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ABSTRACT 

I n v e s t i g a t i o n  o f  t h e  mechanics o f  wa t e r  movement from i r r i g a t i o n  

cana l s  t o  t h e  wa t e r  t a b l e  has  been performed on s e l e c t e d  cana l s  i n  

sou thern  Idaho. F i e l d  s t u d i e s  o f  e x i s t i n g  seepage measurement t e ch -  

n iques  i n c l u d i n g  ponding t e s t s ,  inf low-outf low techniques  and seepage 

meters  were made. A new seepage meter  which w i l l  o p e r a t e  e f f i c i e n t l y  

i n  l a r g e  o p e r a t i n g  cana l s  was developed. An a c c u r a t e  and r e l i a b l e  

t en s iome te r  system f o r  moni tor ing changes i n  s o i l  mois tu re  p r e s s u r e  

beneath  o p e r a t i n g  c d n a l s  was developed. Measurled decreases  i n  s o i l  

mois tu re  and p r e s s u r e  benea th  an o p e r a t i n g  c a n a l  du r ing  t h e  i r r i g a -  

t i o n  season i n d i c a t e d  dec r ea s ing  seepage r a t e s  caused by n a t u r a l  s e a l i n g  

of  a t h i n  s o i l  l a y e r  on t h e  c a n a l  bottom. A f a s t  r esponse ,  inexpens ive  

n u l l  p o i n t  t e n s i o m e t e r  was l a b o r a t o r y  t e s t e d  and a  device  f o r  measuring 

t h e  c a p i l l a r y  p r e s s u r e  - s a t u r a t i o n  curve f o r  s o i l s  i n  s i t u  was inves -  

t i g a t e d .  New t echn iques  f o r  o b t a i n i n g  and t e s t i n g  undis t rubed  s o i l  

co r e s  u s ing  h e a t  s h r i n k a b l e  t u b i n g  a l low e f f i c i e n t  l a b o r a t o r y  d e t e r -  

minat ion o f  h y d r a u l i c  c h a r a c t e r i s t i c s .  
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INTRODUCTION 

Th i s  s t udy  was i n i t i a t e d  t o  i n v e s t i g a t e  t h e  mechanics o f  wate r  

movement from i r r i g a t i o n  c a n a l s ,  and t c  develop techn iques  and equ ip-  

ment f o r  s t u d y i n g  t h e  movement i n  both t h e  s i t u r a t e d  and unsa tu r a t ed  

phases .  The f i e l d  work was performed n e a r  Twin F a l l s ,  Idaho on c a n a l s  

ope ra t ed  by l o c a l  I r r i g a t i o n  D i s t r i c t s  and with  t h e  coopera t ion  o f  t h e  

A g r i c u l t u r a l  Research Serv ice .  Laboratory exper iments  were performed 

a t  t h e  Snake River  Conservat ion Research Cente r ,  ARS, n e a r  Kimberly, 

Idaho and a t  t h e  Un ive r s i t y  o f  Idaho. 

OBJECTIVES 

S p e q i f i c  o b j e c t i v e s  were: 

1. To s tudy  t h e  movement o f  wa t e r  from cana l s  and n a t u r a l  

channe ls  a s  it a f f e c t s  a d j a c e n t  l a n d s  and l o c a l  wa t e r  

t a b l e s .  

2 .  To t e x t  e x i s t i n g  methods and develop new techniques  f o r  

de te rmin ing  t h e  amount and d i r e c t i o n  o f  movement o f  wate r  

from c a n a l s  i n  both t he  s a t u r a t e d  and u n s a t u r a t e d  phases .  

3. To develop a  f i e l d  procedure  f o r  d e s c r i b i n g  t h e  permeabi l i ty -  

c a p i l l a r y  p r e s s u r e  r e l a t i o n s h i p  f o r  porous m a t e r i a l .  

PROCEDURES 

I n v e s t i g a t i o n s  under  t h e  first o b j e c t i v e  were d i r e c t e d  p r i m a r i l y  

a t  e v a l u a t i o n  o f  t h e  mechanics of  seepage movement from i r r i g a t i o n  

cana l s  by e x t e n s i v e  f i e l d  s t u d i e s  a s  w e l l  a s  l a b o r a t o r y  exper iments .  

The U .  S. Bureau o f  Reclamation cooperated on t h e  f i e l d  s t u d i e s .  This  

invo lved  t h e  s t udy  of  v a r i o u s  methods o f  measuring and e s t i m a t i n g  

seepage t o  i nc lude  t r a d i t i o n a l  inf low-outf low t echn iques ,  ponding t e s t s  

and an e x t e n s i v e  s t udy  o f  t h e  use of  seepage meters .  Resu l t s  of  t h i s  

s t udy  were r e p o r t e d  by M r .  Brockway a t  t h e  Second Seepage Symposium 

i n  Phoenix,  Arizona and a copy o f  t h a t  paper  i s  appended t o  t h i s  r e p o r t .  



The seepage flow system beneath t h e  cana l s  s e l e c t e d  f o r  s tudy  was 

unsa tu ra t ed  and t h e  measurement o f  s o i l  water  p r e s s u r e  beneath t h e  c a n a l s  

r e q u i r e d  t h e  use of t en s iome te r s .  Seve ra l  types  of  t ens iometer  i n s t a l l a t i o n  

were i n v e s t i g a t e d  i n  an e f f o r t  t o  p e r f e c t  a  system f o r  f i e l d  use t h a t  

would be s u f f i c i e n t l y  a c c u r a t e  and r e l i a b l e  2 monitor t h e  s o i l  wate r  p r e s su re  

beneath an o p e r a t i n g  c a n a l  throughout an e n t i r e  i r r i g a t i o n  season.  A 

t en s iome te r  system us ing  a 3/8  inch  d iameter  porous po rce l a in  cup about  

2 inches  long  was found t o  be q u i t e  s a t i s f a c t o r y .  Two "096 inch  d iameter  

nylon t ubes  a t t a c h e d  t o  t h e  cup with  epoxy r e s i n  were used a s  an i n d i c a t o r  

tube  and b l eed  tube  s o  t h a t  a i r  accumulating i n  t h e  cup could be removed 

p e r i o d i c a l l y .  The r eadcu t  used was a  s imple  mercury pot- type manometer 

cons t ruc t ed  of 1 . 5  mm g l a s s  t ub ing .  A t o t a l  of 35 t ens iometers  were 

i n s t a l l e d  i n  c a n a l  c r o s s  s e c t i o n s  u s ing  s e v e r a l  t ypes  of cup i n s t a l l a -  

t i o n .  Tensiometer cups i n s t a l l e d  i n  t h e  ends o f  p r ev ious ly  d r iven  1 inch  

d iameter  e l e c t r i c a l  condui t  p iezometers  proved bo th  expedien t  and r e -  

l i a b l e .  This  method a l lows  i n s t a l l a t i o n  i n  an o p e r a t i n g  c a n a l  whereas 

i n s t a l l a t i o n  i n  p i t s  r e q u i r e s  dewater ing of t h e  cana l .  Some of t h e  

tens iometers  i n s t a l l e d  i n  1966 have func t ioned  f o r  3 i r r i g a t i o n  seasons 

without  removal du r ing  t h e  w in t e r .  

This  s t u d y  i s  one o f  t h e  f i r s t  i n  which an unsa tu ra t ed  flow system 

beneath an o p e r a t i n g  c a n a l  has been monitored ex t ens ive ly .  In  a d d i t i o n  

t o  wa te r  p r e s s u r e  measurement with  t ens iome te r s ,  t h e  s o i l  mois ture  pro- 

f i l e s  beneath t h e  ins t rumented  s e c t i o n s  were measured r g g u l a r l y  dur ing  

1967 u s ing  neu t ron  moisture  meters i n  access  t u b e s  i n s t a l l e d  i n  t h e  

ope ra t i ng  cana l .  

P r e s su re  and s o i l  mois ture  beneath t h e  c a n a l  g r adua l l y  d e c l i n e  du r ing  

t h e  i r r i g a t i o n  season .  A t y p i c a l  p l o t  of E l eva t i on  P o t e n t i a l  versus  

Time, Fig.  1, i l l u s t r a t e s  t h i s  phenomena, The s h o r t  term f l u c t u a t i o n s  

could n o t  be a t t r i b u t e d  t o  any of  t h e  u sua l  f a c t o r s  such a s  baromet r ic  

p r e s s u r e ,  t empera ture  o r  irrigation ad jacen t  t o  t h e  cana l .  The gene ra l  

d e c l i n e  i n  t h e  p r e s s u r e  throughout t h e  season can be a t t r i b u t e d  t o  a  

g r adua l  s e a l i n g  of  a  t h i n  s o i l  l a y e r  on t h e  bottom o f  t h e  cana l  with  a  

r e s u l t i n g  decrease  i n  seepage. Measurement of t h e  change of h y d r a u l i c  



conduct iv i ty  with depth i n  s o i l  cores  c b t a i ~ e d  fram t h e  bottom of t h e  

cana l  i n d i c a t e  a  s e a l i n g  l a y e r  l e s s  than  1 ln-h t h i c k  an the  s u r f a c e .  

A new OWRR a l lo tment  p r o j e c t  t o  s tudy  t h e  mechanizs of t h i s  n a t u r a l  

s e a l i n g  process  i s  now underway, 

To expedi te  t h e  read ing  of banks of  t e r 1 s ~ 3 m e t e r s  In  t h e  f i e l d ,  a  

readout  system us ing  a v a r i a b l e  r e l - ~ c t a n z e  type p re s su re  t r ansduce r  

wi th  a  p o r t a b l e  b a t t e r y  powered meter was de~elopec l ,  A s t epp ing  mult i -  

po in t  valve was used and wi th  t h e  s h o r t  response t ime of  the p re s su re  

t r ansduce r  it was p o s s i b l e  t o  read  up tc 1 0  t e n s i ~ m e t e r s  i n  a  s h o r t  t ime.  

F i e l d  eva lua t ion  o f  t h i s  system was no t  achieved because o f  a  f a i l u r e  

i n  the tens iometer  cups caused by sweLiing cf  he nylon tub ing  making 

it impossible  t o  b l eed  t h e  a i r  frzm the  rups , 

Methods o f  i n s t a l l a t i o n  and r e s u l t s  o f  f i e l d  tens iometer  s t u d i e s  

a r e  o u t l i n e d  i n  d e t a i l  i n  t h e  progress  r e p o r t s  f o r  t h e  p r o j e c t  and sum- 

marized i n  t h e  paper  "Estimating Seasonal Changes i n  l r r i g a t i o n  Canal 

Seepage" presen ted  a t  t h e  1 9 6 7  Regional meeting of t h e  American Soc ie ty  

of A g r i c u l t u r a l  Engineers i n  Spokane, Washington, A copy of  t h a t  paper  

i s  appended t o  t h i s  r e p o r t ,  

Other work under t h e  second ob jec r ive  w a s  done by M r ?  J. R. Busch, 

a gradua te  s tuden t  a t  t h e  Universi ty  of I d ~ h o ,  wha developed a  n u l l  

t ens iometer  and wrote h i s  M-So t h e s i s  or? the l abo ra to ry  eva lua t ion  of 

t h e  device.  The tens iometer  uses a  p o s i t i v e  p re s su re  as a  measure of  t h e  

nega t ive  p re s su re  i n  t h e  s o i l  water by means o f  two connected diaphragms. 

Some of  t h e  advantages o f  t h i s  device > v E r  c t h e r  t ens iometers  a r e  very 

s m a l l  response t i m e ,  no water  f i l l e d  t7 .hes under t ecs fon  gging below 

t h e  ground l e v e l ,  and t h e  device i s  r e l a t i v e l y  inexpensive when com- 

pared t o  o t h e r  tens iometers  wirh s i m i l a r  Tesponse t ime.  The accuracy is  

s a t i s f a c t o r y  f o r  l a b o r a t o r y  use and lt appears t h a t  i t  would be durable  

enough f o r  f i e l d  use al though i t  has  n c t  been t e s t e d  i n  t h e  f i e l d  a s  y e t .  

Under o b j e c t i v e  3,  some work was done I n  t h e  l abo ra to ry  and a  device 

was b u i l t  t o  ob t a in  t h e  capillary p re s su re  s a t k y a t i o n  curve i n  s i t u .  

However, it i s  t o o  complicated t a  be x e d  I n  t h e  f i e l d  and t h e  t ime i n -  

volved t o  g e t  one r ead ing  i s  no t  p r s c r l c z l ,  This  device depends on a  





s teady  s t a t e  flow s i tua . t i ;n  o , rar i r ,g  i ~ r  rkaw l n r s  .the s,.il from a  po in t  

source .  I t  appears  t h a t  it w i a k  bn ~mpcss . ib ie  tr; d e v e l ~ p  a  p r a c t i c a l  

device f o r  t h i s  ps rpase  lxrii, t.he rns.;;dy ?-dimensional equa t ion  f o r  

flow i n t o  a dry soil is so l ' \~ed ,  

The device d e v e l ~ p e d  by Mr. Brs.-kcay 3- .! orhe?r al lows f i e l d  samples 

t o  be handled much e2sler ln .the ?.abs~r=-:;.>?y. This sampler is used t o  

remove an undis turbed :,>_re w h ~  - h  i s  r-hen enszased i n  hear  sh r inkab le  

p l a s t i c  t ub ingo  These samples m,sy . :~$I I  be s ~ c r e d  o r  e a s i i y  handled 

without  damage u n t i l  permeabi l i ty  ci;rx.cs m y  bo run i n  t h e  l abo ra to ry .  

This appears  t o  be a m-~ch rnclre f e a s i b l s  pr2,:edu-r~ chan eittempting t o  

g e t  measurements of  t h e  s o i l  ;n s . ~ t u . .  Details sf r h e  l abo ra to ry  pro- 

cedure f o r  t e s t i n g  cf s o i l  cores  i.3 sh r l zkab le  tubir?.g a r e  contained i n  

t h e  r e f e r ence  appended t 3 t h i s  r e p , x r .  

RESULTS AND ICON",LTJSLONS 

1. A f i e l d  e v a l u a t i c n  c f  seepage neasQreme?r methods showed t h e  pnnding 

method t o  be t h e  most 3?cu:ate. b ; ~ -  t he  mcz: expensive, 

2 .  The use of  seepage meters 53~. :-bcsrning estimat:es is  expedient  and 

economical.. A new meter z 3 p l b l ~  :.f ? 'x r . , t im, lng  i n  a  cana l  a t  

ope ra t i ng  deprh has been deiielcpe.3.- 

3 .  A prccedure f o r  esr imat l .ng s7 3tis:1~311y t h e  number of seepage 

meter t e s t  r e q u i r e d  was Sae-~e%>p2d- 

4. A r e l i a b l e  r e n s i o r n e t ~ r  sys"en em5 zez4~ : t  f=.r m o n i t ~ r i n g  s o i l  

moisture pressu:ce beo.e a-h :.perat ~ n g  .: 3nz LS was c ~ n s r r u c t e d ,  

5.  S o i l  mo i s t~ l r e  and FFessu;=e bepear-h a p e r s t i n g  cana ls  may gradua l ly  

decrease  duping t h e  I . r r i g a t i ~ r  s:ascr! wizh a corresponding de- 

c r ea se  in .  seepage f lew.  T h i s  ?c r r . sas~  1,s a t ta . ibu ted  t o  gradua l  

s e a l i n g  by sediment , 3.23 miirzbiz . l  a z.:;vity, 

6 .  A new t e c h n i q w  f-r c b t l n r ~ g  . z r d  +esr . lng u~:disturbed soril  cores  

us ing  heat. .shrinkabln + : k . i ~ g  was dsi.f:..:ped and used s u c c e s s f u l l y  

i n  t h e  l a b o r a ~ o q  . 

7. A n u l l  p o i n t  tensicmetex whirh h a s  a s m s . 1 1  respcnse time and i s  

r e l a t i v e l y  inexpensive h3s  been 1 +As -at-':ry ~ e c t e d  and should be 



s u f f i c i e n t l y  rugged f o r  f i e l d  use 

8. A dev ice  f c r  measuring t h e  c a p i l L a r ~  p r e s s u r e  s a t u r a t i o n  curve 

i n  s i t u  was c o n s t r u c t e d  but  i t  is rcc ' l m e  zonsumfng 3nd zompli- 

c a t e d  for  f i e l d  u s e "  
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