13/ 45 3:08P 3:37P 29 .55 3.69 4 .05 2.14 .01 2.13 1.94 
9/ 13/ 45 3:37P 4:09P 32 .51 3.58 3.85 2.43 .01 2.42 2.25 
9/ 13/ 45 4:09P 4:41P 32 .45 3.40 3.6+ 2.30 .01 2.29 2.H 
9/ 13/ 45 4:41P 5:07P 26 .41 3.22 3.43 1.83 .01 1.82 1.71 
9/ 13/ 45 5:07P 5:38P 31 .37 3.11 3.32 2.04 .01 2.03 1.90 

Co lleg e Ens t F a r'm , F ort Collins, Coloi'a do, E-,,· L a te ral-2- inc h conc re te linin g . 

2 6/ 11/ 16 10:52A 12:52P 120 218.4 0.986 2.53 3.35 0.384 0.016 0.368 0.278 
G/ 11/ 46 12:52P 2:52P 120 .956 2.50 3.28 .336 .016 .320 .244 
6/ 11/ 46 2:52P 4:52P 120 .931 2.48 3.23 .288 .016 .272 .209 
6/ 11/ 46 4:52P 7:52P 180 .907 2.45 3.17 .102 .016 .176 .136 
6/ 11/ 46 7 :52P 8:52A 780 .802 2.33 2.93 .340 .026 .314 .250 
fl / 12 /~(i 8 :52A 10:52A 120 .697 2.20 2.67 .312 .031 .281 .231 



TABLE 8. Con tinued-Su.mma·ry of results of pool measurements of canal seepage. 
!;e ries lJat e Period Average Seepage 

From 'l'o Interrn l Length Mean W id1h Length )1ean dropE,·aporation P e r sq. ft. Per sq. ft. 
of poo l depth waler w etted 1n waler p lus wnter wetted 

surface perimeter s u rface leakage surface su r face per 2il hr. per 24 h r . per 24 h r. per 24 h r. 
Minutes Feet Feet Feet Feet Feet F<et Cu. Ft. Cu. Ft. 

( 'ollege E n~t Farm , F o rt Co llins. Colora do, E.- \\· L a.t e n t,I-21/~- inch c o nc ret e linin g. 
(i/11 / 4(j 10 :55A 12 :55P 120 296.1 0.867 2.4-0 3.17 0. 78-0 0.016 0.764 0.578 
6/ 11/ 46 J2:55P 2:i\5P 12-0 .810 2.35 3.05 .576 .om .560 .43:2 
6/ 11/ 46 2:55P 4 :55P 120 .765 2.29 2.94 .528 .016 .512 .399 
6/ 11/ 46 4:55P 7 :55P 18-0 .716 2.23 2.83 .424 .016 .408 .321 
6/ 11/ 46 7 :55P 8:55A 78-0 .553 2.05 2.46 .5-06 .026 .48-0 .4-00 
6/ 12/ 46 S:55A 10:55A 120 .398 1.84 2.05 .456 .031 .425 .381 

College E as t Fa rrn, Fo.rt Co lU.n s, Co lorndo,, :E--,,· L n.te ral-3- in eh c o ncre1.e lin.ing. 
!i/ll/ 4G 10:59A 12 :59P 120 307.2 0.870 2.46 3.20 0.432 0.016 0.416 0.320 
6/ 11/ 46 12:i\9P 2:i\9P 1:.1-0 .~o 2.42 3.13 .288 .016 .272 .210 
6/ 11/ 46 2:5!lP 4 :59P 120 .815 2.4-0 3.07 .3-00 .016 .284 .222 
G/ 11/ 46 -!:591' 7:59P 180 .790 2.37 3.0'2 .J02 .016 .176 .138 
6/ 11/ 46 7 :59P 8:59A 780 .694 2.26 2.80 .310 .026 .284 .229 
6/ 12/.46 S:59A 10:59A 120 .599 2.13 2.57 .264 .031 .233 .J.93 

Coll eg e E as t F a rm , Fort Co l Li ns, Co loTa.do, X -S Latera.l-2-inc h oil )inin g. 
:! fi/ 11 / -!G ll :O:lA 12:03P C,O 136.1 0.588 3.50 3.7G 4.11 0.02 4.00 3.Sl 

(l/11/ 46 J2:03P 1 :03P 60 .43(1 3.01 3.19 3.22 .02 3.20 3.02 
6/ 11/ 46 1:03P 2:03P 60 .310 2.61 2.72 2.83 .02 2.81 2.70 

3 6/ 11/ 46 3:17P +:17P 60 0.432 2.99 3.16 2.59 0.02 2.57 2.43 
6/ 11/ 46 -1:17P 5:17P 60 .328 2.63 2.76 2.40 .02 2.38 2.27 

CoU ege E nst F a nn, 1_.... ort Collin !-i , Colorado. ~ -8 Late rn l- 3- in ch b entonite U11iJ1g. 

2 G/ 11/ 46 11 :05A 12 :05P 60 63.0 0.461 3.19 3.39 3.41 0.02 3.30 3.19 
6/ 11L46 12:05P 1 :05P 60 .318 2.46 2.58 3.43 .02 3.41 3.25 

3 6/ 11/ 46 3:18P 4 :18P 6-0 0.354 2.67 2.80 2.62 0.-02 2.60 2.48 
6/ 11/ 46 4 :lSP 5:18P 60 .2112 2.08 2.16 2.81 .02 2.79 2.69 
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F'igu1e 11.- l'oo l in 1 .... at l' l':tl ~o. :! ~ort h. 
East Co nl ra Costa I r1·igalio 11 Di8t ri <·!. 
Brentwood , ( 'a li fo rn ia. C'o11tlitiun of' ha nks 
is al £o shown . 

from th origina l cross-sectio ns a nd 
\\'ere no longer uniform. (See fi g-
ure 11.) The cross-section s taken 
in dicated, however, a simil arity of 
section with bottom widths of from 
5 lo 6 feet a nd side slopes of a bout 
I ½ to I , except Lateral 3 o uth 
which had a bottom wid th or :l 1/~ 
feet. 

The portions of the laterals tes t-
ed in each case extend ed from the 
heaclga te in th e main can a l to the 
check or clam at th e lower encl o f 
the pool at th e distance g iven in 
tab le 8. There were no cliversiom 
rrom the late ra l during th e time the 
observa tions were bein g made and 
a ll gates were inspected Lo see that 
there were no lea ks. Where the 
seepage loss was sma ll , observa ti o m 
were mad e on a single fillin g of the 
pool, but wh ere th e losse · were high 
severa l series of o bservations were 

age rate decreased a fter th e so il had 
are set o ut in table 8. 

mad e to cl isclose whether th e seep-
become thoroughl y welled. The results 

The ou tstanding result of th e observati ons was th e wide di[[erences in 
th e seepage ra le from th e dif(erent la terals. It is apparem a lso th at puddling 
had littl e effect o n the seepage rate from Lateral 5 South beca use the loss 
was gTeater tha n that from either Latera l o. 3 South or No. 2 1orth, which 
were in simil ar so il a nd untrea ted. Thi5 phenom enon was attributed to the 
fact th at th ese soi ls cracked badl y when dri ed and consequ ently the e[[ect of 
puddling was temporary. Furthermore, th ese cracks persisted in th e subso il 
and resulted in a high percentage of voids. While the project la nd were 
being brought under irriga tio n, strea ms of several second-feet would frequent-
ly d isappear in to ho les in a field. All th e water was ta ken up by the voids 
in the subso il and the fl ow would continue until ho le; were plugged by dyna-
miting. No doubt the cracks in th e la teral bed did not sea l compl etely when 
water was turn ed in , and as a result the cracks led to the more porous so il 
below, which provided an easy passage for the water. 

Lateral No. 6 North was excavated in a heavy clay so il which conta ined 
sand a nd gravel. A very low rate of loss was found [or the la teral. In fact , 
the rate wa less than th at from some co ncrete- lin ed chann els. This la tera l 
had previously been puddled , but a conclus ion that the low rate was ca used 
by puddling is d ebatable in view of t he sma ll effect from this treatment 
previously no ted. Jn order for pudd li ng to be effective in so ils o( thi s char-
ac ter, th e la tera ls would probably have to be kep t wet continuously. 

L atera l o. 3 1orth , see fig ure 12, was excava ted in fin e blow sa nd in 
1922 and a t the time observations were made. had never bee n used . This so il 
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is of cons iderable dep th a nd does not conta in hardpa n. The pool was formed 
by a sand clam in each end of the secti on chosen a nd was fill ed by openin g 
the headgate in the pi pelin e under the bed of the la teral a t th e north encl 
of the pool. 

Because of the very high rate of seepage, th e drop in the pool was read 
at app rox imately 15-min ute intervals. Observations were continued over a 
7-d ay period by refilling th e pool when ever most of the water had disappeared. 

Fi g ure J2.-Poo l in lntc ra l No. 3 North , Enst 
Co nti·:i Costa 1 rri g·nti on Distri<:I. Hre nt w ood , Cali -

A ., ummary of the results 
of severa l representat ive 
series is g iven in table 8. 
Betwee n seri es 7 and 8 an 
a ttempt was made LO seal 
th e pores in the sand by 
dumpin g severa l yards ol 
clay in to th e pool at th e 
inl e t while th e pool was 
being fill ed. This meth od 
d id not prove to be effec-
tive beca use th e clay did 
no t have enough tim e to 
become thoroughl y mi xed 
with the water and con-
sequentl y most of it was 
d eposited with in 50 feet 
o f the inl et. The observa-

l"n rni a . tions of series 8, which 
we re made the next day, 

indica te th a t th e seepage was reduced slightl y but much more clay wou.ld 
have to be added LO be reall y effecti ve. T here was a d efin ite reduction in 
seepage with d ep th a nd also with th e number of tim es th e pool had been 
refill ed. 

Observat ions were also made on two concre te-lined laterals of the Easr. 
Contra Costa Irrigation Distri ct. Lateral No. 6 South is on o ne of the r idges 
ex tending southward from the main ca nal on the east side of Marsh Creek. 
The so il here is lighter textured th an in th e surrounding areas. The concrete 
lining of the la teral, pl aced in 1918, is 2 inches thi ck and was in good condi-
tion a t the time o f th e tes ts, but was di stinctly porous. Lateral 7 I'ior th wa~ 
excavated in a heavy cl ay or adobe soil and was lined in 1915 with 2 inches 
o f concrete which was in fa ir condition in 1923 when the seepage tes ts were 
made. Latera l 6 South had a bed width of 4 feet, side slopes of approx imately 
I ½ to I and a d epth of 3 feet. Lateral 7 North had th e same genera l shape 
b ut was onl y 2.5 feet d eep. T he seepage loss from Lateral No. 6 South (table 
8), was fo und to be unusually high for this type of lining. Observat ions were 
m ad e on 3 co nsecutive clays and the pool was refill ed each clay, but there 
was no appreciable reduction in the seepage rate as the und erl ying soil became 
sa turated. It is beli eved tha t th e porous co ncre te used in the lini ng an d the 
character isti cs of the soi l in whi ch the la tera l was excava ted were the principa l 
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reasons for the high rate of seepage which reached a maximum of over 3 
cubi c feel per sq uare foot of wetted surface per 24 hours a t the highest stage 
of the lateral. hese observations show a defi nite relation between eepage 
and depth. 

Altho ugh the lining of La teral o. 7 North d id not see m to be superior 
to that in Latera l 1o. 6 South, the seepage was approx imately one- tenth as 
m uch (tab le 8) , and this difference was probably due largely to the heavier 
soi l in which Latera l o. 7 orth was excavated. However, the seepage loss 
was m uch grea ter than that from th e bas in; of the ma in cana l. T he tests on 
Lateral o. 7 orth covered a 5-da y period a nd a lthough the seepage ra te 
decreased with the lowering of the water surface, it is not clear wh ether the 
decrease was due to th e reduction in head or the s~elli ng of the so il und er 
the concre te. 

TURLOCK IRRIGATION Dl!STRI CT LATERAL 

Two ~cries of observa tions were made on Latera l o . 5½ o f the 1 urlock 
Trriga tion Di trict, T urlock, Ca liforni a, in October 1923. T he port ion of th e 
lateral under test was lined the year previo usly with 2 in ches of concrete lai(\ 
without expansion jo ints. At the t ime of the tes ts th e lining was in perfect 
cond itio n. (See fig ure 13.) The so il in which the latera l was formed i5 
very sa nd y. v\lhen til e lining was constru cted , the size of th e la teral was 
reduced by pushi ng in the sides and excavating a new chan nel in the fi lled 
material after it had been compacted by soa king with water. Co nsiderable 
leakage occurred through gates a nd checks during the tests. T hese losses 
were measured but since they exceeded the ~eepage (table 8), erratic re ults 

ll'igure 13.-Puul in Lateral 5 ½ , Tur lock Irrigation District. 1' urluck, nlifornia. 
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were obta ined in the seepage measurements. For this r eason too grea t weight 
should not be given to Lh e resulLs, but th ey are be li eved LO be fairly reli ab le 
because they are compara ble to those obtained from th e basi ns o( the Bren t-
wood Main Canal. 

After more than 20 years of serv ice the li n ing o( thi s la te ral was still in 
good conditio n according to a report rece ived from th e Chi ef Engineer o ( 
t he Dist ri ct. The onl y trouble experienced was the eros io n of the banks 
resulting from recent use of th e adjo ining la nd as a pas ture for cat tle. Owing 
to th e sandy so il th e banks had been tramped down to the extent th at a 
portio n of th e lin ing was unsupported and co nsequently there was a sligh t 
leakage visible thro ugh cracks in th is portio n. The p lan was Lo rebui ld the 
banks with earth to support the lin ing a nd to fence th e la tera l to keep the 
ca ttle o u t. 

FR ESNO I RRIGATION DISTR ICT CANAL 

After comple ti ng a seri es o [ current-meter observatio ns to d etermin e the 
.;eepage from the Houghto n Ca nal o[ th e Fresno Irrigation District a t Fresno, 
Ca li forni a (page 88 and tab le 9) , a pool was formed in the ca na l to check 
the measuremen ts by noting Lhe drop in the water surfa ce. J,' igurr: 14 show, 
a portio n of the pool. The east end of th e poo l was formed b y the check 
a t the High Ditch diversio n and the west end by th e check at \,Vest L a wn 
Avenue. The bottom widLl1 of th e secti on uml er Les t was a bout 11 fee t a 11d 
the sides were erod ed Lo approximate ly naLural slopes. Beca use of th e grade of 
the ca nal the upper end o f Lh e pool was quiLe shallow. The ca na l is i11 sa ndy 
soil and in some places th e bed is in hardpa n. Some di[[icu lty was experi-
enced in sLOpping th e lea ks Lhrough th e hcadgaLes and checks a nd some in[low 

Fi gu re l-1.-Pool in JlougLton Cana l at J,' resno, Califon:ia. 



58 COLORADO AG RI CULTURAL EXPERIMENT STATION 

occurred at the upper check. T he inflow exceeded the losses through the 
gates, which accounted for th e ga in from th e source . (See table 8.) Obser-
va ti ons were made twi ce da il y through a period of 3 days. The seepage 
losses found we re quite consis tent and in ge nera l decreased with th r depth , 
but th ey were slightl y grea ter than those ob ta ined prev iously from th ::: 
continuo us record o f inflow a nd o utflow based on current-meter me:1 5u1 ements. 

GAGE CANAi. 

The current-meter measurements o f seepage on the Gage Cana l, a t Ri ver-
side, California (page 79 an d ta ble 9) , were checked by no tin g th e drop in 
a pool compris ing th e termin a l bas in and a portion o f the lower end of the 
ca na l. H ere, as elsewhere a long the cana l, th e co ncrete Jin ing was 3/ 4-inch 
thick . T he so il is a heavy black cla y or adobe. During the 7-day peri od o f 
the test there were no di vers io ns for irriga tio n but th ere was a small amoun t 
drawn o ut for domesti c purposes. This withdrawa l was measured once 
during th e period a nd was assumed to be consta nt. The tota l area of th ::: 
ca na l a nd basi n was 2½ acres a nd th e depth of water ranged from 0.4 foot at 
th e upper end o ( the pool to 3. 11 fee t a t th e lower end. Beca use of th e 
irregul ar shape o f the pool th ese seepage measurements are not reported in 
tab le 8. The average seepage loss for th e period was 0.028 cubic foo t per 
square foot of wetted surface per 24 hours. For the two seri es o f current-meter 
measuremems th e losses for the entire ca na l were respecti ve ly 0.037 a nd 0.047 
cub ic foo t per square foot per 24 hours. Altho ugh the percentage di[(erence 
was considera ble, the ac tu a l losses ag-reed as we ll as could be expected in 
view of th eir sma ll magnitude. 

At the tim e th e tes ts were made the lining was 30 years old , and it is now 
(1947) 50 yea rs sin ce the lining was laid. ccording to a recent report from 

the compan y's engineer the old lining is still in use a nd annual repa irs, con-
sistin g mainl y o f patching p laces where roots or eros ion have damaged the 
lin ing, require from 3 to 5 sacks of cement per mil e of ca na l. T hi s is an 
o utstanding exa mpl e o[ th e d urabi lity o f co ncrete linings. 

COLORADO FAR M LATERA LS 

Observations were mu le in March 194'!. o n the outlet channel fo r a fa.rm 
p umping plant nea r G il crest, Co lo rado, to determin e the losses. Two pools 
were constru cted in th e cha nn el by building a n earth dam a bout midway 
between two checks a nd th en pumping th e basins full of water. Since the 
d itch was in very sa nd y so il and had not been in use since the prev ious year, 
th e first fi ll ing of th e pools was allowed to soak away so as to wet the ground 
thoroughl y. The pools were then refill ed and observat ions o n the ra te o f 
drop were taken at 5-minute interva ls until Jess th a n I-foot depth 0£ water 
rema ined . Beca use o f th e sa nd y so il , th e ditch had lost its o rig inal shape a nd 
was bad ly eroded nea r the checks. The average bed width was 3 feet and 
the average width a t the high-water line was about 6.5 feet. Th~ water in 
th e pools was from 1 to 3 feet deep. Th re were no leaks and since th e 
seepage ra te was very h igh , no cnrrection was m a~le fo r eva po rati on. 
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The rcsulLs of th e o bscrvaLi ons arc g iven in tabl e 8. Both pools showed a 
high raLe of loss a nd Lh a t from th e no nh pool. whi ch was deeper, co nsistentl y 
exceeded th at fro m Lh e so uLh pool. H owever, th e raLe from each pool 
througho ut Lh e period of obser\'ations was app arentl y independent of th e 
d epth . For Lhi s reaso n iL mu st be ass um ed tha t th e higher rate from Lh e 
north pool was clue Lo a difrerence in Lh c so il rath er Lhan Lh e depth. The 
losses here measured a rc co111parable Lo those fro m Latera l No. 3 North at 
Brent wood , Californi a, whid1 is a lso in very san el y so il. 

Seve ral seri es of observaLion s were mad e in 1945 and 1946 Lo determin e 
the seepage losses from a laL..:ra l o n Lh c Co ll ege East Farm at Fort Co ll in s. 
Colo rado, before and a [Lcr iL was lin ed. T he latera l was excavated in earth 

cl ass ifi ed as Fort Collin s 
loa m, a fa irl y heavy so il. 
A portion o[ Lhe la teral is 
shown in figure 15. Two 
pools were form ed in Lh c 
lat c r a I by build ing a n 
c,trth d am al each encl of 
th e section LO be tes ted. 
The poo ls were fi ll ed with 
city wa ter through a fire 
hose a trnchcd to a nearby 
hydran t. The drop in Lh c 
water surface was measur-
ed on sLaff gages readin g-
Lo 0.0 I foot , located at th e 
ends o f th e poo ls. The 
seepage observations were 
made in March, and sin ce 
the lateral had not been 
used sin ce the previous 

F;inn , Septen1ber, th e sections Fi gure 15-F a rm lnte ra l. Coll ege F. nst 
Fo r t Collin s, Co lo ra do, befo re heing lined . 

were sa turated by allowing 
the first fillin gs of Lh e poo ls LO seep away before measureme nts of the losses 
were begun . The resul ts o f Lh e seepage meas urements are given in table 8. 
The losses in both poo ls were nea rl y th e sa me and amounted to abc-ut 5 cubi c 
feet p er square foot of welled perimeter per 24 ho urs. 

After completion of Lhis seri es o[ seepage measuremenLs, th e la tera l was 
filled with ea rth a nd compacted with a , hcepsfoot ro ller. A new laLeral 
was exca vated in the fill ed mater ia l Lo Lh e d imension s a nd grade required 
for th e lin ed sect ions. These lin ed sections co nsisted of 300 fen each of 2, 
2½ and 3- in ch co ncre te linings, 65 fee t o f 3- i11 ch bentonitc and earth linin ~. 
and 136 fee t of 2- in ch oil a nd ea rth lining. The concre te- lined sections were 
approxima tely se mi -c ircula r in shape with Lh e LOp 30° o[ Lhc arc on each 
side tange nt to the curve. (See figure I fi.) All the co ncreLe-lined section s 

t1na e n y 111 g Ull l t r JJUl. ll l) II!', Ul LIi t: Jcil C l d l. , •v111...11 l.ll \., "'-'- lJ n5\.. vv_,.._ ... ,u .. •v •• v 

were repea ted a yea r la ter, th e losses showed the sa me tendency. (See ta ble 
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~ 17.3 inches j 
guide roil r- rooius 15 inches 

tmi~w---,----'-- c.,I -//1~ --r-- -- ,,;----+.-.=.,; 

q / .. f't) ,' 

/ I ;e.~ / 
'--- 120°/ . 

I 

lining 

lining 

CROSS-SECTION 
SEMI-CIRCULAR LINING 

F ignre l G.- D C's ign of SC'm i -c irf'11 lar c.: nncrett' linin g- for farm l:i1f' l':l l , ('o lJPgP East 
li'nrm. Ii'ort C'1)lli 11 s, Co lo ra<l o. 

were built with a radiu s o f 15 in ches. T he lining was pl aced without fo rm, 
by means o[ a ro ta ti ng trowel a ttached to a p ipe on the latera l axis. A l -to-5 
m ixture o l Portl and cement a nd screened gravel was used. Figure 17 shows 
the fini shed lining. T he o il and bentonite li nings were made trapezo idal in 
shape, with a 2- foot bottom and I ½ to I side slopes . About l O po un ds o l 
bentoni te were used per sq uare ya rd o[ th e bento 11i te lining, and l ¾ gallon; 
of oi l per square ya rd o f th e o il lini11 g. The so il for th ese mixtures was taken 
fro m th e materia l excavated from th e lateral. 1 he ma terial for the oil 

Figure 17.-Finis bed section of C'OnrrrtP li ning o f farm lnteral. Col lPge Enst Fnrm, 
F'ort Co11in s, Co lorflflu. 
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a nd th e ben tonite linings 
was mixed in a concrete 
mix er and a fter it hac l 
bee n shoveled into place, 
it was compacted by h;ind 
as ~how n in fi gure 18. 

l•'igurc 1, .-Oi l li nin g o f farm la te r a l , Co llege 
.Ea !-i l Ji'a rm , Fort Col l in s, Colornc.lo. 

These lin ings were ap-
pli ed d ur in g Jun e l Y45 
and t11 ey were tested for 
seepage in September 1945 
and again in J un e 1946. 
Pool s were made in the 
concrete- Ii ncd secti ons by 
p utt ing boar cl s in the 
grooves in th e turnout 
structures and fi lling the 
space betwee n the boards 
with ea rth. Earth dams 
were b uilt in the oi l and 

bc n to nite - lined 
between boards, 

secti ons 
whi c h 

were cut to fit the scctiom. 
T he poo ls were fil led with 
water from th e d itch th a t 
suppli ed th e latera l. A 
point gage (figure 19) was 
used to m easure th e drop 
in th e wa tcr surface. ll 
sections were a ll owed to 
become sa turated before 
observa tions o n tb e seep-
age losses were comm enced . 

The resul ts of the oh-
serva ti o ns arc set o ut in 
ta ble 8. A ll types of lining 
were e ffective in redu cin g 
sccp;ige a nd the concre te 
lining prncl ucccl th e great-
est redu ct ion. T he effec-
tiven ess of th e co11c-re te 
linings did not in crease 
with the thi ckn ess of the 
Ii n i ng ; in fa ct, the 2-i nch 
I i n i n g was a pparently 

l1' igu re l !l.-Poi11 t gagp ln•rng used to III asu re 
drop in w :il l' I' s11rf'ace o r poo l in <·nnc L·ct e - li 11Pd 
sce ti on oC far111 ln!eral , Co llege J~~a ~L F'ann, F' oL·t 
('nl li ns, ( 'n lora<l o. 

superio r to th e 2½- in ch l ini ng and equ al lo th e 3- in ch lining. Variat io ns 
in th e so il und erl ying th e concre te do not accoun t [or th e differences beca use 
the so il on whi ch th e 2-inch lining was p laced conta ins more sa nd tha n that 
und erl yin g oth er por ti ons o f th e la teral. W hen the seepage obsen ·at io ns 
were repea led a yea r la ter, the losses showed the same tendency. (See table 
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8.) At that time, however, all the losses through the concre te linings hatl 
decreased, whereas a cl e[ in ite increase in ~ccpage was noted in the oil an<l 
bentonite l inings. Although th e concre te lining was carefull y placed , under 
contro ll ed conditions, neverthel ess, the losses were higher than those shown 
for some o( the other li nin gs reported in table 8. 

SUMMARY OF R£SULTS OF SEEPAGE ]VfEASUREi\ IE:\'TS 

A stu dy of the resu lts of these tests (table 8), shows that th e 
losses measu red by the pool method are more consisten t than 
those determ ined by current-meter gagings. (See table 9.) In fact , 
it wou ld be imposs ibl e to detect losses as sma ll as those from good 
concrete- lined canals by the current-meter method. T hese data 
show a lso, that some un i ined ca nals lose less water tha n some I ined 
cana ls, bn t where the losses fro m concrete-l ined cana ls we re h igh, 
the concrete was porous or in poor condition. I n some cases, 
howeve r, the reason for the high losses was not apparen t. A n-
other importa n t fac t disc losed by these tests is that the so il classi[i-
cat ion a lone is not a satisfactory gu ide in est imating seepage losses. 
It wo u ld seem that the on ly safe procedu re is to measu re the 
ac tua l losses, and to do this the poo l meth od is most sat isfactory 
wherever the cond it ions a1e such that it ca n be used. 

I nflow-Outflow M easurements 

Seepage determi nations were made by means of cu rrent-
meter measuremen ts on both lined and un lined irrigation canals 
and la terals in vario us types of soils in Ca liforn ia. A description 
is g iven of each cana l or lateral tested. 

After the cana l in which the seepage was to be measu red had 
been chosen , sections were located which fu lfi lled as many as 
possib le of the requi rements previously ou tl ined. (See page 11.) 
H cond itions seemed to warran t, water-stage recorders were in-
sta ll ed at each end or the sect ion ; where conditions apparen t ly d id 
not j ust i(y insta ll at ion at [irs t, su bsequent developmen ts usua lly 
indicated the des ira bili ty o[ the register record. From the register 
records or the estimated velocity in the canal, the proper time 
in terva l between the gagings a t the upper and lower stat ions was 
com p u ted. Several gage read ings were take n with a plu mb-bob 
hoo k. gage before the gagi ng was started to determ ine wheth er 
the stage wa changing rap id ly. vVhere recorders were installed 
the record showed what was occurr ing. As soon as the stage was 
fairly constant the depths of water at the gaging station were 
measured. Soundings were made at 5-foot intervals in large 
canals, 2-foot in te rva ls in mediu m-sized canals, and 1 or ½-foot 
in terva ls in small cana ls. A thin scale was used in measuring the 
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depth s in earth chann els and an engi neer's level was u sed in lined 
sections. In the latte r case the depths were determined from the 
profil e across th e cana l and the e leva t ion of the water surface. 

After th e depth s had been determined, th e \·elocity measure-
ments were made with the curren t meter, a Price cup m eter and a 
Hoff propell er meter being used . Most of the measurements were 
made by vert ical integrat ion or th e 2-and-8- tenth s method , but the 
multipl e-point method was a lso employed. A stop watch wa 
used to take the tim e. The gage height was noted at the begin-
ning and end of th e gaging and if necessary at in termediate points 
to make it possible to compute th e t ru e a rea of th e sect ion for the 
period while the test was being made. 

Two or more measurements were usua ll y made at each gaging 
station , different meters or different methods being used. After 
the proper tim e interva l, as previous ly de termined , the same pro-
cedure was fo llowed at the lower stat ion . 

If the re were any d iversions or lea ks in the section of the canal 
under test they were measured during the interval between the 
gagings or immediately after th e gagings at th e lower stat ion. 
Large diversions were measured with the current meter, others 
,vere measured with rectangu lar or triangular we irs and if very 
small , with a cali brated can. The evaporation loss from th e 
water surface of the canal was measured in a circular pan, 8 inches 
in diameter, suspended in the water. A special hook-gage reading 
to 0.001 foot was used Lo m easure the loss. Th e temperatures of 
the a ir and the water were also taken. 

The length of th e section of ca na l under test was ascertained 
from the original survey notes, from maps, or by measurement in 
the fi e ld. Cross-section of the cana l were taken at both ends of 
the section and at intermediate po ints where changes occurred. 
T he area of the water surface and the wetted area were com-
puted from plots of these data. vV hen unlin ed ca na ls included 
lined sections, flum es, or lined tunn els, th ese were excluded. 

To determine the seepage losses from the spot measurements 
with curre n t meters, the average outfl ow (corrected for diversion s, 
lea ks and evaporation), was subtracted from the in fl ow. The loss 
per mi le· a nd per sq uare foot of wetted surface were computed 

• 'l' h 1• true rnf t• of' Joss PL'I' 111 il t• is: 

i = ,-c ~r/ll 
w ll Prl' i == rate o f: l oss per mi le 

H == number of m i les 
Q; = outflow 
() 1 = inflo w 

IIoweYer. if l hcre are tlin·rsiu ns p,·en I hi s Jn w does not hold ; the rl•fo re L11 e data 
presenled w ere co mputed on th(' ba sis uf a straight line ,·ariatiun. 
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from the net loss and Lhe length and wetted area o[ the ca nal. 
·when register records were ava ilabl the total infl ow and the out-
flow were computed rrom the gage.height records, an d the dis-
charge curves for the upper and lower stations plotted from th e 
current-meter measuremems a nd th e corresponding gage heights. 
The total loss clue to diversions, leaks and eva poration during the 
period was added to the outlfow. H the gage height at the end 
of the period differed from that at the beginning, a correction was 
made for channel storage. The net difference was the tota l 
volume oF water lost duri ng the period . 

LIND,A Y-STRATl-1.\JOR E CANA!. 

Li 11dsay-StraLhmore Lowline Ca nal, Lindsay, Ca liforn ia, was lined with 
g u11iLe i11 19 15. 1o cha nge was made in the ca na l section , th e gunite to a 
thickness ol' ½ inch be in g shot directly on the old surface. o expansion 

ii \ 0 

\ \ \ I \• I I \ \ \ r 

l1'i~11n· :!O.-Li11tlsa.r - ~·qrath1110rt• Lf ,wli11 e <':tlla l with gu11itc Ji11i11g when testctl 
fur Sl'C'pa gC' losses. 

jo ints were prov ided , and except for the shrink age cracks, the lining was in 
excellen t conditio1J, as shown in fi gure 20. T he canal section is irregul ar 
a nd on th e average the bottom is abo ut 6 feel wide a nd th e side slopes I¼ to I. 
The depth is abo ut 2½ feel. The ca na l lin e fo ll ows th e base o f the ierra 

1el'ad a foothills and th1o ughout its length it is excavated in Porterv ill e cla) 
loam adobe, a heavy soil which cracks badly when dry and p uddl es easil y 
when wet. 'o hardpan was fo u nd, but the bedrock lies very near the surface 
in some p laces. 

The test o n the canal were made during the period from Sep tember 22 
to September 26, 1922. At that time the ca nal contained con iderable mos 
although it was being treated with copper sulphate at several points. This 
moss imcrferecl with the meter i11 making measurement a nd also caused 
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considera ble flu ctu atio n at th e lower sta tion owing to the cloggi ng o[ the 
screens used in remov ing th e moss from the water a t th e pump ing sta tion 
which rai ses th e water to the bench Uum e. An attempt was made to reduce 
the flu ctua tion by grad uall y chang in g th e screens so th at at no ti me were 
a ll th e screens free or co nsiderably clogged, but on account of the di[ficulty 
m regul a tin g- the scree ns thi s procedure was no t entirely success[ul. 

The discharge measurements were a ll made with a sma ll Pri ce meter [or 
de termining the velocity and a n eng- in eer 's level a nd hook gage [or de termin -
ing th e area . Verti ca l integration , 2-and-8- tcnths dep th and multipl e- po in t 
were methods used in measuring th e velocity. Jn a ll , 1.5 gagings were made ; 
9 by th e vert ica l in tegrat io n method , 4 by th e 2-a ncl -8- tenths and 2 by the 
mult ipl e-point method as shown in table 9. Gag ings numbered 14 and 14-', 
17 and 17 ' , a nd 18 ;i ncl 18' were check measurements, th e first two being a 
comparison of two measurements by th e sa me method, whi le th e o thers are 
comparisons of d ifferent methods. Gagings 14 and 14', both verti ca l integra-
tions, dif£ered from each o th er by less th an I /5 of I percent, whil e 17 a nd 
17', and 18 an d 18', differed [rom each other by about I ½ percent in each case 
a nd in both cases th e vertica l integration gave a smaller discharge than the 
2-and-8-tenths method . Eight seepage d eterminati ons were mad e and o[ 
th ese [our showed ga ins and four showed losses, but th e tota l gain, , lightl y 
exceed ed th e losses, as shown by the mea n va lue in table 9. A gain in this 
section o f ca nal hardl y seemed possibl e and th e results ca n onl y be ex plain ed 
by the limitations of the method of measurement. 

ALTA JRRIC.ATION DISTRICT 

Alta Main Canal 

Alta Irriga tion Distri ct · Iain Ca na l, Dinuba, Cal iforni a, was con;tru cted 
in 1882. T he sect ion chosen for making the seepage measurements was built 
I 00 feet wide on th e bottom and was des igned for a water d epth of 5 feet 
and a ca pacity of 1,200 cubi c fee t per second . Sin ce that time the section 
had cha nged considerabl y as a result o [ erosion and the tramplin g o[ stock. 
The [a ll was about I 8 inches to th e mil e. The portion of t he ca na l measured 
ex tends from th e gaging ~ta tion below th e headga te to the hig-hway at Dun e-
ga ns Gap. From th e headga te for about one-quarter of a mile the canal 
runs through a deep cut in th e bottom land a long Kin gs River in so il classi-
fi ed as Hanford fin e sa nd y loa m. As th e ca na l climbs to the higher ground it 
cuts [or a short distan ce throug·h H o lland coa rse sa nel y loa m and from there 
o n skirts the footh ills, climbing rapidl y up the slope, whi ch is quite steep in 
this regio n. The soil here is Portervill e cla y adobe, loca ll y kn own as "dry 
bog" land. It is a heavy soi l free from hardpa n , but cl ose to bed rock a t some 
points. ln the river bo ttom th e ca na l cuts through occas ional gravel beds, 
but when the water was out o[ th e canal th e leakage through the hcadga te 
did not seep away readil y. Figure 2 1 show~ a sect ion o f the ca na l. 

Two short sections of concre te linin g:; occurred in th e portion o[ the 
cana l measured , whi ch were excluded in makin g the computations for 
seepage, but which provided nearl y idea l sections [or making the current-
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c. f. s . d eg . m i. ft. ft. ft. f t. c .f.s. c.f.s . c.f.s. 

Li nd s a,y-S tratlnn o re, conc re te lin ed , clay loan1 a dobe s o il. 
!) H ead 41.44 In t. 82 65 5.378 2.3 l l.3 13.0 2.1 - - - - .04:l 

2 1l Head 40.55 .2 & .8 82 65 5.378 2.4 11.4 13.2 :l.0 -- - - .OH 
3 13 H ea d 41.45 Jn l'. 82 (;5 5.378 2.4 11.4 13.:t :l.O - -- - .044 
-! 13 H ead 41.45 In t. 82 (j5 5.378 2.4 l l.4 13.2 2.0 --- - - .044 
5 15 H ea d 41.33 In t . 82 65 5.378 2.4 l.1.4 13.l 2.0 ---- .OH 
6 J7 H ea d 41.8 1. .2 & .8 82 u5 5.378 2.4 11.4 13.1 2.0 - --- .0-!4 
7 17, H ea d 41.26 In t . 82 65 5.378 2.4 JJ .4 13.1 2.0 - - -- .04-! 
8 JO H ead 40.65 M .P . 82 65 5.378 2.4 LU 13.:l l .9 - -- - .04-! 

Mea n 1 41.24 

A l ta l'\ ( a in , ea rth sect io n, cla,y a.dobe a.nd som e f in e sanel y loa m . 
!) 21 H ea d 116.27 I n t. 71 66' 1.346 1. 7 80. 2 81.1 1.0 =~.05 -- .J1 7 

JO z:, IIe,i cJ 122.5G .6 71 G6 1.346 1.7 80.3 81.1 1.0 2.68 - - .117 
11 25 l<~irs t li11 i 11 g 118.17 .6 71 66 .261 1.7 83.5 84.4 0.9 - -- - .02+ 
12 27 H ead 122.rn .6 71 66 .484 0.8 95.0 96.4 1.6 - -- - .045 
13 27 H ead 12'2.13 . () 71 66 .935 l.7 83.3 84.3 l.O 1.97 -- .076 
H 27 H ea d l 2'2.13 .G 71 66 1.346 1.7 80.3 81.l 1.0 l.!l7 - - .117 
15 28 11, irst lin in g 117.79 .G 71 66 .451 2.0 77.5 78.3 0.9 J !l7 - - .034 
16 i 8 First 1ini ng 117.79 .6 71 6G .862 1.9 76. 1 77.0 1.0 1.07 - - .075 
17 29 B low Campbe ll Lat. 111.77 .6 71 66 .411 2.0 70.9 71.7 1.0 -- -- .039 
18 31 H ea d 100.34 I nt . 71. 66 .484 0.7 94.8 96.1 l.5 - -- - .045 rn 31 H ead 100.34 I nt. 71 6G .745 1.3 88.8 89.8 l.O - - - - .067 
20 31 H ead 100.34 In t . 71 G6 .935 1.6 82.9 83.8 0.9 l.88 -- .075 
21 31 H ead 100.34 I nt. 71 66 .935 1.6 82.9 83.8 0.8 1.88 -- .075 
22 31 H ead 100.34 In t . 71 66 1.346 1.6 79.8 80.6 O.!J 1.88 - - .116 
23 32 F ir st lining 92.83 In t . 71 66 .261 1.6 83.2 84.1 0.8 - - - - .024 
2-l 32 First lin ing 92.83 In t. 71 66 .451 1.9 77.1. 77.9 0.7 l .88 - - .034 
25 32 First linin g 92.83 J ut. 71 66 .451 1.9 77.1 77.9 0.7 1.88 -- .034 
26 32 First li ni ng 92.83 I nt. 71 66 .862 l.8 75.7 76.5 0.8 1.88 - - .074 
27 :14 Ab o,·e Ca m pbe ll L a t . 96.37 I n t. 71 66 .l!lO 2.5 71.0 71.4 0.6 1.88 -- .Oll 
28 3+ A bove Ca mp bell L at. 96.37 I n t. 71 66 .100 2.5 71.0 71.4 0.6 1.88 -- .Oll 
29 34 Ab ove Ca m pbell L a t . 96.37 In t . 71 66 .601 2.0 72.3 72.9 0.7 l.88 -- .050 
30 35 B elow Cam pbe ll L a t. 91.04 I nt. 71 66 .4 11 1.9 70.7 71.4 0.7 - - -- .039 
31 36 Below Ca m pbe ll L a t. 04.2'2 .2 & .8 71 66 .411 1.9 70.7 71.4 0.8 - - -- .039 

Mea n 1 115.32 
Mea n 2 111.24 
~Jea n 3 J05.31 
Mea n 4 105.50 
Mea n 5 107.60 
) i ea II n 101.l 5 
ll1en 11 7 09.01 
111ea u 8 06.37 

A l ta 1\htin , rnt r t h sect ion , f irst ha.If mile f ine i,.a ncl~, loa m: r es t dr1,y a d obe . 
32 159 H ea d 80G. 79 .2 & .8 77 5;; 1.28G 4.1 92.:l !H.l 2.8 0.!l7 - - .21.!'i" 3:1 Hi2 H ead 715.2-! .2 & .8 77 R5 1.286 :u 00.0 !)l.(j 1.fl 8.no -- .209 
:l4 171 H ea d fl20.78 .2 &. .8 77 55 l .201 3.4 88.6 90.J 2.4 10.37 -- .204 

Mea n 0 620.78 
706.4 P t.' ri od 4 p . 111 . 6/ 17/ ~3 to () J).lll . 6/ 18/ ~:; 

A lht, E as t Bra,n d 1, t~arth sect io n , sa nd y lm:un . 
:15 1% O rns i L a te ra l :!0.01 .2 & .8 77 66 .(i58 2.3 25.8 2fl .9 .80 - - -- .02 1 
36 1.G7 Oros i La te ra l :l9.45 .2 & .8 77 66 .658 2.2 25.7 26.8 .8~1 - - - - 21 
37 l.60 Oros i La te ra l (ll.()!) .2 & .8 77 6() .658 2.8 27.4 28.8 .07 .(i5 -- .02:l 
38 174 Oros i Late ra l 50.71 .2 & .8 77 66 .658 2.6 26.8 28.0 .88 l .35 -- 2:: 
39 177 Oros i Late ral 57.58 lnt. 77 66 .658 2. 7 27.1 <!8. 5 1.0 1 .84 - - 2:l 
40 180 Orns i L a te ra l 72.20 l nt. 77 66 .G58 3.0 28.0 2\l .6 1.0 .80 - - :on 

i\foa n l 5:l.34 

(') Evnpo ra.t io n ta nk te rn p(• nst u res . Test nu mbe rs 9 to 31, i nc l. 
(') E a st Branc h rcco n l. '!'es t n u mbe rs 32 lo 34 , inc l. 
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Q., 
.0 a 
" " ~ u, 
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Es 

2 
3 
4 
:; 
G 
7 
8 

!) 
10 
1 1 
12 
1:1 
14 
l e\ 
16 
17 
18 
J!) 
20 
21 
:l2 
23 
2-t 
25 
26 
27 
28 
20 
30 
31 

'.le\ 
;l(l 
37 
:i 
30 
4-0 

TABLE 9. Contin ued-Su /Jage M easurements (inflow-Out/ low M ethod). 

" Q., 
.0 a 
;:, 
C 
bO 
i:: ·~ 
" 0 

10 
1:l 
14 
141 
1G 
18 
HU 
20 

::!2 
24 
26 
2S 
:lO 
:l() 
:l1) 
30 
:io 
:l4 
:~5 
36 
37 
:J4 
35 
36 
37 
35 
36 
37 
37 
37 

Lowe r sla lion Seepage loss 
u, 

cj -"' 
~ " ~ 
" ~i~ d 

"' ·"' " blJ " ~ .. -~ ~ ~ ~" 0 " 'O '<:l d 0 . ...: :? . :..·- <) ·a ·a 0 ~o~ 0-'0 -
C: u .c ~ 

u,c, -

" u, e: 0. i:; " ... ;i;ti C cS "' .3 ~ ~ = <ll <ll .... ~ ... A, A, ~ a: .= 
c.f.s. c.f.s . c.f.s. c.f.s. % cu.ft. 

Li ndsay-St r11 t h more, concrete l ine,1, clay lorun a d obe s o il. 
Low e r 41.2 1 In t. -11.2.'i . l!l .0353 .085 .OH 
l ,ow er 4 1.0:{ .2 & .8 41.07 - .5:! - .09G7 - .23 - .120 
Low e r -11.6:J Int. -11.(\7 - .2:t - .0-109 - .099 - .051 
Low e r 41.55 I n t. -1 J.5!) - .1+ - .02f,0 - .063 -.032 
Low e r -I L.02 In t. H.06 - .6-3 - .1171 - .283 -. 146 
Lower 1l.56 .2& .8 41. 60 .21 .0390 .093 .0-10 
Lower 40.0+ Int. 40.08 .:!8 .01,21 .1 26 .065 
Lo we r 39.3 1 ~Ll'. ;J!).35 .:10 .0558 .137 .069 

~lean 1 - .0209 - .0153 

A l t.a M ai n , ea dh i,;ec ti o n , cht,\' n d obe a nd i-;o m e f i ne !-l undy loa m . 

Second l in in g . 
Seco nd lin ing. 

Above Camp bell La t. 
1·t irst lining. 

Be low Cam pbell Lat. 
Second l ining. 

Belo w Cam pbell Lal. 
.·econd linin g. 
Second Ii ni ng. 
First lining. 

Above Camp bell L al. 
B elow Campbell Lut. 
B e low Ca mpbell La t. 

Seco nd linin g. 
Above Cam pbell L al. 
Below Camp bell Lat. 
Be low Campbell Lat. 

Second linin g. 
Below Campbell Lat. 
B elow Camp bell Lat. 

,ieco nd l inin g. 
."eco nd lin i ng. 
Second li ni ng 

105.'l(i 
108.:ia 
111.68 
117.7!) 
111.77 
106.34 
111.77 
106.3-1 
1011.:H 
n2.~~ 
!lG.'.l7 
01.04 
!14 .22 
87.13 
!)6.37 
!ll .0-1 
!l-1 .22 
, 7.13 
!Jl.04 
!l-1.22 
R7.1:l 
87.J:l 
R7.1:: 

I nt. 
.fi 
.H 
.n 
.f.i 
.H 
.n 
.fi 
.n 

111 1. 
l nl. 
I n t. 

.2 & .8 
l n t. 
1 nt. 
l n t. 

.2 c · . 
J nt. 
l n t . 

.2 & .8 
In t. 
I nt. 
1111. 

10 .()3 
111..1 3 
l l l.70 
ll7 .S:l 
11:3.82 
108.-13 
11 3.77 
10 .3!) 
10/l.38 
!l2.87 
!lfi.44 
!13 .00 
!J(i.1 8 
S!l. 13 
96.30 
!l2.!l5 
90.13 
S!l .08 
02.03 
96.11 

9.0(l 
87.17 
87.17 

7. U4 5.68 
11.43 8.40 

6.47 24.70 
4.30 8. 
8.31 . 0 

]3.70 ] 0.1, 
4.0-.! .01 
!l.+o 10.00 
5.30 1:u I 
7.47 15.43 
3.90 5.23 
7.34 7. ~ 
4.16 4.45 

11 .21 , .:i:i 
- 3.5(; - 13. fi-l 
--0 .1 2 --0 .27 
- 3.30 - 1.:12 

:l.75 -1 .:J5 
3.4! 1 .11 
0.26 l .37 
7.31 12. lfl 
3 . 7 0.42 
7.05 17.15 

~rc,1 n 1. 
Mean 2 
)!can 3 
.MeaD 4 
Mean 5 
i\[ean 6 
~lean 7 
Mea n 

4.88 1.15 
6.03 1.71 

20 .98 4.81 
7.25 1.51 
7.27 1.73 
8.34 2.05 
7.56 1. 6 
0.25 2.32 

ll.73 2.99 
15.38 2.63 

5.21 .05 
7. 2 1.53 
4.44 .87 
8.30 1.60 

- 14.69 - 2.65 
--0.291 -0.057 
- 7.80 - 1.54 

4.60 0.03 
18.70 4.15 

l .42 0.31 
12.62 2.73 
10.35 2 .1 6 
18.20 3.93 

7.08 
10.93 

7.24 
5.2 
6.56 

.43 
13.36 
10.11 

l. 65 
2.07 
1.6-'l-
1.08 
1.3 

.09 
3.04 
2.23 

A l t a, l\J a,i n , earth se<.•ti o 11 , fir ,.. t ha l f mi l~ fi np !'oand y loa m. : r t>!ilt , •la.y n cl ohe. 

l(ill 
163 
172 

1Hf{ 
168 
170 
175 
178 
181 

11. W . B r idge 
If. W. B ri dge 

~ f'f'O lld li n in g. 

n:10. 2,; 
736.41 
GR:l. 74 

.2 & .R 

.2& .8 

.2 & .8 

!l:J9.M 
745.31 
50-1.:l l 

-4 3.0c\ :i:uR 
- 30 .07 - 2:l.:!R 

26.47 20.!l!l 
~lean!) 

P <' riorl 4 p.m . 6/ 17/ 23 In r; p .m . fl/ 18/ 2:l 

A l t a, ~u~ t B ru nd, . ear t h ,.:N•t io n , ,;,and :,· l oa m . 

• San cl Creek. 
,:nnd Creek. 
Sand Cree k. 
Sand Cree k. 
Sund Cree k. 
Sand Creek. 

:is.o+ 
40.10 
nl .01 
50 .SO 
5 .1/i 
71.30 

.2 & .8 

.2 & .8 

.2& .8 

.2 & .8 
] Dt . 
lu t . 

:18.!lfl 
4-0.12 
f\1.(i8 
:i2.26 
fi0.02 
72.21 

.0:-i 
- .f\7 
- .:i!l 

- l. 55 
- 2.+l 

- .01 

.07fl 
- 1.01 8 
- .8!l7 

- 2.~:'ill 
- !l.708 

- .1 52 

:l.7:l - !"i.82 
- :l.27 -4. 18 

:l.38 3.8 1 
:l.38 3.81 
- .ORR - .077 

. l!J., .04R 
- 2.58 -.621 
- 1.47 - .510 
- 1.f\5 - 1.3 
-0.44 - 2 .1 3 

- .210 -.08-1. 

:\[en n 1 -2.517 - .7 2 

l',; ute: 'r he nega live sig ns in llirnte gnirns. 

C 

:3 
" -~ L, 
~ <ll ·;;;~ 
"'8 ,:2::; 

C) = 

1 
1 
l 
l 
1 
l 
1 
1 

1. 
] 
4 
2 
5 
1 
6 
:i 
7 
2 

5 
5 
1 
4 
6 
6 
3 
8 
8 

7 
7 

1 
1 
1 
1 
1 
1 
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"' ::, 
8 = " 

41 
4".!. 
4:j 
H 
4;; 
4() 
H 
48 
4!.l 
50 
51 
52 
53 
54 

55 
56 
57 
58 
50 
60 
01 

()2 
63 
(j-l, 
65 
(j(i 
(i7 
(iS 

TABLE 9. Contin ued-See/1age Measure111 e11ls (Inflow-Ou lflow M ethod). 

"ti, 

0 

Upper stalio11 

" 0 

AYerugc 
Te111pern · 

t ur('. u· 
" C 

c.f.s. mi. It. ft. rt. ft. c .f. s . c.f.s. c.f.s. 

Gugc. co 11 cr e1e, loums u nd sa nd y loa m s or n triou s types. 

40 Upper Wt·i1· ~:;.11 I 11 t. fi7 r.:1 11.()8 UJ L ,4 10.-1 1.U .-IUO' 
41 Uppe r , ve ir :./6.13 l 11t. 67 5:l lUiS l.O A 10.4 1.9 AOO 
H U(lper W e ir 26.61 .2 & .8 67 53 
4J Uppe r W e ir 26.64 .2& .8 67 5:l 
48 U (lpe r W e ir 25.21 .:./& .8 fi7 :i:{ 11.(k 
{!) U ppc1· , vc ir 24.72 ·- & .8 G7 fj;j ll.68 
5:! Upper , ve ir 23.frt .2 & .8 67 r;:; 11 .68 1.1) 8.-1 10.+ l.7 .-100 
ii3 ppc r Weir :./3.24 .2& .8 67 53 11.68 ].l) A 10.4 l.7 .-100 
50 Uppe r W e i r ".!.4.72 .2 & .8 07 5:l ll.68 ".!..O 8.5 10.5 l.7 .400 
57 pper ,vc ir 23. 77 .:l & .8 67 5:3 11.68 2.0 .5 10.5 1. 7 .400 

11.68 .400 
11.68 

)lean 1 ".!.4.54 
".!.4.9 l't• i·ioli ft'(llll 2 p,111. l ".!./ 2,/".!.".!. to 7 <L ill , 12/ ".!.!J/ ".!.".!. 

Jm1,c ri u l \\'c"' t S i,l e M lLin , earth section . s u.nd , fi no sun d , Yc r y fin e s a nd und 
c luy a nd s ilt y c la y of se,'e rn l t y pe~ . 

62 W est tlrain 280.27 .2 & . (15 r.2 1Hi!l 5.5 32.8 :l7 .1 1 . 2.49 .03 
65 " 'est ch-ain 27ll.05 .2 & .8 05 7>2 14.60 5.G a2.s :n.1 3.1 2 A 
68 W es t drai n 274.82 .2 & .8 G5 5:t H.6!) 5.5 :{2. :11.1 l.8 5.68 
68 \ Vest d rai n 274.82 .2 & .8 C.5 5:! 14.6!1 5.5 :12.s :n.1 1.8 5.(iS 
72 ,vest drain 271 .05 ~LP. G5 52 H .G!l 5.5 :12.8 :n.1 1.8 4.Gl .64 
75 , vest cl min ".!.80.8 .2 & .8 (15 n:! H.fj!l ri.5 :i2.s :n.1 1.8 7.50 .10 
78 W est clrai 11 :!73.87 )f.P. c.;; :-:1 H .60 5.5 :n8 37.1 1.8 7.G4 

)lea II l 275.05 

.0:32 

.032 

.032 

.032 

.o3a 

.033 

.368 

.3f,8 

.368 

.368 

.368 

.368 

.368 

277.5 l 'l•r iot.l fl'OIII Ill id 11i g- h l 1/ 22/ ".!.:l to 111id11ighl 1/ :!;"J/ :!:; 

Jmperiul F ill uree, earth ectio n. fi ne 

81 H ead 6.15 ] 11 t . 
83 H ea d 5.0-lc In t. 
83 Il N1cl 5.9-l In t. 
8-1 U'i r t bridge 5.46 J n t. 
8.5' I lea d G.O".!. J11 t. 
851 ll cad fj_02 l nt. 
8fi Fir ·t bridge 5.~4 l nt. 

)[can 1 0.04 
Mea n 2 5.08 
Mea n 3 5.40 

su,11d of se,·cr u l 

G5 02 3.17 .!l 
Cc, 52 1.37 .9 
65 5:! 3.17 .!) 
r,.:; 5i l.80 .8 
H:l 5:! 1.37 . u 
fi;) 5:! !{.17 .!l 
G5 :j:! 1.80 .s 

t y 1,es n nd 

6.G 7.0 
7.3 7.8 
fl.6 7.0 
5.0 G.2 
7.:l 7 . 
fi.G 7.0 
5.!J <U! 

s i lty 

l .4 
1.1 
1.4 
1.7 
1.1 
1.-1 
1.7 

c lay. 

.OlG 

.oos 

.OlG 

.008 

.oog 

.llHi 

.OU8 

(l) From reconl of Dec. :!S, lU:!:!. 'J'cst 11 u111 Uer~ -1:J , -1-1 , autl -:IV tu G:!, incl. 



55 
56 
m 
58 
5!) 
rm 
fl l 

f12 r,1 
G4 
fi.5 
f\(j 
fi7 
fi8 

TA 1JLE 9. Conti nued-Seepage l\lfeasurements (Inflow-Outflo w M ethod). 

0 

T. o wpr s lati o n 

" 0 

c. f. s. c.f.s . 

~f>e pnge Joss 

" 

" 
c.f.s. c.Ls . % c u.ft. 

Gugt•, (•0 11c·r.-1 e, lonm i,; un tl foiu n,l y loams or vn riou s ty p es. 

I JOW C I' ,v ei I" 
L ow er \Vcir 
L ower '\V eir 
Lowe r W e ir 

B e low t u11 ne l 
J:l plow t 11n11 PI 

L o w e r \Ve lr 
Lo we r W e i,· 
Lower W ei r 
Lo we r We ir 
L ower \V eir 
Lo w e ,· W e ir 

11u:1 
18. H 
:!Hi!I 
:!-1.77 
2G.70 
:!7 . lfi 

22.(l l 
:!2.-4 ::i 
2:UJO 
:t:l.74 
1ft:n 
:?3.07 

l 11L. 
1111. 
l11 L. 
111 1. 

.:!& .8 
,:! & .,' 

.:!& .8 

.:! & -~ 

.:!& .8 

.:! & .k 

.2 & .k 

.2 & .8 

25.18 
:!f> .2H 

2:u :i 
22. !J7 
2-1. -1 2 
:!.j-. ~H 

l' er io d from 2 p .111. 1:!/ 2, / :!2 to 7 n.11 1. 1:!/ 2!)/:!2 

,:\4 
.&I 

.21 

.27 

.:lO 
- A!J 

.0-l(l 

.072 

.Ql8 

.023 

.026 
- .0-12 

~lean 
.030 

.17!) .072 

.27fl .11:1 

.07fl .02, 

.099 .03() 

.105 .0-1 1 
- .177 - .065 

.097 .037 

.120 .OH 

lrn1, erirtl \\'est Si tl o l\lu.in, enrt li secti on , sn ud , f ino i,-nnd , , ·cry f ino su,ncJ u 11d 
duy and s ilt y t·ln y of se,1ern l t y 1-l es. 

fl-I 
fi7 
70 
71 
7-1 
77 
80 

82 
8-1 
8:i 
8£i 
86 
87 
87 

'.l'ho mpso n ·s Cro. s in g 

'l'hom pso n·s Crossing 
'l1 hompso n's Crossing 
'J'h ou.1pson·s Crossing 
'l'hompson ·s Cross iu g 
Thompso 11 ·s C r ossi11g 

26!).:?-I .2 & . 

.2 & .8 

.2& .8 
.\I. I' . 

.2& .8 
~[. I' . 

272. 1:l 

275.:J I 
271.G/I 
273.90 
277 .15 
271.27 

1•,, ri n d frum 111it111i g hl 1/ 22/ :!:l to m id11 i1,:ln 1/ :/fij:!:l 

8.H 

-D .-1 0 
:J.22 

- 2.t :i 
3.7a 
2.fiO 

- .03:l 
.21!1 

- .19-1 
.2iH 
.177 

~fea n 
.309 

.ms 
- .01 2 

.080 
- .072 .noo 

.O(iil 

.2-1-1 

- .015 
.097 

-.086 
.11 :! 
.()78 

.0!\!) .072 

.111 .13(i 

l nqterinl J, ... illareP, earth S"'4·tion , f i11 c ~nnd of :,. e,•prn l t;vp e,.; nnd silt y c llty . 

Seco nd u,·iug-,, 
L1,irst hrit.l g-c 

Seco n ,1 bl'id g e 
S'eco m l brid g,• 

l•' i r st b ridge 
Seco nd hrid g-f' 
Second bridge 

:i.:18 
;j..J(i 
:'i.:)8 
!'i.nS 
5. :H 
5.3!1 
5.:m 

I 11 1. 
I 11 1. 
ln l. 
l ilt. 
lil t. 
J Ill. 
]11 1. 

5. -10 
5.-17 
5.f~) 
!\,:,!) 
5.!l:l 
:'i.-1 1 
5. -10 

0.7/\ 
0 .-17 
0.3{ 

-f). l:l 
0 .fl7 
O.Gl 
- .Of\ 

.237 

.:l..J::\ 

.107 
- .072 

AS!l 
.192 

- .033 

Men n 1 
~lea n 2 
~!en n 3 

R.85 
r.. 77 
1.80 

- 1 .:1:1 
8. 1 :! 
:u 9 

-o.n2 
2.9G 
fi.!Jfi 
- .07 

.5:'i-1 

.71!.l 

.250 
- .190 
1.08 

.-1 -1 9 
- .0 ' 7 

.418 .sn 
- .1:\8 

X ote: The ncg-alh'f' sig ns i11dien te ga in s. 

1 
1 

1 
1 
1 
1 

1 

1 
l 
]_ 
1. 
1 

1 
'.! 
1 
:1 
2 
1 
3 



" "' .a 
8 
:, 

" 

TABLE 9. Con tinued-Seepage Measuremen ts (I nflow-Outflow M et hod). 

-~ 

Upper stat ion 

" 0 

" " 0 
~ 

Average 
'l'empe ra -

ture, F 

c.f.s . d eg. mi. ft. ft. ft. ft. c.f.s. c.f.s. c.f.s . 

i\lc rced Yosomit e L eG ru,uJ , ea rth soot-i on ; loums, g ra ,·e ll y loums, c l.u y lou ms und clay adobe. 

88 U' lum e No. 1 25.69 Int. 6.801 1.4 20.3 21.2 .88 
9 l<'lume No. 1 26.57 Int. G.801 l.5 20.3 :ll.-! .90 

88 h'lume No. l 25.09 J nt. !l.977 1.4 19.7 1 1. 2 ,8{ 
8!l ~'lume No. 1 20.57 J nt. 9.977 J .5 20.0 21.{ 9 
!JO l<'lum e No. 2 20.47 Int . 3.170 l.3 19.1 :!0.6 0 
91 U'lume No. :l 21.50 lnt. 3.176 1.4 19.4 :ll.1 .d 
9-! F'lum c No. 1 4-1.63 l nl. 0.801 2.1 2"2.1 ;l:{.5 l.1 
95 li' Jurne J'\o. 1 45.45 Int. 0.801 2. 1 2"2.2 23. li 1 .1 
94 l1' lumc No. 1 44.03 Jn l . !l.327 2. l 21.9 23.6 1.1. 
95 li'lume No. 1 45.45 Int. U.327 2.1 22.0 23.7 1.1 
96 }i'Jume No. 2 43.1 I nt. 2.525 2.1 21. 23.5 1.1 
97 11' Iumc No. 2 H.22 J nl. 2.525 2.1 22.0 23.0 1.1 

100 lnume N o. l 67.57 .2& .8 0.801 2.5 23 .4 25.l 1.3 
101 U' lume No. l 68.(11 .2 & .8 0.801 2.(i 23.5 25.3 L3 
100 li'Ium e No. 1 (i7.57 .2& .8 9.327 2.6 23 .3 25.4 1.2 
101 f;~lume No. l (iS.61 .2& .8 !l.327 2.6 23 .1 25.3 1.3 
102 J1'lume No. 2 58.82 .2& .8 2.525 2.4 22.2 2-l. 1.2 
103 B'lume No . 2 no.36 .2& .8 2.525 2.5 22.2 24.8 l.2 
lO(i F' lum e No. 1 56.42 l n t. 9.327 2.3 22.5 24.5 1.2 
107 L<'lum e No. 1 :"i7.08 Jn t. !l.327 2.3 22.5 24.5 1.2 

89 109 L<'lume No. l 48.68 lnt. !l.327 2.2 22.l 23.9 1.1 
90 110 Flume No. l 50.08 lnt. 9.327 2.2 22. l 2-1.0 1.1 
!ll 113 lt' lume No. 2 41.57 ] lit. 
92 lH Flume No. 2 41.90 J nt. 
03 151 'L'win Bridge 101.37 Int. 82 08 !l.512 3.2 24 .6 27.4. 1.5 
!l-l 151 'J'win Bridge 101.37 J nt. 2 68 !l.512 3.2 24.6 27.-! 1.5 
!l5 liH Twin Briclge 93.45 .2 & s2 2 68 !l.512 3.1. 24.3 27.0 1.4 
96 155 Twin Bri<lgc 04.70 In t.' 82 9.512 3.1. 24.4 27.0 ) .4 

Mean l 26.13 
.\lea n 2 f».89 
Mea n 3 56.5G 
)Iea n 4 51.6-1 
~Iean n 07.74 

95.25 l'e ri od rrom 11 J),lll . <i/ 8/ 23 lo fi a .m. 

lU er<"etl, Uurcll e.11 L rLt.ern.l : cu,rtl, secti o n : loam. a nd c loy adobe. 

97 1.57 Burchell 13.39 Tnl'. 23(i83 J .82Z 1.!l 12.0 13.0 .75 

Mea n 1 13.39 

( 1 ) From June reco rd. ~·es t s G!l to !JO. inc,. 
( 2) Measureme nts made on diffe re nt days. 'J',•sls !l:'i :ind !l<l. 
( 3 ) Yosemite L eGra nd records . 

.020 .H51 

.026 .H5 

.045 .211 

.045 .2H 

.019 .068 

.019 .009 

.039 .158 

.039 .15!l 
,070 .219 
.Q70 .~20 
.031 .06.1 
.031 .00:1 
.05-1 .167 
.054 .108 
.0 5 .233 
.085 .231 
.031 .06-1 
.031 .06-1 
.081. .22n 
.081 .225 
.075 .22 1 
.075 .221 

.283 .257 

.283 .257 

.197 .254 

.197 .255 

G/ 12/ 23 

.0233 

Gag ings numbe ,·: 39. 41. 43, 45, 47, 40, 53, 55, 57. 50 , 05, 70 , !l, !ll , !l3, 95, 97, 99. 
101, 103, 105. 107, 110, 11 2, 114 , 11.6, 1J 8, 120. 122, 126, 12, 146 a nd H S were m ncl e wHh a 
H o ff prope ll e r m e tN. All olhers we r!' mn,le wi th Price cup mr l·e ,· . 



TABLE 9. Cont inued- ee/1nge Meamrements (l11flow-011 lf Low Method). 

Lower station s~epage loss 
"' C: .,. 

.... tn ~ " ... .0 " " "' a ~c~ " .s 
.0 " " ,,,o 00 

" ·"' -E " ~ •• ~~5 ~6~ " 0 ~ ~ .~:.. " ~. ... 'O -;:; " .... - "ii ""'"' " " - 0 ~ g~ "' ·a O"'O --" oo<> - ·cn.o - -~ " "' :; "' . ...., 'T 00 8 00 "' <fl Cd~ 00 ... ::; CJtC'I "' " 0 i:i "' " "' ;';;:, 
!,; 0 I-" .... ..Jt~ ~ p.. 

P; ~ ·= C)" ,,.. .... 
c.f.s . c.f.s. c .f.s. c. Ls. % cu.ft. 

) f en ·ed Y osf"Jn it f> LeG ra nd , ('1lrth ~,~,·tion ; l oa m s, gnl\·e ll y loo rns, t·lu,y lmuns a.n d c lay ud ohe. 

G!J !JO Flume rso. 2 20.n l 11t. 20.04 5.05 .743 2. 9 .573 1 
70 !)[ Flume rso. 2 :!1.50 In t. 21.73 4.84 .7t:l. 2.68 .5-H 1 
71 !):! B e:l L" C r eek I U.~G I nt. 1.U.51 9.1 .!l20 :us .710 
72 !):! Rea r C r eek 2 1.30 1 n t . 21.GO 5.01 .50t 1.89 .384 
7:{ !)2 Hear Creek Hl.:!5 l nt. Hl.34 4.13 t.:lOO u.35 1.032 
H !):{ Hear Cr eek 21.:m I nt. 21.39 0.17 .054 .250 .042 
75 !)(j L,~1umc No. 2 4:l.18 l ut. 43.38 1.25 .184 .412 .1:!8 ~ 
70 !)7 Ji' lum c );lo. 2 ·14.2:! 1 n t. 44.42 l .O:l .151 .332 .105 3 
77 !JS '.l1 un11 el H .52 l li t. 4-1.81 - .1 - .om - .(H3 -.0.13 2 
7 !)9 'l ' unncl 4~.50 l nt. -15.85 - .40 - .(H3 - .095 -.030 2 
79 08 'l'unncl H52 l nt. H.Gl - l. --1:1 - .500 - 1.31 - .39-l 4 
80 99 Tunnel 45.5-0 I n t. 45.65 - 1.4:l - .56G - 1.2 - .392 4 

1 10:! F lume No. 2 GS. 2 .2 & . 59.04 8.5:l 1.254 1.SG .817 :l 
82 10:1 F l ume I\'tl. ~ G0.36 .2&. G0 .58 8.03 1.1 I. 1.72 .7G4 a 
sa 104 'r un ne l @.G4 .2 & .& 59.!JG 7.(i l .81/l 1.2 1 .52G 2 
iH .10:'i 'J.'unnc l !'i .5G .2& .8 5 !J.7:l 1.0.1:1 1.52 .OH 2 

104 'l'unnel 50.G-1 .2& .8 59 .74 --'l.02 -.3(H - .Gl!J - .2-10 4 
105 'r unne l 58.56 .2 & . 58.GG J.70 . (;7:5 1.12 .4-14 4 
10, '1'un nel ,.0.67 J nt. 50.98 5.H .5, '1 1.03 .3 0 ~ 
10, '.fu nnel m.01 In t. 50.!JS !l.70 .7 18 1.24 .470 2 

9 111 Tunnel 44 . 4 I nt. -15.H 3.54 .:iso .78 1 .200 l! 
\JO 112 ·runn rl 45.04 J n t. 45.:i+ 4.74 .W8 1.01 .:HG 2 
01 
02 
O:l 152 'l'u nne l 89.47 I nt. 00.0 1 11.3fl 1.19·1 1 .1 .713 5 
04 153 ,-run nel 00. .2& .8 !Jl .·12 0.05 1.04fi 1.03 .!l24 5 
95 15(i Tu nnel SG.87 I nt. 87.32 6.1:i ,(j.j..j .G 0 .300 5 
96 156 Tunnel 6.87 J nt. 87.32 7.4-1 .782 .825 .474 5 

"rea n 1 2.78 .559 
Mean 2 .91 .335 
Mean :i l. 22 .4G.5 
Mean 4 - .398 - .139 
i\le:1115 .9:38 .551. 

PNi o() Crom 11 J).111. f,/8/ 23 to 6 a.111. fi/12/ '.!:i .687 .39 

M er ced, Uur~·h ell L a tt~ral ; ea rth ~e(·tion ; lon rn a 11cl <' lay ndohe. 

97 158 Santa F e H. R 1:l.26 In t. 13.28 .ll .060 .450 .07(l 

'.\Cean l .-150 .076 

Note: 'l'h c nC'gnti\'e sig ns ind i(':llP gn in s. 



T ABLE 9. Continued-Seepage Mensuremen ls ( l nflow- Ou lflow JVf elh od). 

.. 
<!) 
.0 
5 
::, 

" 

U ppe r station 

" 0 
:;: 
" <) 
0 
~ 

Aver age 
T empPrn -

ture, F 

" 0 
'._:j 

"" .. 
0 
"'-
" ~ 

c. f. s . d eg . mi. ft. ft. ft. ft. c .f. s . c .f. s. c. f .s . 

A nd e r~on-Cott on woo cl }IR in ; eart h se<·tjon ; grnvel ly l 01un of di ffer en t t ypes. 

08 11 5 Stntio n N o. l. ) 28.82 In t. 72 6-1 1.032 3.7 ~3. 7 35.0 ].;{ 1.4::t 
no ur. S tnti o n No. 1 12-1.H lnL 72 G-1 1.o:i2 ~- 1 33., 35.0 1.2 l.4 :l 

J OO )10 f. ta t io n No. 1 1-11.28 .2 & .8 72 fH U l32 4.0 3-1. 3 35.8 1.:l 2.8.'l 
101 120 Sta t io n ;\' o . 1 1-1 :3.:l5 .2& .8 72 fH 1.!):{2 -1 .0 3-1 .3 35.8 u 2.83 
10:! 12:i l';t nt io ll c'lo. l l-lG.2-1. i\l.l' . 72 fH Ul32 4.1 :H.7 311.:l 1 .:l 5. 10 

, Lenn (1) 136.82 

A nd er so n- Cott on wood J\lnin ; ,~a rth sec·tion ; loam a nd g r R\' l'll y loam of di ffer en t 

103 125 Stnti o n s o. :1 08.7-1 J nt . '12 G-! -1 .014 3.1 22.0 2-1 .8 1.1 17.-10 
JO+ 120 Stnt io ll l\ o . :1 fH .77 I li t . 7:l G+ 4-f) H 3.1 22.!l 2-1 .8 1.0 17.-1 0 
1.0G 12() ~Hntin u ~o . :l r.7. lG .2 & .8 72 fl-I -1 .01-1 :l.O 22.7 2-1 .5 ].I Hl.1 8 
100 130 :,.;'falio n No. :1 08.80 Int. 7:! 6-1 -l.!11-1 3.0 22.7 U .5 1.1 1().1 8 
107 133 >Ha ti o ll So. :i 75.50 .2 & .8 72 IH -1 .0 1-1 :l. 2 23.2 25.1 ) .1. 15.86 
108 13-1 Stat io ll /\ o. :1 70.7/l I li t . 72 64 -1 .91-l 3.2 23.2 25.1 1. l Hi.8/i 

.\Ien n (1) 70.30 

..-\nd e rs on -Cottonwood L nte ra l 9 ; enr th sectio n ; g ra.,·e ll y loam. 

109 137 G rec n ·s B ri dge 8.10 In t. 12 rtt .GOG .!J 8 .5 !l.O 1.2 
110 J :l8 G ree n ·s Br id ge 8.5-1 In t. 72 6-1 .r.OH .!l 8.5 !l.O 1.3 

Mea n ( l ) 8.32 

Orln nd La.te rul :So. 8 ; ea rth section; gril\rell y , sand y loa1n , 

11.1 H l Li ned scc ti o ll 13.75 I nt. 88 77 .696 l .8 10.-1 11.4 0. 0 
112 H 3 Lined sect io n l ·l.05 .2 & .8 88 77 .606 1.8 10.4 11.4 O.!lO 

:llca n ( 1) 13.90 

Orlnntl l..a.tN·nl ~o. IO I ; t"}Ll'th s e <' ti o n ; Jr l'U\' e ll y , sa nd y loam. 

11 !l 1-15 Chec k 7.0.'l Int . 8S 77 .831 1..2 7.3 8.2 1.0 
114 146 C hec k 7.00 ln t . 8S 77 .s:n 1.2 7.:3 8. :! 1.1 

:ll ea n ( 1) 7.81 

Orla nd J,at e r a l So. 2 ti ; <·On cr ete; gra.,•ell y , s n.nd y loam . 

115 U p1 e r W e ir l.71 '\V eir 1 88 77 1./12!) .G 5. '1 5.8 .fi.'l 
116 U ppe r W e i r 1.71 , v e ir 88 77 1.202 .4 5.2 5.3 .9-1. 
117 M id d le W e ir 1.67 W e ir 88 77 .427 .7 fl.4 6.8 .~8 
11 8 U ppe r ·,ve ir 1.fiS W e i t, 88 77 1.620 .1\ 5.6 5.8 .02 
119 ppe r w ·eir 1.GS W e ir 88 77 l.202 .4 5.2 5.3 .!l2 
) 20 Midd le W e i r 1. 02 W eir 8 77 A27 .7 11.-1 6.8 .:n 
) 21 U p 1ie r W e i,· 1.fiS W e i ,· 88 77 l.020 .5 5.6 5.8 .62 
122 p 1ie r W e ir 1.fiS W e ir 88 77 l .202 .4 5.2. 5.3 .92 
12:i l\Ii cld le W e it· 1.00 , v e ir 88 77 .427 .7 G.-1 r. .8 .:n 

:1Iea n (1) 1.69 
Mea n (2) 1.69 
Menn (3) ] .0.1 

Orla nd U lghli11e; co n c r e te; loa m . 

12-1 HO l~nd l ini ng. 131.2-1. .2 & .8 77 2.11:\0 2.8 24.0 26.8 2.2 

:lfrnn (1) 131.2-1 

( 1) F o r test s lli\ t o 123, inclus ive, Cipo lc t t i w ei rs w er e 11 ·ell t o mens u 1·e the f lo w , 

.GS .0 ~ 

.GS .OS:l 

.51 .08-1 

.51 .08-1 

.77 .085 

types. 

1.55 .l-1 3 
1.55 .1-1:l 
1.66 .H 2 
1.00 .1-1 2 
1 .70 .H 5 
l.70 .Ha 

.05 .0 7 

.05 .007 

.008 

.008 

.013 

.013 

.011 

.011 

.om 

.011 

.005 
.008 .010 

.Oll 
.008 .005 
.008 .0111 

.011 
.oos .005 

.33 .17 



TA ll LE 9. Cont inucd-See/)(fge M easurements (lnf/ow-Oulf low M ethod). 

Lowe r sl n tion 8<'e pnge Joss 

... 
C) ... ,:, 

C) a ,:, "' 2 " "' ~. 0 

" " ~ ·ro ,n 
C) " H C, 

c. r. s. c.Ls. c. f. s. c . f. s. % e n.ft. 

A 111I PrNo n-Co tt o n woofl ) l ai n : en rth section ; grU\'(• 11 :r loam or differ ent t ypes. 

!)8 117 8t:1tion Xo . :! l :.!+.:1+ I nt. 120.5:l 2.2!! 1.1 85 .()20 .55-l 1 !)() 11 8 Stat ion i\"n. ::! 1:!:!. I!) ln1. 12+.:18 .11:1 .OlG .01:l .007 1 
1(1() l :.!1 Stat io11 :\'o. :! 1:1+ .7:i .2 & .s 1:18. 17 :l. 11 l.GlO l.H .7!l(l 1 
Hll 1:!2 Stat ion ~ti .:? 1:w.m .:.!&.8 1:l!l. !)!l :{.:Ui 1.7:l!l 1.21 .70:i 1 
1(1:.! 1 :.!+ Stntion Xo. :! 1:lH.:i:I ~I.I'. 1-H.:\7 ,:,n .8G+ .5!!1 .3 9 1 

)fran (1 ) .7!l l .408 

A tHIN·son -Co t t o n,,·oo,l M u in : PU r1 h sp(•tion : Jou m a nd ~ 1·a,·e ll y loam ot' di ffere nt t y JH!fiii, 

Hl:l 1:.!7 Sta lion Xn. + +8.;.7 I nt. 07.fi<i 1.08 .~20 .320 .H:i 1 
10+ 1:.!i-; Station ~o. -I iiO.+!l In t. nn.: .. "-: - +.8 1 - .nw - 1.0 1 - .n+r; ] 
JO:"i 13 1 Stal ion ~o. -I -IH.:l:.! .2& ., r.1.:10 - . I+ - .028 - .().J2 - .01!) l 
lOfl 1:l:.! ~tar ion ~o. ·1 +n.n:1 I nt. fi7.!ll O.!l, .inn .289 .J:l:{ ] 
107 13i\ Station Xo . + :H .fl l .:! &.R 72.3 1 :un .(i-t!l .860 .+2:1 l 
108 ,:{fl 8tatio11 Xo. -I :,-Ui!J ln l. n .:in +.~7 9 1.JG .57!l 1 

)[('fill (1) .225 .10-l 

A nderson-Co t t on wood Lntt'1·n l 9 ; ea rt h l'ie(·tion ; J,:"rn,, ·p ll y l on m . 

10!) l ~!l Wheele r·s Bridge 0.2~ l nt. n.:i+ l. 7fi '.!.!)().! 31\.!l 5.2 1 
JHI HO Wh e<' le r ·s Bridi.:e fl.70 l nL G.7H l.78 2.!)~7 ~+.+ 5.3+ 1 

Men n (1) 3:\. 1 5.~l 

Orln nd r...1tt e ral ~o . X· N tr1h se(~tion ; g r a ,·e ll .r, ~n 11cl y lon m . 

11 t H 2 B r idge n.s+ ln t. !l.85 :l.00 n.rio 40.7 8.0+ l 
t1 2 lH Britlge !l.!l·I ,2 & .8 ().!l5 4.10 5.89 4.l.9 8.45 1 

,Cenn (t) 41.~ 8.2+ 

Orla1ul Lat, .. r a l :>.o . ICII : N t,rth Nf"ction : g r a , ·t•ll y , /'>H Iid y loum . 

11:-: H7 Lo w e r CheC' k ii.GO l nt. 5.5 1 2. 12 2.55 :i:i.+ fi.09 l 
1H 1+8 Lowe r Cll c,('k !'i.S!l l li t. 5.90 2.nn :.!.52 ~1.5 5.0:l l 

Menn (1) 32.5 5.06 

Orla nd Lat< .. rnl ~o. 2 11 ; f'0 11c•r e h ,; grn., ·e l ly, :,.n nd y loam . 

11 5 Lo w f• r \ Vf'ir 1.fi2 \Yt•ir 1 1.!i+ .07 .o+:1 2.:'i l .121 1 
lHI .\li dtlle W e ir 1 .07 \V ('i r 1.(,~ .11:l .025 1.+fl .077 2 
117 Lo wer \ Vcir 1.ft! , vcir 1 .n:1 .o+ .on+ ,,.n:1 .22G ~ 
11 8 L OWf" l' \ Vfli l' 1.:,8 \ Vl' ir , .no .IIR .o+n 2.n2 .1'.{8 1 
110 ,.fi tld le W eir 1./i:.! W eil' 1.n:i .0;) .O+:! 2.50 .130 2 
120 L ow er W C'ir 1 .:,8 W e ir l.n!l .m .070 4.:12 .ms 3 
121 Lowe r \ Ve ir Ui8 \V(' ir 1 .(WI .rn, .O+!l 2.92 .13 1 
122 )C idd le W e i1· , .r,o , v e ir 1 .fl l .07 .058 !l.+5 .170 2 
12~ L owe r ,vei r 1 .fi8 , v e i r Ui!l .0 1 .02:1 1.4-1 .055 3 

M enn (1 ) 2. 7 .13~ 
Menn (2) 2.+7 .12!) 
MC'an (~) ~.82 .lfiO 

O rlnncl lli J.d llir u•: c·onc·1·e tP: lonm . 

12+ l iiO Chnt <'. 128.2(; .2 & .8 128. 71 2.n:1 .!l55 .728 .58.1 1 

Menn (1) .728 .58.~ 

(') J?o r t ,•s t s 11 :"i to 1:!:l , i11d11 ~i\·p, Cipo ldli w eirs \VP l'fl l l ~f' d tu lll(':18111'(' the fl ow. 



.... 
<l> 
.0 a 
" " ~ 
"' c., 
Es 

125 
12fi 
127 

l ~S 
12!) 
1:io 
131 
1:i2 
1:1:1 
1:H 
13fi 

TABLE 9. ConLin uecl-See/Jage Measurem ents (Inflow-Outflow Method). 

Average 
Tempera -

Uppe r stat ion ture, F 

" " " .:! B (ll 

"' (ll 
.0 <> oj a 0 <> a " ,n :l JS c...i.i: 0 ,n 0 

" "' ""' 0 "' ._. r.a 
0~ 

.... :... " ..., 
" " t o (ll 0" l>,<ll 0 0: ... 
'" ~ '"' 't:l .0 't:l ,n 

'.;:'t:l ..., "' ·;;; .... 
" .0 0 ... ti ';; .0 ... "(,) ..... ... ,n 0 
·e;, "' <> :l 3 ..., 0 l:OB oo: (ll "" "" <> 00 '- "' ~ " s:,..., """' '@ C .:: " " " 0 <l> "' ·- C: ""' 0 " 0 ..J i:i .; < ~ >-< {.) ~~ H?: :>2 A ...i r:,; ..., 

c.f.s . deg. mi. ft. ft. ft. ft . c.f.s . c.f.s. c.f.s. 

J?res no llou ghto n ; ea rth sect ion ; san<l 11,nd s a nd y Jorun, 
l 5 
1 9 
]!).j 

Grant AY e. 
Grant A,·e. 
Grant AYe. 

i\lca n ( l ) 

F n •s uo Uri ggs Ditch : 
10G ll catl 
107 ll ea d 
201 H ea d 
~(I~ Jl err d 
~01 H ea d 
10~ ll en tl 
:!05 Go ld e n Unwn 
~>(JG Go lden Dawn 

Mea n (1) 
Mean (2J 
M~nn (3) 

83.34 .2 & . 
56.04 -~ & .8 
76.28 .2 & .8 

SO 7 
9 7 
9 78 

1.742 2.4 31. 32.9 2.24 1 - .05 
1.742 1.9 30.G 32.0 2.67 7. 0 
1.7-12 2.3 31.5 32.7 2.26 14 . .J 

.0-! .090 

.02 .095 
- .05 .098 

71.89 
6.J.7 P eriod mid nig h t to 10 p.m. / 14/ 23. 

ea r t h sectio u : loam nud sand y lm:un ot dirter en t ty pes. 
:I.J.27 .1 & .s 89 78 4.351 1. 13.2 14 .3 1.54 .12 
:I.J.3-1 In t . 89 7 4.351 l. 13.2 14 .:l 1.5G .12 
3.J.17 .2 & .8 80 78 4.351 1.8 13.2 H.3 l.5(i .15 
3.J.17 I nt. 89 78 4.351 1. 13.2 H.3 1.55 .15 
:H.17 .2 & .8 80 78 l.389 1.8 12.0 13.1 1.70 .02 
:H .l7 l nL . 89 78 l.389 J. 8 12.0 13.l. 1.71 .02 
:10.15 .2 & .s 8!J 7 ' 2.062 l.!J 14 .0 15.0 1.3li .13 
W.67 I 111. 8!J 7H 2.!J62 1.9 14.0 15.0 l.35 .13 

3.J.24 
34.17 
30.41 
:1-1.2-1 l'e r io ,1 from 8 a.m. 8/ 1 / 23 lo 10 a.m . 8/ 1!)/ 2:l 

.102 

.102 

.102 

.102 

.030 

.030 

.OH 

.OH 

rrur lo<·k Jli ,i:hliue: en dh s~·tiou : loam , sand ,y loam a 11d t•ln,y lmun of di fff're 11t t ,v p e:,;. 
1:iG 201 H ea d r:n.9+ .2 & . oo 78 12.23 +.o 2-0.1 31.0 1. :l, .4 2 
1:n 208 llen tl 135.27 l11 L. 90 78 12.23 4.0 20.1 31.0 1.37 .40~ 

138 
1:in 
HO 
1.41 
14:? 
H 3 
1H 
H 5 

146 
147 
148 
].j!) 
15() 

151 
152 
153 
15{ 
155 
15G 

Men n (1. ) 

'l' urlock l A1.te rnJ No. 17- H ; 
212 H ead 
21:l Head 
21fi ll ea d 
217 H ea t! 
:?lG H ea d 
:!17 H ea d 
22 1 8ection 2:! 
:?~2 8ection 22 

Mean (1) 
Mea n (2) 
Men n (3) 

136.60 

ea.rth section ; sa nd 
17.03 .2 & .8 90 78 
17.02 l nt. 90 78 
17.20 .2&.8 90 78 
l7 . 2 I nL. 00 7 
17.20 .2 & .8 90 78 
17 .82 I n t. 90 78 
1.J. 5 .2 & .8 90 78 
15. G I n t. 90 78 

and su,ndy loa.m ol differ en t t ypes . 
4.22 1.7 12.3 13.1 .72 1.4 .05 
4 .22 1.7 12.3 Ja.1 .74 1.48 .05 
.J .22 1.7 12.3 13.l .76 .18 
4.22 1.7 12.3 13.l .78 .1 
1.10 1.a 1 l.8 12.4 1.30 .02 
1. 79 l .3 11. 12.+ 1 .3G .02 
2.43 2.l. 12.7 13. , .55 .lG 
:!.43 2.1 12.7 13. ' .57 .JG 

.059 

.05!) 

.059 

.05!) 

.02-! 

.02+ 

.035 

.035 

17.43 
17.5-! 
15.36 
17.14 P e ri od from 2 p.m. 9/ 2/ 23 lo 6 r1.1n. 9/ .J/ 23 

223 
2~(j 
227 
231 
132 

235 
236 
:?3!) 
240 
2-13 
2+! 

S utter-B utte l\.h1.i11 ; earth 
Cox ."•p illway 210.58 .2 & ., GS 62 
Co x S1Ji ll way 206.lll .2 & . GS G2 
Cox S11illway 209.39 InL. GS 62 
Cox Spi ll way 17 .48 .2 , •. 8 GS u2 
Cox. pillway 170.42 J nL. 68 62 

Mea n (l ) 

section ; loam . 
6.553 5.1 40.8 
6.553 5.2 41..0 
6.553 5.2 41.0 
6.553 2. 7 33.1 
6.553 2.7 33.1 

.J:1.6 
43. 
43. 
34.5 
34.5 

1 .1 
1.. l 
1 .1 
2.2 

27.6i>' 
24. 2G 
24.20 
10.48 
10.48 

0.71 .090 
0.89 .000 
0.80 .090 

.07:! 

208.96 
207.4 l'e ri o tl from 4 a .m . 9/21 / 23 Lo midni g h t 9/ 22/ 2:1 . 

S utter-Butte Green la t c rRI ; ear th seetio11 ; clay adobe . 
F lume . j_!J+ .2 & .8 68 G2 !l.03G U 1 IG.3 Hi.~ .:!2 .r.s .12 .017 
li, IUlll C' fi. H Int. 68 G:? 3.036 1.41 1G.3 ](). .~:L .HS .12 .017 
F lum e 5. 15 .2 &. 08 G2 3.0361..42 16.4 10.9 .27 .2!) .017 
Flume !l.77 l 11l. 68 G2 3.03G 1.42 16.4 lG.!J .2, .:m .017 
F lume 5.G3 .2 & .8 08 62 3.0361.5517.5 1 .0 .25 4'> .01 
Flume 5.7G Int. 08 62 3.036 1.55 17.5 1 .o .2G .+2 .01 

Menn (1) 5.73 

( 1) 011c small '1h·r rsion nnl lll f':ifo; tt1·r<1, 0111il It'll. 
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" .0 
6 
" " .., 
00 
CJ 

E-< 

125 
126 
] 27 

128 
129 
J.30 
131 
132 
133 
13-l 
1:m 

]36 
]'.17 

138 
139 
140 
141 
142 
14:l 
1-H 
145 

HQ 
H7 
H S 
149 mo 

15.1 
1.52 
153 
IM 
155 
]56 

TABLE 9. Cont inued-See/1ag-e M easurements ( Inflow-Outflow Method). 

Lowe r statio n Scc J) agc loss 
,n 

cS "" '" ~ " " ~ .0 " 2 ici ~ " :, " oo O 00 = .µ ~ = t" ·-'..3 Q 
~c: 0 0 ~ ~ ..... c: ,. 

~ " "" ~;;·f ~ 
. :..; 

" -5 C E 6 g~~ ·oo " :5 ~;~ "' " 00 00 ... '" ~te-.a " 0 i:i " = " " C, ~ 
...., 

~ ~;; p.. p.. p.. ~.;: ,,.. ..., 
c .f .s . c.r.s. c.f.s. c .Ls. % c u.ft. 

Fres 11 0 H o ug ht o n ; ea rth section ; sancl a nd sanel y lmun. 
186 W est L a wn A,·e. 72.07 .2 & .8 85.16 - 1.82 - 1.04 5 - 1.25 - .520 
190 ,vest Lawn A,-e. 50.22 .2 & .8 58.2:l - 2. 19 - 1.257 -2.N - .Cl-l3 
19G , v est Law n An~. (il.S~ .2 & .8 7Q.:l(j - .us - .040 - .060 - .023 

,rcnn (1) - 1.09 -.394 
P e r iod midnight Lo 10 p.m. / H / 23 . AG2 .150 

Jt'r es no Bri ggs J)itc ·h ; earth i;.ec·tion; loam a nd !oo.l,IHl ,Y loam of tlifforent types. 
ms J e n se n A vc. 28.9(1 .~ & .s 29.18 
] !)!) .J ense11 Ave. :W.fi8 l nl. 2!!.80 
203 J ensen A\'!,. :W.85 .:! & .8 :10.111 
204 J ensen AYt'. 2'.H G I nl. 2\l.71 
205 Golden Dawn :10.1 5 .:! & .8 :JO.:!O 
206 Golden Dawn :10.G7 I 111. :m.12 
203 Jense n A w .. ~!l.85 .~ & .8 :lll,():'i 
204 .Te 1H3t• 11 A n 1 • 29.4(; I 111 . :m.HH 

l'N iutl from 8 a.111. 8/ 18/ 2:l l o 10 :1. 111. S/ J!J/ ~:l 

5.09 1.170 
4.54 1.1143 
4.07 .\l35 
4.4(j 1.02/i 
3.97 2.86 
:u5 2.48 
0 .1() .(~l-1 
1.01 .a -1 1 

.\lea n (1) 
_\[ea n (2) 
Mea n (3) 

3.41 1.34 
3.0-l 1.1 !1 
2.74 1.07 
3.00 1.17 

.37 :l.57 
7.2H :l. lU 

.11:l .o:n 
1.11 .372 

3.05 l.194 
7.81 3.33 

.G17 .204 
3.07 1.19 

'J' urlock Hi g lLliue; cu,r t h sectio,11 : loa,m , ~u,11 dy lonnL aucl c·Ja,y loam of tli fl'~r ertt ty pes . 
209 Ea st Ave. Britlge 1'.10 .31 .:! & .8 130.7l 7.23 .501 ·.t_,;P .303 
210 East Av e. Brid ge 1:io .n-1 ln l. 131.04 4.23 .:H G ,,u .1.77 

Mea n (1) .343 .239 

T ul."lock Lu,tera.l ~o. 17-B ; ttnrth secti o n : :,jll,fld a nd su 11d y loant of di f f e r en t ty v e.-.i. 
2H Sect io n 17-20 7.00 .2 & .s 8.65 .38 ] .986 11.66 2.48 
215 S€ct io n 17-20 7.27 l n t. 8.Sll .76 2.076 11.78 2.59 
219 Section 17-20 8.21 .2&. .4 5 .81 2.088 12.10 2.61 
220 Section 17-20 8.21 In t. 8.4 1\ !J.37 2.220 12.-Hi 2 .77 
221 Sectio n 22 H .85 .2 & .8 H.89 ~.:n 1.3U 7.67 1.75 
222 Sect ion 22 15.8<i In t. Hi.!)(J UJ2 l.073 G.02 l.42 
~l !) Sec ti o n 17 -20 8.21 .2 & .8 8.41 Q.-H 2.05 17.8-l 3.14 
220 Sectio n 17 -20 8.21 l n t. 8.4 1 7.45 3.06 19.29 3.63 

Mea n (1) 12.00 2.61 
Mean (2) 6.83 l.58 
Mea n (3) 18.59 3.38 

P e r iod from 2 )). Ill . 9/2/23 In G :1. 111. !J/ 4/ 23 11.96 2.56 

S utter- Bu tte 1\'l a in ; 011-rt h section; loam . 
225 Pump in g Station 162.SO .2&. 191.25 19.:33 2.95 1.40 1.] 1 
229 Pumping Stati o n 100.70 .2& .8 191.iH H .97 2.28 l.lO .85 
2:10 Pumping Stat ion 108.33 lil t. 193.GO 15.79 2.41 l.1 5 .90 
234 rum ping Stntion 11\2.21 .2 & .8 162.7(; 15.72 2.40 1.:H 1.14 

J\Iea n (1) 1.22 .95 
P e ri od fro m 4 a.m. 9/ 21/ 23 lo midni g h t 9/ 2'.l/ 2:~ l.11 .86 

S u t t e r -Hut1 e G reen later a l : eart h !-iedio n : d ay rulobe. 
237 V entur i lt' Iurn e U\-l .2 & . 2.3G :1.58 l.179 l!J.8 1.15 
238 V enturi U'lume 1.51 In t. 2.3:~ :i. l 1.255 20 .-1 l .22 
241 Venturi F lum e 4.12 .2 & .8 4.4'.l 0.72 .237 4.60 .23 
:L-t~ Ve n t uri Flume 4.08 I11t. -1 .39 1.3 .455 7.89 .44 
245 Ve n t uri F lume 4.27 .2 & .s 4.71 0.92 .303 5.3 .27 
246 Ve nturi F lu m e 4.31 In t . 4 .75 1.01 .33:{ 5.78 .30 

i\Iean ( l ) 10.94 .595 

.'lote: 'l"'he negative sig 11 R in<licate gai us. 

" .s -:. .~ ~ ~ ., ·w.o 
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J<'ig;111·p :! I. A lt a '.\f :lin C:111:1 1. :-; h11wi 11 g- p<i rli on o f" SPd io 11 lP:-:leil . l)i1111li:t, ( ':1J irn rni :1. 

meter measuremcnls and fonun aLcly di vided Lh e ca nal inLo Lwo parts approxi-
mately according to so il class. Other divi sions o[ the section were made to 
determ in e th e c fCect of the vc: locity, nature of ma teri a l a nd cross-sect ion on the 
~eepage. ln a ll , 26 de terminations were mad e, d ivided in to two grou ps, the 
first in October 1922, when th e ca na l wa~ ca rrying a bout JOO cu b ic feet per 
second, a nd th e second in Jun e 1923, when it was ca rrying from 600 to 900 
cub ic feet per second. These measurements arc summarized accord ing to 
section a nd discharge in tabl e 9. Grou p I is for th e entire section and is the 
mea n o f (o ur tes ts; groups 2 an d 3 arc fo r th e upper a nd lower sections 
respectively, a nd arc each th e means of two tes ts. These tests indicate 
th at the loss was slight ly grea ter in th e sanely sect ion than in adobe section, 
bu t sin ce the loss in th e who le dista 11 ce was less than eith er, the results were 
not conclusive in thi s respect. Grou ps 4 to 8 show abou t the same losses 
with somewhat grea ter variat ion an d no indication th a t th e type of soi l had 
a ny influence. The difference in th e currcnt-mcLcr measurements due to 
the changes in ve locity and cross-sectio n and th e dil'Ciculty in de terminin g-
the area accurately al some o( the slatiom in th ese groups. on account of 
the soft mu d in th e bottom, ev identl y had '.l gTcatcr in(luence th an the type 
of soi l. Group 9 is for th e whole sect ion tes ted a nd differs [rom Group I 
011 1)1 in that th e di scharge is m uch greater. 

As should be ex pected, the loss in percem age per mile was less a nd the 
rate per unit a re:1 was greater th an for the small er di scharge. Tc,ts num bered 
32 a nd 33, wh ich might have been in cluded in this group , bo th showed a 
ga in and have bee n d iscarded beca use th ere is some doubt as to th e ;icn1racy 
of the area de termin a t ion in gaging numbers !GO and 163 , wh ich were made 
from the Dun ega ns Gap br idge d uri ng th e max imum stage of th e canal. 
Beca use of the high velocity and th e roughn ess o f the bottom a t thi s poin~, 
th e depth measuremc:nts were too gTeat. A co ntinuous record o [ th e gage 
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height o [ Lh e ca nal was Lak cn for Lhis period a nd Lh e total seepage wa5 
d eterm in ed [or th e peri od from 4: 00 p.m . .J une 17, 1923, LO 6: 00 p .m . . Jun e lS , 
1923, but on account o [ Lh c error in Lh e Lwo measurements prev iously noted, 
the resull showed a ga in. (Sec ta ble 9.) 

A lta East B ranch 

The port ion of Lh e: East llra nch Cana l LCsLed ((igurc 22) ex tends from 
Lhe headga te o f th e Orosi School H ouse ]a Leral to th e Sand Creek crossi ng. 
It was constru cted a(tcr Lh c ma in ca nal, probably a bout 1890. The bouom 
widLl1 rarr gccl from 12 LO 20 l'cct and Lh c side ,lopes were about I ½ to I. 
T he grade of th e ca nal is very fl at. Th e so il. H anford sandy loam, is uniform 
throug hout th e portion of th e ca na l tested . H ardpan occurs bUl u~uall y at 
considerab le d epth , a lLh ough a t some poi rll, Lh e cana l excava t ion is pani y in 
hardpan. Th is region was th e fl ood cha nn el of Sa nd Cree k and on account 
o f the sa nd y so il la rge losses were ass um ed to occur from this sectio n of the 
ca nal. T he tes ts, however, with one exccpL io n showed a g·a in . (See tab le 9.) 
Six tes ts were made an d in order to reduce t he chance of systemati c error in 
Lh e currc m -metcr measurements due to loca l conditi ons, Lh e locatio ns of both 
the upper and lower secLio ns were changed, as was a lso Lh e time of makin g 
th e meas urements. The resulLs, however . still showd a ga in. No waste water 
was enlering the ca nal. T he gaging sla t io ns were simil ar in cross-section 
a nd a lthough Lhe average ve lociti es were low. they were very nea rl y identi ca l. 
However . Lh e length of' the section tesLecl was very shorl, so Lh at slight errors 
in th e curren t-meter meas urements might compl e tely overshadow the seepage 
losses. T hi s is probabl y wha t occurred . 

Fi g Hl'L' :l:.!.- Eas t Bra11th .\ ll:1 ca na l showing :,;ct:t ion u11lll•r l(•st fur sec p:.t ge Jussc:. 
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In an attempt to fin d an ex planation for the apparent ga in, several 
pro fi les of th e ground surface, wa ter table, and hardpan on lines perpen-
dicul ar to th e ax is o f the ca nal were obta ined . The e profil s, shown in 
fi gures 23, 24 and 25, ind icate th at at these po in ts at least, the canal was 
losing some wa ter. T he loss was pro bably small , however, bec.:i.use even when 
1he hardpan was co n t inuous th ere were no signs o f high groun d water or 
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alka li . Measuremenl o[ Lhe Lrue loss by seepage from a pool located in the 
ca nal co uld not be auempted on account o[ the necessiLy o[ keeping the 
ca nal in use. 

GAGE CANAL 

Gage Canal, Riverside, Ca li fornia , was bui lL in Lhe period from 1885 to 
1888. The lini ng was sta rted a lm ost immediate ly therea[ter a nd complcLed in 
1890. J\ section o[ th e ca nal is shown in ligure 26. The lining cons isted of 
a ¾- in ch pl as ter coal of cemenl mortar which was appl ied to the ca nal 
section without re inforcement or ex pansion joints a nd although the lining 
was over 30 yea rs o ld at the time o[ the tests , except [or some buckling and 
m inor fai lures, it was sti ll in fair co ndition . The lining is now (1947) over 
50 years o ld and is still in serv ice. The 5ize of the canal varied according 
to the quantity o[ water to be ca rri ed. ':itarting with a bottorn width o[ 10 
feet at th e head it decreased to a wiclLl1 o[ 5 feet at th e lower end . The side 
slope,¾ to 1, was consta nt and the grade was a bout 2½ feet per mile. 

The portion of the ca nal te,tccl. extending from the portal of the first 
tu nn el to the second check below the lower we ir, passes through a variety of 
;o i Is distributed as follows: 

1 ¾ mi les Hanford san el y loam; I¾ miles Sierra loam ; 5 mil es Pl ace nti a 
loa m; ½ mil e Madera sa nely loam; 2½ mil es Ramo na loam ; and ¼ mile rock. 
H a rdpa n occurs o nl y in the i\ facle ra s.-1 nd y loam , but the vari ous types o[ 
loams are a ll underl a in by heavier soil s a nd in the case of the Sierra loam, 
bedrock occurs close to the surface. 

After leaving th e valley o[ the Santa Ana River, from wh ich it draws its 
wa ter, th e cana l e lllers a series of tunn els beg inn ing at the upper end of the 
portion of the ca nal un der tes t and continues un t il it reaches the mesa above 

Fi gt1 r f' :!H.-Co 11 erdl' lining of G:q.!'l' (';111:11 at. Rh·e r~idt·. C;1Jifuru ia . 
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Rivers ide. T hese tunnels, totalling ove r a mi le in length, which are lined 
with 6 in ches of co ncre te in stead of ¾-inch as elsewhere, were included in 
makin g the seepage determin ation . The ca nal crosses several deep arroyos 
by m ean s of wood en I lu mcs. T hey were excluded from the seepage deter-
min atio ns. 

Jn making the seepage measurements, th e origin a l plan was to use th e 
we irs located a t each end of the sect io n tes ted, but a careful inspection 
showed that th e bulkh ead o f th e lower we ir was lea king considerabl y, so this 
plan was abandoned. Since g-;1ge-he ight record ing in stru men ts were loca ted 
at these points and sin ce th e weirs would furnish idea l contro ls for d etermin -
ing th e gage heights, the gage records were kept at th ese po ints whil e the 
discharge measurements were mad e a t points more favorably loca ted for 
current-meter work. The length o f th e secti on was measured between the 
po ints a t which th e curren t-meter measurements were made. Many diversions 
occurred in th is port io n o [ th e c;rna l, bu t for tunate ly at the t ime the tests 
were bein g mad e (December 19, 1922 to December 29, 1922), n o wa ter was 
being used for irriga tion a nd th e on ly wa ter ta ken out was for domesti c use. 
T hi s use was assum ed to be constant a nd when m easured , was found to 
amount LO 0.190 cubic foot per second . 

Since a continuous record o f th e gage height was ava il a le, both th e 
total seepage and th e seepage d uring th e separate tes ts were de term ined . 
The resul ts ' are set out in ta bl e 9. Although the results o f the ind ividual 
tes ts showed some var iat ion . the mea ns agreed reasonab ly we ll " ·ith the 
results o bta ined from th e conti nuous record and bo th indica ted a very 
~mall loss. 

l.\ l P ER IAL lRRIGATIO.' DISTR ICT 

!Vest Side Main 

W est Side Iain o r th e Im peria l lrrigation Distri ct, Imperi al, California, 
was bui lt be tween 1900 and 1905. It is the highlin e cana l on the west side 
o f t he va ll ey. The portio n of the ca na l tes ted extends from t c , 1Vtst Side 
drain to th e District's gaging sta tio n at Thompson 's Crossin g, a distance of 
l 4.69 mil es. The orig in al section of th e r.a nal has been completely cha nged 
by th e d eposition o f sil t a nd the cl eanin g by draglin e a nd o ther equipment. 
This work we nt o n almost continuously. Figure 27 shows a section of th'.'! 
cana l just afte r one side had been clean ed. 

T he ca nal passes thro ugh a va ri e ty o r soil types di vided ap proxima tely 
as follows: 

¾ mil e R ositas very fi ne sa nd: 4 ½ mil es R ositas sa nd : ¼ mi k Carr izo 
sa nd ; 1/2 mil e Superstition fine sa nd ; I mil e i\ Ie loland fin e sa nd ; 3 m iles 
Holtvi ll e silty cl ay ; I ½ mil es Hol tvi ll e clay; a nd 3 miles I mperial clay. 
T hese arc all a llu vial and lacustrin e so il s and a re usua ll y found in horizontal 
layers except a t T hompso n's Cross inl-\" where th e o lder layers have been 
sJ, a1p1y u,.ed a nd then covered wi th hori zon ta l d eposits. The sa nely o ils 
a re underl ain with layers o f sa nd except th e Melo la nd fin e sa cl which has 
a subsoil o f si lty clay loam, silty clay and cl ay. The SL1bso il o E the H oltville 
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Fi g- 11 rf' 27.- Parl i:111.v (· lf"fl llf'll s0rt inn \\,..fl~t f.;illf' ~fai 11. Trnp('r i:1 I I rri g:il ion l )i RI ri r·t 1 

I mpPri:11 1 f':ilirorni:1. 

rlay ;ill([ TTo ilvill e si lty rby is o f lighter tex tme, hut th e Imperi a l r l:i y is :1 

uniforml y hard so il , heav il y in1 pregnatcd with a lk;ll i and im p erv ious to 
wa ter. T hese so ils represent th e mate ri a l in which th e ca na l was excava ted . 
bu t at th e Lime of th e tests th e be<l o [ th e ra na l wa s probabl y mad e u p alm ost 
entire ly o f diffe ren t m;1terials , prinrip:i ll y si lt d eposited from the wa ter 
in th e c;i na l. 

There was little surface indiration of see page from th e c:1nal even where 
the gorge o r th e New Ri ver cut close t.o th e 0 111 ,il d ur in g th e J'Joocl from th e 
Co lorado Ri ver in l 90fi. T he profi le n r th e groun d water (ri gure 28), made 
near T hompson's Cross in g wher<c: th e ri\'er is within 200 ree t or th e ca na l, 
shows how th e g roun d water slopes under the,e co nditi ons. N o water ap-
pe;i re<l o n th e surf;ice of th e cliff ;i t this po int. 
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In making the seepage determin ations, six tes ts were comp le ted and 
one abandoned on account of trouble with sa nd in the bea rin gs o f th e 
meter. The resu lts of th ese tes ts va ri ed considera bl y, but sin ce the loss was 
small even in the long section of the canal under tes t, thi s was to be expected 
because o f th e possib ili ty o[ error in the current-meter measurements. The 
rew!Ls arc shown in tabl e 9, numucrs 55-GI. 

During th e seepage measurements, a cominuous record of th e gage height 
a t each end o f the section was obtained. This record, with th e discharge 
da ta o( the se para te tests, made poss ib le th e d etermin a tion of th e Lota! see page 
loss (or any per iod covered by the tes ts. The results for th e 4-da y period 
from J anu ary 22 to .J anuary 25, 1923, arc g iven in ta ble 9. These values 
are nearly twice as great as the mean val ues [or the separate tests, but being 
based on the continuous record, should be gi,·en greater weight. 

Fillaree L at eral 

Fill a ree Latera l diverts water [rom th e West Side i\ fain and was buil t 
during th e cotton boom o ( '"' or iel W ar I. J t heads at the Fern check and 
irriga tes land a bove the vVcst Side Ma in. The bottom o[ th e latera l was from 
2 to 4 feet wide. T he portion o( the latera l under tes t ex tends from the Fern 
check to th e bridge 3. 17 mil es below th e head . Ano th er bridge 1.37 mil es 
below the hcadga te furnished a n intermediate gagin g station for d eterminin g-
the losses in a shorter section of th e la te ral. The so ils cut by th e lateral a rc 
similar to those on the ma in cana l, viz., Holtville silty cla y and R os itas, Melo-
la nd a nd Superstition lin e sand. Sand and clay so ils a re abo u t equall y 
d ivid ed . The lateral was cleaned with a Ruth dredge in 1922, but wa, 
comp lete ly lin ed with silt at th e time th e seepage tes ts were made. 

Alth ough th e soils are simil ar to th ose in the m a in canal, the losses were 
greater in th e lateral. The resul ts of th e seve n seepage determ ina tions, 
divided im o three gro ups. arc show n in tabl e 9, n u mbers 62-68 . Group I , th e 
mea n o[ three tes ts, shows th e loss in the entire section , and gro ups 2 and 11, 
each th e mea n o f two tests, show th e loss in th e upper and lower part o[ th e 
~ection respectivel y. The results indi ca te tha t th e upper section , which is 
la rgely in sa nd , lost more th an the lower section , wh ich is la rge ly in clay a nd 
apparentl y ga ined water. As thi s is the hi g-hlin c ca na l th ere was no possibil-
ity of a ga in . Since th e a mount was small it was probabl y du e to th e in-
a,cura cies in the cu1Tcnt-mcter measurements. 

MERCED IRRIGATION DISTRICT 

Yosemile-L eGrancl Canal 

Yosem ite-L eGrand Canal , Merced, Califo rnia, ex tending from Lake Yo-
5Cmite to LeGrand, was compl eted in 1923. T he cana l had a bottom width of 
16 feet, side slopes 1 ½ to I, and grad e o[ 0.000 15. At a depth o[ 5.8 fee t on 
the assum ption that n = .030, the capacity was 200 cubi c fee t per seco nd. 
The portion o ( th e ca na l tes ted is in the sec tion be tween Lake Yosemi te and 
th e Bea r Creek Cross in g, but on acrnum o[ the cha ng in g co nditions seve ra l 
changes were made in the actua l po ints at wh ich th e measurements were 
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mad e. Most o( th e meas urements at th e upper end of th e ca nal were made 
a t th e lowe r end o( Flume No . I, but beca use o( the higher velocity in th e 
nume with in creasin g d ischarge, a nd the a ttempt durin g th e last four 
tes ts, to find loca ti ons whi ch woul d make the upper a nd lower stations 
more near ly a lik e, th e upp er station was moved to the highwa y br idge' above 
the flum e. At first t he lo wer sta t io n was loca ted at th e wastcway at the Bear 
Creek Crossing, but it was fo und di([i cult to measure th r flow at that po in t 
owi11 g to th e very high ve loc ity a nd the fac t that th e water was not always 
di scharged th ere. For this reason th e station was moved to th e mouth of 
the tunn el above the wastcway. Flume No. 2, at a dista nce o( 6.801 miles 
be low Flume No. I, was used a, a11 interm edi a te gag in g stat io11. 

The ca na l run s through a great vari e ty of soi ls. a ll o f which are quite 
heav y. From the high way bridge to Flume No. 2 it run s thro ugh ½ mil e o f 
A lamo clay adobe, 2½ mil es o f San J oaq uin loam a nd 3 m il es of R eddi ng 
gravell y loa m. From Flume No. 2 to Bear Creek it run s through 1 ¼ m iles 
o f R.cddin g gravell y loam. ½ mil e of Ala mo clay adobe , and ½ mil e nf 
Altamont loa ms and clay loa ms. Th e Ala mo clay adobe is a heavy soi l 
fro m 2 to 4 (ee t d ee p resting on a ferrug inous hardpan. T he San J oaquin 
loam has a similar substra tum a nd is at a bout t he sa me d epth . R eddin g 
gnvc ll y loam is a shal lower so il with a hea vy clay su bsoil whi ch overli es a 
dense iron-clay hard pan. The A ltamont loams a nd clay loa ms are shallow 
so il s resting directl y on the parent rocks. Coarse grave l was freq uently en-
countered in th e canal excava tions a nd at some points ~ma ll bo ulder bed~ 
occurred . Through these porous areas considerable seepage might be ex-
pected, but th e tests did not bea r this o ut, even th ough th e ca nal was being 
used for the first tim e when th ese tests were being mad e. 

The tc ts on th e ca na l were m ad e a t two di(ferent periods, t he first from 
April 25 to May I , 1923 , a nd th e second from June 8 to 11 , 1923. Twenty-
e ight tests in a ll were a ttempted , but o( the-;e on ly 26 were rnmpl ctcd and [our 
o f th e,e have been disregard ed beca use th e measurements in th e Bear Creek 
wasteway arc believed to be in error. (Sec tab le 9. numbers 69-9/l.) Th ese 
tes ts were d i,·ided into fiv e groups dependin g on the discharge and the 
portio n o [ th e ca nal invo lved . T he mca11 . ccpagc valu es for the cli flere n t 
groups arc set out in table 9. Groups I and 3 were for th e sa me secti on of 
the cana l. but the discharge was about twice as great in group 3. The results 
, how that th e loss was grc;i tcr for th e sm;i ll cr discharge both in percentage 
per mil e a nd cubi c feet per unit area in 24 hours. This was probably clue 
to th e fact that the tes ts o r group I were made ve ry soo n a fter the water 
was turn ed into th e canal. Groups 2 a nd 'i were a lso for similar sections and 
va riabl e qu antities , but th e grea ter qu a ntit y showed a l;i rgcr loss both in 
percentage per mile and cubic feet per u11it a rea in 24 hours. T he percentage 
per mil e was o nl y very slightl y grea ter, as should be expected . Group 4, 
which was for th e section from Flu me :'lo. 2 to the lowe r portal o[ th e 
tun nel, showed a slight ga in probabl y ca used by errors in th e current-meter 
measurements du e to dissimilarity of section a nd dif(eren ce in velocity. 

During th e tes ts of the second period , or G roup 5, a continuous record 
o[ th e gage heights was ob ta in ed from recqrding instrum c11ts in sta lled a t th e 
upper and lower station s. The seepage Joss computed from this record and 
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the discharge measurements agree reasonably well with the mean of th e 
results of the indi vidual tests of group 5. 

The surfa ce indi cat io ns o[ seepage from the ca nal were few, although 
there had bee n no chance to build 11 p a silt lining . A few leaks occurred at 
t he bottom o ( fills a nd durin g the f irst-period tests some water also leaked 
in through the upper banks. Th is, however, d isappeared before the second 
period . 

Burchell Lateral 
Burchell latera l, built in 1923, is the highlin e canal carryin g water to 

the booster sta t ion north or L eGrand. The portion tested ex tends from 
station 297 + 50 to sta ti on 393+ 69. The bottom width was 5 feet, the side 
slopes were I ½ to 1, and the gr;ide w;is 0.0002. At a depth of 3.8 feet with a 
va lue of n = 0.030, the ca p;icity was 45 cubic feet per second. The lateral 
was excavated in i\Iadera loam and Mo ntewma cla y adobe in appro:--imately 
equal amounts. T he i\fadcra loam has a hardpan substratum whereas the 
i\fontezum a clay adobe, a mu ch heavier so il , has a cemented ca lca reous sub-
so il. A sin gle test was made; bdore others could be attemp ted , conditions 
had so cha nged that comparable results cou ld not be obtained. The result 
of this one tes t (No. 97), indica ted a small loss, but it could not be g iven 
much weight without support in g tests. A sinkage measurement. made on a 
pool in a small la teral east of Planada 111 fontezuma clay adobe, indicated 
a loss in cubic feet per square foot per 24 hours, nearly twice as gn:at as 
that from the Burchell lateral. Jn either case th e loss was no more than 
should be expec ted from an average concrete lining and conseq uentl y it is 
hardl y to be expected that the exact amount of th e loss co uld be detected 
by cu1-ren t-meter measurements. 

ANDERSON-COTrONWOOD I RRIGAT ION DISTR ICT 

Nl ain Canal 

The main ca na l of the Ande rson-Cottonwood Irrigat ion Distri ct. R ed -
ding. California , was buil t about 19 15. It is 30 m il es long a nd ex tends from 
R edding to the south side of Cotton wood Creek. The bottom width of thP. 
canal depends on the capacity req uired , and in th e sections under test, the 
range was from 12 to 26 feet. T he side slopes were 1 ½ to I and the grade 
was 0.00014 5. At the upper encl it was designed for a water depth of 6 
feet , a freeboa rd o( I ½ feet an d a ca pacity of 365 cubic fee t per second. 
The waler carried was usual ly quite clear an d no appreciab le si lti ng had 
occurred. 

Two portions of the main can al were chosen for testing: the first , 
betwee n Clea r Creek and Spring G ulch. ex tends from stat ion 52 1 lo station 
623 and the second, betwee n Anderson and Cottonwood, which includ es Pan-
orama Point, exte nds from statio n 872+ 27 to station 113 1 + 73. These sec-
tions were both chose n because the seepage loss was reported to be heavy 
although the soil in each case was rather dense. The upper section is cut 
largely through Anderson gravell y lo;im, but some R edding gravell y loam was 
also encountered . The second .5ection is mostly in R edd ing loam and 
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Fi g11rt• :!!l.- .-\11dl' r S0 11 -Cotl(l 11wood c:1 11al. Ht·tldi11g-, Ca lifornia , sh nwin g cann l seclio11 
and type, of' soil. 

gravell y loam , with only a small amount qf Anderson grave ll y loam. The 
R eddin g loam a nd gra,·cl ly loam arc red loam so ils with a heavy subso ii 
res ting on a dense hardpan a t va riabl e depths. The Anderson gravelly loam 
is a sha llow so il res tin g direct ly on a hardpan substratum. T hese so ils contain 
co nsid era ble gravel a nd a t some po in ts fa ir-s ized bould ers were encountered. 
Figure 29 shows a section of th e ca na l and the type of so il in which it was 
excavated. 

The seepage tests on the J\fa in Canal were made in May 1923 . On the 
up per section , between C lea r Creek and Sp rin g Gulch , ~tations I and 2, 
five tests were mad e as shown by test numbers 98 to 102 in tabl e 9. The 
res ul ts arc quite consistent and th e m ean va lue, although ind icat ing consid-
era ble seepage, is not as large as mig ht be expected from the waterlogged 
co ndi tion of th e la nd in thi s reg ion . Figure SO shows a profi le of th e gro un d 
water here. On the lower ,ection , between Anderson and Cottonwood 
(s ta tion s 3 and 4) , six tests were mad e as shown by numbers I 03 to I 08 in 
ta ble 9. T he resu lts \'.tr ied cons idera bl y. but this was pa rt ly du e to the 
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fact th a t one of the meters used was o u t of adjustment a nd after its use was 
diswntinued more co nsistent results were ob ta in ed. Some var ia ti on is prob-
a bly du e also to the la rge d iversions whi ch occurred in th is sect ion. The 
mean of all th e tes ts indica ted a much small er seepage loss than occurred in 
the upper section and as far as the surface ind ications were concerned, this 
was to be ex pected. The o nl y waterl oggin g th a t was observed occurred in 
the area adj ace nt to Panorama Point where th e sidehill constru ct ion of the 
ca nal had materiall y weaken ed the lower bank. 

!,a/era[ No. 9 
Latera l No. 9 o f th e /\ 11d crson-Cotto 11 wood l rrigati o 11 Dis tri ct d iverts 

water from th e Main ca na l a short di sta nce below Wood Gul ch a nd irrigates 
the la nd betwee n the can al a nd th e Sacramento River. The la teral is irregul ar 
in section , rangin g in bottom width from 2 LO 7 feet. T he portion tested 
for seepage losses ex tends from G ree n's house to th e point where th e la teral 
crosses Wheeler 's road . This section o f the lateral was excavated entirely in 
Anderson gravell y loam. There were surface indi ca tions o [ seepage from 

100 ~-----~------~------~------~---

85 
0
L-------,

0
.L

0
-------20!....o--------:3~0..,.0 ______ 4=-"o:-:o:--------:5:-:'.oo 

DISTANCE (FEET • 

Figure 31.-Gro und -wa tcr profil e perpen di cular to .\ ml crso n-C'<>i to n wootl )fain 
Cana l at Grccn·s pla ce. 

th e lateral, but as it para ll e ls th e J\,[ai n ca nal, both were probab ly co11tri b-
utin g ca uses. The profil e show n in fi gure 31, whi ch is across a dry portion 
o( la teral 9 in this r egion , sho ws that the i\ fa in ca nal wa lea kin g. but th e 
results o f th e seepage tests 011 the lateral (numbers 109-110 in table 9) , show 
that a large loss was occurri ng here a lso. Only two tes ts were made, but a 
different gagin g stat ion was used in each case. For the first tes t h igh-velocity 
gag ing station, were used and fo r second . low-velocity sta tion s. .'-\ ; shown 
111 the tabl e t he results were very consistent. 

ORLA ND PROJECT 

J-Jighline Canal 

Construction o[ the Highlin e Canal was sta rted in 1908 a fter the Orland 
project had been taken over by the United States Burea u o[ R ecl amati on . A 
small amount o[ d evelopment had occurred prev ious to that time. but most 
of the ca nals were built or enl arged by the Bureau of R eclamation . The 
Highline Canal was built to rep lace the o ld ma in canal. It ex tends from 



TECH N ICAL B U LLET I N 38 

J1'i:.:-u1·t• :~:.!.-('0 1H·rt·IP 1i11t•tl l l ig-ll li11 t· ( ';111al. Orl :11HI l'rojt><·I. Orland , ( 'alifo 1·11i:1. 

., 
I 

Sl<J11 )' Creek lo t.h e I l;m1brigln , ipho n wh ere il rq oin , the o ld ca nal. The 
portion under Lesl exte nds from approximately th e beginning o[ th e co ncrete-
lin ed section below H a ll 's check LO th e ch u te at H ambrigh t Creek. The 
bouo111 width or the rn na l ra nged from 14 to 20 fee l, the side slopes from 
I ½ to I lo 2 to I , and th e grade from 0.00035 to 0.0006. This portion o [ 
th e ca na l is outs ide th e area co vered by the so il map of thi s r egion and 
a lthough definite informa t ion was no t ava il able, the so il is beli eved to be 
Sa n .J oaqu in loa m. 1 his is reddish loam with a heavier substra tum whici1 
rests a t various d epths on a nearl y imperv io us red gravelly hardpan. The 
l ining o[ thi s sect ion , which is mos tl y 2 inches thi ck, was appli ed a t di[[erent 
t imes, and was a ll apparent ly in good condi tion . (See figure 32.) Some 
see page was visible o n the lower side o[ the canal , a nd although b u t one 
Lest was mad e o n acco unt o[ the li m ited t im e ava il a bl e, the resu lts (ta ble 9, 
te,t number 124) . . howed a rather high rate of seepage from th is type o[ lining, 
but 5t ill sma ll in compar ison with th e seepage [rom unlin ed cana ls o n the 
project. 

f_a/na/ No . 8 

The ponio n of La teral und er test was unlin ed. It extended from 
th e lower end o[ th e lined sect ion to the bridge, 0.696 m iles below this 
po int. T he bottom width was 5 feet a nd the side slopes I y2 to 1. The 
la tera l was excava ted in Sacramento gTavell y sa ndy loa m, an open so il of 
considera ble dep th in which larg-e ,eepagc los;es occurred. Two ;ecpage 
tc, Ls we re 11 1ad e, a. ,ct oul i11 tabl e 9 (tes t numbers 111 a nd 11 2). They IJOth 
sho wed very la rge los,e, and as wa s to be ex pected , checked very closely. 
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f .al era l No. IOI 

La tera l JOI is on th e north sid C' of Ston y Creek and heads a bo ut ½ mile 
below :1\orth Di versi o n. The bottom width was 3 feet a nd the side slopes 
I½ to I. A II o f th e lateral was I in ed except the portion under test, which 
was loca ted be tween two lin ed sectio ns. The so il in thi s area is Sacramento 
grave ll y sa ndy loa m, th e sam e as fo und at Latera l 8, a nd th e seepag·e losses 
were a lmost as high. (S'ee tes t numbers I I?, a nd 11 4, tabl e 9.) The results 
checked very closely. l\l[easuremenls made by representa tives o f th e Bureau oE 
R eclama ti on o n a longer portion of this can al and wi th a greater discharge, 
5howed a Joss a bo ut 30 percent small er which, considering the difference o f 
conditio ns, was entirely poss ibl e. Borin3, made here disclosed :t I.Jed o f 
coa rse gravel a nd bould ers from 5 Lo 6 fee t benea th th e surface which prob-
a bl y prov ided the dra inage chann el for the large losses from the la teral. 

J~atera l No. 211 

La teral 21 l runs p ara llel in a ge nera l way to South Canal a nd the 
sectio n under Lest was quite close to th e large ca nal. The so il i5 Sacramem o 
grave ll y sa ndy loam a nd on acco unt of th e heavy seepage from th is type o f 
so il , the la teral was lin ed throughout with a I ½-inch layer o f concrete. The 
lining was in good co nditi on . Cipoll e tti we irs were provided for measuring 
th e fl ow and were so located as Lo di vide th e section under tes t into two parts. 
T he results of th e tes ts arc reported in ta ble 9. tes t numbers 11 5 LO 123. They 
show some var ia ti on , but th e mea n va lues for the different groups check fairl y 
we ll and indica te th at the losses were a bo u t the sa me throughout the section. 
Compared with th e results o f th e seepage tes ts on the unlined canals, they 
indicate th at th e I ½- inch lining red uced th e seep age loss 98 perce n t. T es ts 
made by representa tives o f the Burea u o f R eclamatio n o n a shorter section 
o [ th e latera l, but with a d ischarge 10 t im es as great, showed about a 50 
percent hig her seepage. 

FR ESNO l RR IGA T IO N DISTRI CT 

f-f oughlo11 Canal 

H o ughton Ca nal, show n in fi gure 14, is o ne of the large laterals of the 
Fresno Irriga tion Distr ict, Fresno, Ca li forni a. It was built in th e e:uly days 
a nd has lost its orig ina l shape. T he sectio n under tes t, whi ch li es IJC Lween 
Grant Avenue a nd , ,Vestl awn Ave nu e, was from 14 to 22 feet in bottom 
wid th a nd had side slopes approxi mating natural chann el . The soil is 
Fres no sa nd a nd Fresno sa ndy loa m, distributed in a bout equ a l proportions 
alo ng th e sectio n. Fres no sa nd is a deep so il , free of hardp an. Fresno sa nely 
loa m is und erl a in with a silty clay loam which rests on a layer of hardpan 
throug h whi ch th e ca na l was excavated a l some po ints. Alkal i a nd hig h 
ground wa ter were serio us p roblems in the region, but the seepage tes ts on 
th e ca nal g iven in ta ble 9, numbers 125- 127, showed a ga in ra ther tha n a loss, 
whi ch indi ca ted th at th e tro ubl e was du e Lo other ca uses. r\ continuo us gage-
he ight record wa; kept during th <' tes ts a nd th e scepag<" computed on th e 
bas is of to tal inflow a nd outfl ow ind ica ted a small loss as se t out in table 9. 
The di sagreement was p roba bly du e Lo flu ctua tion s in th e ca nal whi ch were 



TECH N ICAL B UL L ET I N 38 89 

ioo...---------.-------.---------.---------, 

50 100 
DISTANCE (FEET) 

150 200 

·11'i 1,!ure ~:t - <:1·n1111t] · w !llf' r profile p~q w 11<li c 11J a r to l"!Jn1g htn 11 (':,nn l nf Jl ig- 11 
l)jt('}1 (' J1 P('k. 

100 ,--------~------------------------

8 B .. -.. . •. ,· ..... · -~- . 

400 

l?i g- 11r<• :H.- · f: r <H 1nil - w :1IC"l' p ro f il P JW l'pf'n tli ,·11l:1r I n 1T n11g-hl <1n f':1 n:1 l nt ,vPs t1 :iwn 
A venue. 

taken into account o nl y by th e latter meth od . To in ves tiga te how the seepage 
was taking pl ace, two profil es of th e ground surface, groun d water and 
hardpa n as shown in fi gures 33 and 34 were mad e a t right angles to th e 
ca nal. The profi le near Gra nt Avenue, figure 33, where the ca nal was 
pa rtl y exca vated in hardpan , shows th a t liu lc or no loss occurred liere bu t 
the pro fil e near "\,Vestlawn Avenu e, f igure 34, shows that seepage was occur-
ring in apprec iable qu antiti es. Measurements of sinkage mad e in the can al 
from a pool ex tending from below High Check to th e check a t vVestl awn 
Avenu e showed resu lts o nl y slightl y higher th an those from the co11 t inuou~ 
record . (Sec table 8.) 

Bri:ggs Ditch 

Briggs Ditch was built in 1886 by the farm ers as a cooperative enterprise. 
I t di verts water from Fa ncher Creek, whi ch serves as a la tera l a t this p oint 
a nd irri ga tes land to the w uth in the clirccti o11 o f Fowl er. The port ion o [ th e 
ca nal und er tes t extend ed from the head to th e J ense n Al'cnuc cross ing. The 
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cross-section of the can al was irregul ar. The bottom was from 6 to 8 fee t 
wide, wh il e the d epth rema ined co nstant a t about 2 fee t. The ca na l wa, 
excava ted in light sa nd y o il of the foll owing types: M adera fine sandy 
loa m, Mad era sa nd, Mad era sa ndy loam a nd San Joaquin sandy loam, of 
whi ch a ll types a re about equ a lly represented. Eight seepage tests were 
mad e, as set o ut in ta ble 9, numbers 128- 135 . To determin e, if possible, th e 
di str ibution o f th e see page losses, the ca nal was divid ed into two secii ons by 
a n interm edi a te gaging sta tio n whi ch separa ted the tes ts into three groups. 
G roup I wa fo r the entire secti o n und er test. a nd as shown in th e table, 
the results o f th e individua l tes ts were co nsistent. Groups 2 a nd 3 were for 
th e upper and lower sectio ns a nd although not so consistent, indica ted tha t 
most o f the lo,s occurred in th e upper section of the ca na l wh cre it run ~ 
close to Fa ncher Creek. T hese results shoul d not be g iven too much weight , 
however, beca use an apprecia ble change o f stage occurred while these latter 
tes ts were being mad e; but pro fil es of th e gro und water in th e two sections, 
as sho wn in figures :15 a nd 36, indi ca te that th e loss was grea ter in the upper 
section (figure 36). 
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T U RLOC K lRRJGAT!ON DISTR I CT 

l--Jighline Canal 

9 1 

The Hig hline Canal of th e Turl 0ck Trriga tion Di stri ct, Turlock, Cali-
forni a, was built abou t 10 yea rs after th e ma in ca nal , which was completed in 
1901 . It irriga tes th e high ground on the eas t sid e of the cl1strict and ex te nds 
from the ma in ca nal 3 n1il es cas t of Hi ck man to the l\ l erc~ <l River. The 
portion und er Lest ex te nd s from th e mai n ca nal Lo the hig hway cross in ~ 
about ½ mile be low the hea clga te of C:ross Ditch No. I. The bottom of th e 
caJJ a l was from 14 lo 22 feel wide and the water wa5 from 2 Lo 5 feet deep. 
The ca nal traverses a variety of ,nib. For th e lirsl 5 miles, the ,oil, ar': 
equ a ll y divid ed be twee n Mad e ra loa ms. r\ lta monl loams a nd cla y loa ms. For 
the next 7 miles, approximate ly ½ of the di stan ce is thro ug h l\f adera a nd 
Sa n .Joaquin sa nd y loa ms undiffe re nt iated. a nd y;1 through San J oaqui n 
sa nd y loam. The Altamont loa m, and clay loams are usual ly 6 feel 
o r more in d epth , but g row he;1vi cr in tex ture :ind li ghte r in co lo r as the 
d epth in creases. l aclera loams a re unde rl a in with hardpa n a l a d epth nf 
6 feet or less as a re also the San Joaquin sa ndy loa ms undifferentia ted . Mad-
era and Sa n Joaquin sa nd y loa ms arc , ha ll o w soi ls with ha rdpa n from 12 to 
24 in ches below th e surla ce. 'v\lith hard pan so close Lo t he su rface, it wa., 
on ly natural th a t son1 e o f it should be e ncou n tered in excavating the ca nal. 
The on ly indi ca tion s of seepage from th e tanal were al th e bouon , of lilt s 
;icross sn1al l draina ge chann e ls. 8orings mad e nea r the ca nal indi ca ted that 
th e seepage loss was sma ll. The re, ults of the see page te, Ls ( tab le !:J , 11tnnbe rs 
136 a nd I 37), showed that the loss was on ly abo ut twice as great as from 
a good to ncrctc- lin cd ca na l. Onl y two tes ts were made 0 11 account o l tli r 
imerferc ncc with irri ga tion necessary durin g the tests, but 110 change occurred 
in th e stage or the ca na l so th e results are pn,babl y quite close to the truth . 

f .al ernl 17- /3 

L ate ra l 17-H is a pan or th e o rig in a l irriga ti on system completed in 1901. 
ll divens water from Up per o. 2 canal whe re the highway between Keyes 
a nd Ceres crosses the ca na l, a 11d ex te nd s a lJo ut 3 mil es west Lo wh ere it join5 
Lower 1o. 2 ca nal. It is a private ditch and has been indiffere ntl y main-
tain ed . The bottom w idth was about 6 feet and th e d e pth var ied from 
J ½ to 2½ feet. The so il s through which th e ca na l passes a re as follows: 
2¾ mil es Oakley and Fresno sands undiffere nti ated and I ½ miles Fresno 
sandy loam (bo th phases). O a kl ey a nd Fresno sa nds a re lig ht sa ndy so ils 0[ 
conside ra bl e d epth, uw a ll y u nd e rlain wi th a n i111pcr\'ious hardpan of vatiab lc 
thickn c,,. The Fres no ;andy !o:ims ;ire of th e white ash and brown phases. They 
ha ve a substra tum of ca lc.-1 rco us ceme nted sil t :H depths ranging from 2 to f; 
feel whi ch is somet im es kn ow n as hardpan. 

The results of th e seepage tests 011 th e la tera l (ta bl e 9, numbe r5 i 38-145) , 
showed th at hea vy losses occurred . In an a llcmpt Lo iso l.-tte th e a rea o f 
maximum seepage th e latcr;i l was divided into two sections. The results of 
these tes ts indi ca ted that the max imum loss occurred in the lower portion . 
Too much weig h t could not IJe ;1llached. however, Lo th ese tes ts beca use th e 
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measuremen ts at the intermedi a te gagin g stations showed considerable vari-
a tion. Profil es o f th e gro und wa ter mad e in the two sections indi ca ted tha t 
mos t of th e wa ter was lost in th e lower pori ion. Figure 37 shows th e profi le 
o f the gro und water in th e lower section. o ground wa ter was fo und in 
th e upper sect io n . 

S uTTER-B u ·,·n -: CA NA L Co\lPAN Y 

S111/er-B11l/ e /\fain 

The o rigin al Sutte r-Butte ca na l system, Gridley, California , was built in 
1904 a nd 1905, but sin ce that time exten,i,c improvements a nd ex 1ensions 
have been completed. The ponion of th e ca na l under test, which extends 
from Cox sp illwa y to th e hig hway below th e p umpi ng sta tio n is, except for 
th e porti on below th e pumping stat ion , a ll in th e or igin al ca nal sys tem, but 
has bee n cons iderably im proved in recent years. A section of the m a in cana l 
is shown in fig ure 38. The bottom width varied from 14 to 38 feet and the 

1,~ i~ 111· .. :18.- Por tiun ol' 811ttflr -B11tl C' C':1nnl , Gric11<1y, Ca l ifornia. 
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side slopes of l ½ to I were consta nt. The depth depended on the checks 
in th e canal, which were o nl y a short distance apart. T he portion of the 
ca na l upon whi ch th e seepage measuremen ts were made runs a long the high 
ground nea r the Feather Ri ver through Madera and Grid ley loa m, undi f-
ferentiated. These arc light-tex tured so il s with a di scontinuous hardpan 
substratum a nd in some sections a heavy clay subso il. The seepage tests 
were di vided into two groups ; o ne with the ca na l checked up to th e norm al 
depth o[ operat ion a nd o ne with a ll th e checks out. The results g iven in table 
9, num bers 146 to 150, sho w very littl e effect from th e change o[ depth, but thi s 
ma y have been due in part to th e change o[ stage which occurred d11 1 in g gag-
in g number 234 a nd mad e it im poss ibl e to complete test number 150. Profil es 

100 200 300 400 · 500 
DISTANCE (FEET) 

]1' i g'lll't· :{!l- Orn 111ul - wntf'J' profil C" pcr pcntliC'11l:1r to S11ttC'l'-Rtttf"e Canal nt TTopkins 
Hn n <' h . 

of th e gTound water made nea r Hopkins Bridge, figure 39, at th e upper encl 
o f the section , a nd nea r the Boynton check at th e central portion of the 
secti on show that some seepage occurred at th e upper stat io n while 
ve ry littl e occurred in th e central porti on . Computation of seepage based 
o n th e cominuous record of the gage height, and the discharge measurements 
of group I checks th e res ults o f th e indi vidua l de termin at io ns quite clo;e ly. 

Green Latera l 

This lateral is a part o f th e original Sutter-Butte system and extends from 
th e end of th e Belding Latera l to th e highway running west from Gridley. 
T he port ion und er test li es betwee n sta ti o n 21 + O I and station 181 +33. The 
bottom of th e late ral was from 5 to IO [ce t wide a nd th e water was between 
l a nd 2 feet deep . Jt is in Stockton cla y adobe throughout its entire length . 
This is an imperv ious clay soil with a calca reo us hardpa n substratum . The 
resul ts of th e seepage measurements g iven in tab le 9, numbers 15 1-l !'io, were 
consi stent ly small except for th e first two tests which showed a mu ch higher 
seepage loss than should be ex pected in thi~ type of so il. Th is was clue, in 
part, to th e fac t th a t a la rge change of stage occurred while the first two 
tests were be ing made. Borings made to d erennin e th e location of th e gro und 
water indica ted that the loss from th e lateral was small. 



TABLE IO. Summary of Seepage M easurements (Inflow- Outflow M ethod) . 
Average seepage 

loss 
~ 

sq. ft. of 
A,·eragc w etted 

)lumber o f di s- P er area 
tests C:11rnl s yste m Ca nal Sec t io u Soi I c la ss Lining charge mile in24hr. 

c. f.s. percent c u. ft. 
l 2 3 4 5 (j 7 8 9 
8 Li ndsa y-Strathmore Lowline Uppe r to low er station C lay loa m adobe Gunitc -n.u - .0299 -.0153 
4 A lta Irri gation Di strict )la in Head to second lining Fine sandy loa m & a d obe l.l5.32 7.08 1.65 
1 Alta Irrigatio n District .\lai n H ea d to second lining Fine san el y loa m & a d obe G20. 78° 3.381 3.81' 

Contin uou s 
reco rd . A lta Irri gation District )lain H ea d to secon d li ning Fin0 sn 1H.ly lo:1m & adobe 70G.-! - .088 -0.77 

2 A lta Irrigation Dis trict )lain H ead to first lini ng Fine san dy loam l 11.2-l 10.03 2.07 
:! A lta Irri gation Di st rict ~Iain First Jinin g to second Hnin g Adobe 105.31 7.24 1.63 
2 Alta I rrigation Dist rict )lain First linin g to above Ca mpbe ll Ditch Adobe 105.50 5.28 1.08 
3 Alta Irri gation District :\fa in H ead to below Cam pbe ll Di tc h L oa m an d adobe 107.60 6.56 1.:~8 
3 A lta. Irriga t ion Dis trict :\lain First li n ing to be low Ca mpbell Ditch Loam and adobe 101.15 .43 .09 
2 A lta Irrigation District :\lain Be low Ca mpbe ll Ditc h to second linin g Ad obe ()!l.01 13.36 3.04 
2 Alta Irri gation District )fnin Above to b e low Ca mp bell Ditc h Ad obe 06.37 10.11 2.23 
(j A lta l rrigati on District East Bra nch Orosi Late ra l to Sand Creek Sandy loa m 53.3-l - 2.517 - .782 

6 
Co n t inuous 

Gage :\lain Upper w e ir to low e r weir L oa m :111d sn ndy 1onm Co nc·rcte 24.5-! .007 .037 

record. Gage :\la in Upper w e ir to low er weir Loam and s nnd.v l oam Co nc rete 24 .9 .1 20 .OH 

6 
Cont inu ous 

I mperia 1 Irrigat io n Dis tri ct ,Yest s illC mn in \Vest drain to Thompson Crossing Sand and cla y 275.95 .059 .072 

r eco rd. Imperia l Irriga tion District \Vest s ide main \Vest d rain to Th om pson Crossing Sand an d c la ~- 277.5 .111 .130 
3 Imperia l Irri gatio n Distr·ict Filla ree latera l H ead to second bridge San d and s ilt y c lay 6.0-1 2.!)6 .4 18 
2 Imperia l Irrigat ion District Fillaree latera l H ead to f irst bridge Si lty c la)' ii.OS 6.96 .873 
2 Imperia l Irrigation District Fi lla rec latera l First to secon d brid;::e S'fl ncl 5.-10 -,!)7 -.138 

8 :\fer ced Irri gat ion District Yosem ite LeGrand F lum e No. 1 to t unne l Loa m and adobe 54.80 .!ll. .3a5 
4 

Co nt inu ou s 
1\fPrr·P1l Trri gat inn Di8trirt Ym:;r,mitf' Lf\G rnrnl Fa rm B r i1l gr t o tunne l Loam a nd adobe 97.74 .938 .551 

record. Me r ced Irr gation District Yosemite L eGrand F a rm Bridge to tunn el L oam a nd adobe 95.25 .687 .39 
2 :\ferced Irr gat ion Dist ri ct Yosemi te LeG rand F lu m e :s<o. 1 to F lume X o. 2 L oam and adobe 2G.la 2.78 .115!) 
4 Me rced Irr gat ion Distri ct Yosem ite L eG rand l•' lume :s<o. 1 to F lume X o. 2 L oam and adobe 56.56 1.22 .405 
4 :\Ie r ced h'l' g a t ion District Yosemi te L eGrand F lum e :s<o. 2 to t nnne l T,oam nnd n<l obe 51.64 - .398 -.139 
l :\le rcetl lrr i:a ti o n Di st ri ct Bnrr hc ll Late ral H11r r· lw ll to 1-,nnla l•'r Jfailroa d Loam :rn <l n<l nhr 1a.an .450 .076 



TABLE 10. Continued-Summary of See/Ja ge 1\J earnre111 e11/s (L11flow-Outflow M ethod). 

:,i u111be r ot' 
I ('!'l tS 

G 

2 

2 
2 
:1 
:i 
:1 

. , 
C ,H1 t illll()\I $ 

rceo rll . 
4 

Cont inu ous 
reco rel . 

2 
2 

2 
4 

Conti II uous 
record. 

2 
2 

3 
Con t inuous 

record. 
1 
G 

Cn11 a l i;: _,·stc111 

2 
A nd e rso n -Cotto nwoo el 

I rr il,!:tl io n Di stri ct 
. \ n<krso 11 -Cu t to n wood 

I rrig:lli on Di slri ct 
.\ nde rso n-Cot·to nwood 

I rriga ti on Di st ri tt 

Orin nd P ro j ect 
Ori and Project 
O ri a ncl Proj ect 
Or lancl Proj ,,c-t 
Orin 11d Prnj cet 
Orland Prn jer1 

l•' l't."' ~11n I rrigntion 1 >i st. 

Wre:;no I rrignti on Di st . 
Frt·~n o I rrigation D ist. 

Jc res no Irr iga t ion Di st. 
l?resno rr rigat·ion Di st. 
Ji'rp j,..110 Irrigation Dis t . 

Turl oc k l rri g-nti o n Di s t . 
'l'nrloc k Irrigation Di st. 

Turlock Ir rigat ion Dist. 
Turloc k I rri g ati o n Dist. 
Turlocl< 1 rrigati o n Di st. 

Sut ter -Hntte Ca na l Co. 

Sutte r -H 11 tte Ca na l Co. 
Sutte r -Rutte Cana l Co. 
Sntt Pr - BuHe Ca na l Co. 

1 T wo tes t s omitted. 
N ote : The ucgative signs indicate gains . 

C'a n:ll 

:{ 

~ra in 

'.\l :1in 

La te r a l :,io. D 

Ili g- hlinc 
L :1 te ra l X o. 8 

Ln te ra I ::,; o. 101 
Lateral ::-: o. 2 11 
Late ra l X o. 211 
Latc r:11 :'\ n. 2 11 

ll o u g ht.011 

H oughton 
Briggs Dit e h 

Brig g s Ditc h 
Briggs rnrc h 
Briggs Uit c h 

Hi g h line 
La te ral 17 B 

Late ral 17 R 
Late ra l 17 R 
Late rn l17B 

:\fain 

:\lain 
~lain 

Gree n La te r:1 I 

Sec ti o n 

·I 

St at io n 1 to Sta lio n 2 

Sta ti on 3 to Sta t io n -l 

G rcen·s Bri<l ge to \Vh N.iJe r·s Brid ge 

E n d of linin g to c hu te 
Lined sect ion to brid g-c 

Chec k to lo we r chec k 
U pper to lower w eir 

U ppe r to mitldl e we ir 
.Hitldle to !o we ,· we ir 

C rnn t A,·e. t o W cs tl o wn A,·c. 

Gran t A,·e. to \Ves tla,vn Av e. 
IIeael to J e nsen A,·enue 

H ead to J en sen A ,·en 11 p 
H ead t o Golclen Dawn 

G olde n Dawn t- o .l euscn A ,·e111H .. ~ 

1Ieud to E~a~ t A,·enue Brid g-c 
liea cl to Sect io n 17 -20 

I-Tend t o Sectio n 17-20 
I-l ead to Section 22 

Sec ti on 22 to Sect io n 17-20 

Co x Spi llway t o l'111npin g- St :1 ti o n 

Cox Sp illway to Pum 11ing- Statio n 
Cox Spi llway t o Pumpi ng- Stati on 

J,' ium e to rating flum e 

~o il c lass 

5 

Cr,welly loo m 

Lo:1111 a11d g a,·ellr loam 

C ,·,w e ll y loa m 

L oam 
Sanely loam 
Sanely loam 
Sandy loa m 
Sandy loa m 
Sa ntly loa m 

~and ri nd sa nely loam 

~and an(] snndv loam 
Loam a11d sa11lf .V lo:1111 

L oam ~Ind S:I IHl,\' I Ofllll 
Loam and sandy loam 
L oam n 11tl :-i.a 11dy Joa 111 

Loa m.snndy loam .c lay loam 
Sand nncl sa nely loam 

Sanel and sanely loa m 
Sonelondsancly loam 
$nnel and sandy loa m 

Lon m 

Loam 
1,oam 

Clar nel obe 

A,·erage 
eli s-

Li11i11 g- charge 

G 

Ct)nr rPte 

Co nc ,·ete 
Co nc rete 
C'll ncrete 

c.f.s. 
7 

13G.S2 

70.30 

8.32 

131.24 
13.90 

7.81 
J.(j!) 
l.G!J 
l.():~ 

71. i-19 

M.7 
34.24 

34.24 
:H.17 
30.-1 1 

136.GO 
17.43 

17.H 
17.54 
15.36 

208.!JG 

207.4 
178.48 

5.73 

A\·erage seepag e 
loss 

P er 
S C] . ft. of 

wet k d 
P e r area 

mil l! in :!-l ilr . 
l)<'l'CC lll CII . fl. 

s !) 

.791 .4!)8 

.225 .104 

35. l :i.:H 

.728 .:-,;,,..:-; 
41.3 ~.24 
32.5 5 .06 

:!.78 .1:1:1 
2.H .12!) 
3 .82 .1 ~) 

- 1.0!J - .:m-1 

.4(;2 .1 :,0 
3 .(l:3 1.1!).t 

3 .07 l . l!l 
7.8 1 3.33 

.0 17 .2114 

.343 .239 
12.00 2.61 

lUJG 2.5(; 
G.S:l 1.58 

18.5!) :~.:3s 

1.22 .Dci 

1 .11 .s1; 
1.34 1.14 

10.94 .595 
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Su:-, i\ I ARY OF R Es LTS OF S EEPAGE MEASU REM ENTS 

The results of th e curren t-meter measurements o( seepage from the 
ca nals give n in tab le 9, and a summ ary given in tabl e 10, show concl usively 
that th e seepage losses from concre te- li ned ca na ls a re small , but no less th a n 
the losses from some unlined ca na ls. T he so il s in wh ich th e ca nal s are ex-
cava ted see m to have no co nsistent re lation to the seepage losses. Both high 
and low ra tes o f loss occurred in cl ay so il s as we ll as in sa nd y so il s. The 
seepage is appa ren tly in dependent of th e size of the ca nal a ltho ugh in per-
centage per mile, the late r;i ls ge nerally lose more th an the ma in can;i ls. 
Attempts to isolate the areas where the lo,ses occurred by making measure-
ments at interm edi a te points, usua lly gave errat ic results. The dispari ty in 
the losse; from th e d ilkrcnt sectio ns of th e sa me canal und er approx imately 
simil ar conditions 1s a n indi ca tion of th e limitations o f th e cu1Tent-mete r 
method o f de term i 11 i ng seepage losses. 

The locat ion of th e ground wa ter exerts a de finite influence 0 11 the 
seepage l'rom ca na ls and in case the gro und-water level is high , it may ma-
teri a ll y redu ce th e seepage or may even ca use a ga in. This is one of the 
reasons that seepage docs not va ry in d irect re la tion to th e depth ol water 
in the ca nal. H ardpan and layers o f impervious ma teri a l beneath th e canal 
bed also a ffect th e seepage. It is ev ident from th e foregoi ng a nal ys is th at 
no generaliza tio ns ca n be made regarding seepage from lined a nd unlin ed 
ca nals or from ca nals in var ious types of so il. Apparently th e o nly safe 
practi ce in reaching a ny conclusio n rega rdin g seepage from a chann el is to 
make seepage measurements. 

CONCLUSIO NS 
Of th e 125,000 mil es of ca nals and laterals used for irrigation 

in the 17 Western States less than 5,000 miles had been lined by 
1939, although the Census records show that 38 percent of all the 
water d iverted for irrigation was lost before it reached the point 
of delivery to the farm . 

Seepage as here used is restricted to th e movement oF water 
into or out of irrigation channe ls through the bed materia l. Th e 
amount of seepage may be measured in cub ic feet per square foot 
of water surface or per sq uare foot o[ wetted surface, in cubic feet 
per mi le ol: channel and in percentage o( tota l flow per mi le. 

The permea bi li ty or th e materia l forming th e lining o[ th e 
ca nal , whether it be na tural so il , a depos it of si lt or a n artificia l 
lining, is und er most c ircumstances th e dominant factor in de-
termi ning the ra te of seepage. Theore tical ly, th e head and the 
temperature affect th e seepage rate , but the inf! uence of these 
fac tors is frequently over5badowed by the errors a nd uncertain-
ties in seepage measurements and the changes in pressure in th e 
soil which, according to Darcy"s la \1·, have as mu ch influence as 
the depth or water. 
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Seepage losses are determin ed by measuring the inflow and 
th e o utfl ow from a section of the channel, by noting the drop in 
th e water su r face of a poo l formed by damming off: a portion of the 
chann el, by measuring th e drop of the water surface in pits and 
trenches excava ted in the ca na l or in the g round adjacent to it , 
and by permeam eter observat ions on mater ia l in pl ace in the 
ca na l or on sa mpl es take n [rum th e ca na l with out changing the 
struclllre of the material. 

The current meter is best adapted l'or mak ing inflow and 
outl'l ow measurements in determining seepage, but it is usuall r 
not sufficien tly acc ura te to measure the loss from lined cana ls or 
ca nals in so il s of low perm ea bility. U nder these c ircumstances, 
th e pool method yie lds the most sat isfactory resu lts. Measurement 
of th e see page from pits and trenches is sat isfactory on ly for mak-
ing rough estimates. Permea meters have bee n used to a limited 
extent, but the resul ts o bta ined have been erratic. F urth er study 
of penn ea rn eters is recomm end ed. 

Th e results of observations with the seepage-cup perm ea meter 
on seepage ind icate that it is poss ible to measure seepage in the 
spec ific area covered by the cup, but they indicate also that this 
device is subj ect to serio us limitations. 

T"·o methods have been developed for converting th e seep-
age-cup observat ions into the equiva lent canal seepage. The 
meth od based on formu las developed from a th eoretica l ana lys is 
of seepage phenom ena accord ing to Darcy·s law, is an accurate 
way o[ converting the observations in to canal seepage. The 
gra phical method is simpler, but it is a lso less accura te. However. 
th e errors introd uced from this source are unimportant in com-
parison with th e unavo idable ex per imen ta l errors. More experi-
m enta l data w ill have to be obta in ed bdore th e practicabi lity of 
thi s device ca n be determ ined. 

T he observat ions on the seepage from pits and trenches 111 

two d ifferent types of so il , wh ich were mad e in attempting to 
segregate side and bottom seepage by mathematica l analys is of 
th e exper imenta l data, did not yie ld co nclusive results. 

The results of the attem p t to sepa rate side and bottom seep-
age by in sta lling metal partitions in a trench were a lso inconclu-
sive. T hese tes ts d id disclose, however, that seepage is n ot a 
constant quantity. It increases or decreases with changes in con· 
ditions that frequ entl y are not apparent to th e observer . F urther-
more, these tes ts demonstrated the efficacy of th e l\far iotte control 
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apparatus in maintaining consta n t water levels. Although changes 
in pressure in the soil were disrega rd ed, fairly consistent results 
were obta ined on th e effect o( head on the seepag from various 
parts o r the trench. T hese tests showed, also, the effect of having 
hi gher heads in some parts or th e trench th an in oth ers. 

Measurements o l' seepage based on the drop of the water sur-
(ace in pools in the cana l we re in genera l more consistent than 
those made by measuring the infl ow a nd the outfl ow with current 
meters. In fact, very low rates of seepage coul d be measured 
acc urate ly by this method if there were no large diversions or 
leaks in the section under test. 

The seepage measurements based on th e o bservat ions on the 
drop in the water surface in pool s show that high and low rates 
may occ ur in both lined and unlin ed canals. In some c;:ises the 
losses from canals in sa nely so il s were less than the losses from 
ca nal s in heavy soil s. 

Seepage losses from concrete- lin ed cana ls ranged from less 
than 0. 1 to more th an ~ cubi c feet per square foot per 24 hours. 
T he losses from some ca nals in il ea y clay were a l o less than 0.1 
cubic foot per square foot per 24 hours and the losses from some 
ca nals in very sa ndy soi ls exceeded 25 cubic feet per square foot 
per 24 hours. 

Seepage measurements made by measuring the infl ow and 
o u tflow with current meters should be condu cted during periods 
when the stage of th e canal is constant or changes in bank an<l 
chann el storage may ser iously affect the resu lts. ·wh ere register 
records are used in conjunct ion with the current-meter m easure-
ments, the stage need not remain constant because the period 
covered can be chosen so that the stage i the sa me at the beginning 
and the end . 

The current-meter measuremen ts show that the seepage losses 
are sma ll er than genera ll y anti cipa ted and that there is no con-
sistent re lat ion between type of soi l and seepage ; other factors such 
as ground-wa ter levels a nd si lt accumulations may overshadow the 
effect of so il type. There is a wide range o ( rates o f s epage from 
lined ca nals, which seems to indicate that the quality of the linin g; 
is an important factor . 

T he wide ra nge o f rates of seepage found by pool m eas ure-
ments and inflow and outflow measurements with current meter 
indicates the desirability of making actual seepage measurements 
whenever it is necessary to know how much seepage is occurring 
in a canal. 
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