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INTRODUCTION 

I n  most cases, accurate seepage loss  measurements are very 
necessary i n  the jl~dicious selection of reaches of canals and l ~ t e r a l s  
f o r  lining. "Before" and "after" l in ing  seepage measurements indicate 
the effectiveness of the l ining i n  reducing seepage losses. Many seep- 
age measurements have been made i n  recent year6 by the Bureau of 
Reclamation, particularly since the instigation of the program t o   develop^ 
a lower-cost canal l ining ~uthor ized  by Circular Letter No. 3398 dated 
June 6, 1946. The resul ts  of each individual study have heen described 
i n  considerable d e t a i l  i n  technical reports, l e t t e r s ,  and memoranda. 

-.. 
Further references on canal seepage losses and a l l ied  subjects 

may be found i n  Hydraulic Ls'Soratory Report No. ~yd-88, "A Bibliography 
of Subjects Pertaining t o  Losses in Canals," November 1940 and i n  the 
bibliography contained i n  "Lower-cost Canal Linings--A progress report 
on the development of lower-cost l inings fo r  i r r igat ion canals," Denver, 
Colorado, June 1948. For easy reference a brief  bibliography is fncluCed 
i n  t h i s  report as Appendix A.  

PURPOSE 

The purpose of t h i s  report i s  t o  combine the resul ts  of the 
numerous loss  measurements under one cover f o r  the convenience of those 
who u t i l i ze  the information. No new information i s  presented. 

The seepage data i n  t h i s  report are given i n  terms of r a t e  of 
i seepage loas. Wherever possible, t h i s  ra te  is given in  terms of cubic 

f e e t  per square fee t  of wetted area per 24 hours. This report i s  not 
primarily concerned with volu~lle of water l o s t  nor with the ra te  o r  volume 

v a t  which l ining would be feasible.  I n  ccnsidering the possibi l i ty  of l in -  
ing the t o t a l  volume of water los t  is, of course, of importance; however, 



volume of water los*, may be of considerable i G r t a n c e ,  especial ly  i n  
area6 w i t h  poor drainage conditions. 

SCOFE OF THE -S b 

The loss  measurements were made f o r  three specific purposes: 

a.  To evaluate the merits of various methods 
f o r  determining seepage losses  

b. To determine the effectiveness of d i f fe ren t  
types of l i n ing  materiar3s 

c. To ascertain the need f o r  l in ing.  

I n  addition t o  actual  loss  studies,  the  measurements included, 
i n  many instances, the elevation of tine ground-water table  i n  the per- 
tinent area and the water temperature. When considered necessary, the  
qusnt i ty  of evaporation was a l so  evaluated by u t i l i z i n g  information from 
a nearby weather s t a t i on  o r  by use of a f?.oating pan i n  the i r r i ga t ion  
canal under observation. The reader i s  referred t o  the detai led write-ups 
given i n  the  references contained i n  t h i s  re,port f o r  the  above inf.ormxtion. 

Except f o r  the experiments performed i n  cooperation with S ta te  
Earperiment Stat ions  and at the Denver Federal Center, the studies were 
l imited t o  exis t ing canals, both new an8 old.  

Preinveatigations conducted t o  predict  losses  f r o m  unexcavated 
canals were performed under the auspices of the Earth Laboratory md 
are not discussed i n  this report. I n  those Instances where the  preinves- 
t i ga t ion  procedure V88 applied i n  conjunction v i t h  the loss  measurements, 
the  l a t t e r  data were furnls.hed t o  appropriate personnel t o  enable an 
evaluation of t h e  accuracy of the unproven preinvestigation methud. Such 
evaluation w i l l .  be the qubject matter of a l a t e r  report. 

METBODS FOR MEASURING SEEPAGE LOSS 

The quantity of water l o s t  by seepage w a s  measured by three 
methods; nmely, (1) ponding, (2) inflow-outflow, clnd (3) seepage meter. 
Brief descriptions of the three methods follow. 

C 

Ponding Method 

The poneing method i a  considered t o  be the  most accurate known . 
technique of meclsuring seepage losties from i r r iga t ion  canals and l a t e r a l s .  



Seepage losses  from short  reaches of cans1 say  be measured by t h i s  method 
with great accuracy. Seepage losses are  determined by i so la t ing  a reach 
of canal w i t h  watertight bar r ie rs  and f i l l i n g  the t e s t  reach of canal 
with water. The usual procedure i s  t o  measure the time r a t e  of f a l l  of 
the water surface i n  the pond. Then, knowing the physical dimensions of 
the  pond, the seepage r a t e  can readily be determined. A variation of t h i s  
procedure consists of measuring the inflow of water required t o  keep the 
water surface in the pond a t  a constant elevation. Two disadvantages of 
the  ponding method are  (1)  the canal must be taken out of operation dur- 
ing t e s t s ,  and (2)  the construction and the removal of the wtitertight 
bar r ie rs  required in  the formation of the ponds is ra ther  costly. 

Inflow-outf low Method 

The inflow-outflow method of measuring seepage losses  consists 
simply of measuring the quantity in to  and out of a cer ta in  reach of canal. 
(This l a t t e r  measurement must include any extractions o r  obvicus  leak^,) 
The difference between the inflow and the outflow represents the seepage 
lo s s  (together w i th  the evaporation loss )  . Gaging s ta t ions,  weirs, 
Psrshal l  flumes, current meters, and other measuring devices can be used 
i n  measuring the flow. Small inaccuracies i n  the measuring devices can 
become of major concern i n  the accuracy of the actual  seepage loss .  
Conparsrtively long reaches of canal are  required f o r  the inflow-outflow 
method i n  order t ha t  the seepage loss  w i l l  be of measurable magnitude. 

Seepage Meter Measurements - 
The seepage meter is  an instrument f o r  the measurement of 

seepage losses  from canals and l a t e ra l s .  This meter may be used i n  flow- 
ing water durine the i r r iga t ion  season. I n  no way does the meter in te r -  
f e re  with canal operation. The accuracy of the seepage meter i.n 
determining seepage losses i s  questionable although the instrument 
appears t o  have merit i n  indicating seepage loss  trends. The paper, 
Vescr ipt ion and Suggested Aids i n  the Operation of the U.S.B.R. Seepage 
Meter--Branch of Design and Construction, Denver,.August 1950," included 
a s  Appendix B, gives detailed information on the seepage meter. 

Seepage Measurement Summaries 

In t h i s  report the summaries of the various t e s t s  a re  grouped 
by calendar years i n  appendices, and are  then broken darn by projects. 
The resu l t s  of similar t e s t s  performed i n  future years w i l l  be included .' as additional appendices, thereby keeping t h i s  summary report up t o  date. 
The appendices a re  a s  follows: 



Bibliography 
Seepage Meter Details 
Seepage ~ata--1943 
Seepage ~ata--1945 
Seepage ~ata--1946 
Seepage ~ata--1947 
Seepage ~ata--1948 
Seepage Data--1949 
Seepage Data--1950 

!l!he project break-dm m y  be found i n  the Table of Contents. 









OPERATION OF !THE U.S.B.R. SEEPAGE: METER 

Branch of Design and Construction 
Denver) August 1950 

The seepage meter i s  a modified version of the constant head 
permeameter and consists of a watertight seepage cup connected by a tube 

I 
t o  a f lexible  bag for  holding water. The cup isolates  a known surface 
area of canal bottom. The water seeping through t h i s  area comes from the 
f lexlble  bag and may be measured. The flexible bag of water, being sub- 
merged, maintains the same head on the t e s t  meter a s  i s  on the surround- 
ing area of canal bed. Knowing the area under the meter and the loss of 
water from the bag f o r  a given period of time, the seepage ra te  i n  cubic 
f ee t  per square foot of wetted area per 24 hours may be eas i ly  determined. 

Details of the seepage meter i t s e l f  are shown on Drawing No. 
8030-RH-1, Figure 1, while de ta i l s  of the f lexible  p las t ic  bag are shown 
on Drawing No. 8030-RE-2, Figure 2. These drawings show the current 
design of seepage meter. The various changes in  the design have been 
evolved from experience gained from f i e l d  operation of the meter. The 
ease of operation of the meter has been improved by the various changes 
i n  its design. The standard cup depth i s  now taken as 12 inches as 
shown on the drawing. This depth is  suitable fo r  most conditions found 
i n  the f i e ld  and i s  a minimum essential  when the meter i s  used i n  very 
so f t  canal bed material. A shallower cup has been used t o  good advantage 
i n  canals wtth fim, hazd bottoms and in shallow depth l a t e ra l s  where 
the 12-inch cup is too deep for  satisfactory submergence of the meter. 
This  present design of seepage meter c a l l s  fo r  a bottom area of 2 square 
fee t .  Both larger and smaller area meters have been suggested f o r  use 
under special conditions. 

The success of the seepage meter in  measuring seepage rates  
is, t o  a large extent, determined by the s k i l l  of the operator. The 
seepage meter, with the valve open to  permit entrapped a t r  t o  escape, 
i s  carefully forced into the canal bed a t  the location of the desired 
seepage measurement taking care to  get a good seal around it. I n  order 
t o  release all the a i r  i n  the cup the valve should be submerged. This 

1 cperation must be performed very carefully i n  order not t o  disturb the 
canal bed any more than necessary. The meter may be forced into the 
canal by standing on it, by driving, or  by pressing. After the meter 
is firmly i n  place the valve i s  closed. 

The flexible seepage bag is  part ly  f i l l e d  with water, weighed, 
and connected to  the tubing leading t o  the seepage cup. A hose clamp, 

w located addscent t o  the seepage bag neck, is kept closed so tha t  no 
water i s  lo s t  from the bag u n t i l  the s t a r t  of the t e s t .  The bag should 



be only part ly  f i l l e d  with water so tha t  no i n i t i a l  pressure exis t s  i n  
the bag tha t  would cause an increase i n  the effective head on the area 
of canal being tested under the seepage meter. Further care should be 
taken in  eliminatinn a l l  a i r  from the tube connectina the seepage CUD 

is not harmful, although care should be taken t o  expel the major 
portion of the a i r  prior t o  the weighing of the bag. 

Once the seepage meter i s  i n  place, the seepage bag partly c 

- - - 
meter i s  ready fo r  the actual seepage measurement. The bag must-be 
submerged t o  insure equal pressures inside and outside the cup. With 
the bag in  position the hose clamp i s  released and the s ta r t ing  time 
for  the run i s  recorded. 

Care must be t a e n  not t o  exert pressure on the bag as  t h i s  
rrould resul t  in an increased head acting ir-side the seepage cup. I n  
canals with high velocities the bag should be protected from the impact 
of' the velocity. The run i s  concluded by closing the hose clamp a t  the 
mouth of the bag. The bag should not be elevated above the water sur- 
face a t  any time during the t e s t .  To do so would increase the effective 
head on the meter and v i t i a t e  the results.  

For usual conditions 60 minutes has been found t o  be a very 
satisfactory length of time to  complete one t e s t .  In canals of very 
high seepage rate, t h i s  time may have t o  be reduced so tha t  the t e s t  
w i l l  be concluded prior to  the time the seepage bag empties. 

In  special cases where a poor sea l  around the meter cup is  
suspected, the water i n  the seepage bag maj be dyed. If a leak is 
present the dye w i l l  ac t  as an indicator and the meter can be reset.  

For ease of recording the seepage meter data, a standard 
"Seepage Meter Data Sheet" has been prepared. A copy of t h i s  data 
sheet, "Form DCT-27, 11-49, Bureau of Reclamtion" is  attached as 
Figure 3 .  
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CBJIHO VALLEY PROJECT--ARIZONA 

Seep* losaea on t lm Chino Valley Main ~ a $ a l  were determined 
by the inflow-mtflcw method. Owing statianrs, calibrated by current . 
metars, wem locate42 at each end of the Main Canal; The upper gage was 
located irmnedistely below the point where the 36-inch concrete pipe dis- 
charged into the canal. The lower gage waer located 600 fee t  above the 
f i r s t  diversion from the canal. The t o t a l  length of t h i s  t e s t  section 
ma !56,475 f e e t  or 10.70 miles. Ten-day a v e r w s  of discharge a t  the 
wag stations were ut i l ized i n  determining the seepage losses. 
Tbirtean mch ten-day periods cover the 1943 irr igat ion season. TPlree 
PO-day periods i n  1942 and eight in  1941 are also included, making a 
t o t a l  of 24 1G-day periods. The average inflow into the canal w a s  12.72 
second feet .  The average l o e ~  was 4.14 second feet or  32.5 percent for  
the 10.70 miles or  3.04 percent per mile. 

Reference: Region 3 ProJect Planning Report No. 3-h.9-0, Chino Valley 
Pro,ject, Arizona, b+ed  April 1946. 





GILA PROJECT--mzm 

Seepage measurements were made on th ree  unlined canals of the  
?!ma Mesa Division of the  Gila Project .  The r e s u l t s  of theee tests are 
summarized i n  the following table .  The seepage losses  a r e  expressed i n  
cubic f e e t  per square foo t  of wetted area per  24 hours. 

Canal - Method Depth of water Seepage l o s s  

B-3.7 -1.8s Ponding 0.85 foo t  1.31 
A-6. 5W Ponding 1.01 f e e t  3.30 
B-3.8-3.3s Inflow-outflow 0.70 foo t  3.02 

I n  addit ion t o  the above tests, aeepage measurements were a l so  made i n  
farm ditches and i n  ea r th  l a t e r a l s .  Recorded losses  i n  the farm di tches  
varied between 11 and 25 percent per mile. I n  t he  e a r t h  l a t e r a l s  t h e  
losses  varied between 0.95 and 6.39 cubic f e e t  pe r  square foo t  of wetted 
a rea  per 24 hours. 

Other seepage t e s t s ,  using the inflow-outflow method with 
current  meters t o  measure the  flow, were conducted p r io r  t o  the above 
t e s t s ,  but  the  refiults were not recorded i n  the  following reference. 

Reference: Memorandum t o  Acting Construction Engineer, G i l a  Project ,  
dated August 17, 1945, from L. J. Booher, Yuma, Arizona, subject  
"Seepage losses  from Earth Canals on the  Yum Mesa-Gila Project." This 
memorandum w a s  transmitted from Acting Construction Engineer t o  Regional 
Director, subject "Seepage losses  on Yuma Mesa Division--Gila Project ,"  
dated September 25, 1945, at  Yuma, Arizona. 





Seepege loss measurements, using the inflow-outflow method w i t h  
current meters for  measuring$ the discharge, were made i n  the Casper Canal 
and i n  the principal l a t e ra l s  under this canal during the 1946 irr igat ion 
season. The Casper Canal was di.vided into the following f ive reaches: 

Reach - Stationiilg Checked depth i n  the reach 

1 O+OO t o  651+00 3.5 feet 
2 651+00 t o  1076*00 3.6 fee t  
3 1076+00 t o  156900 3.7 feet 
4 1569+00 t o  2 ~ ~ ~ 0 0  4.0 feet 
5 2 ~ ~ 0 0  t o  2565+00 5.0 fee t  

Seepage losses are summarized i n  the  following table fo r  both the Casper 
C a n a l  and the laterals .  

A.  F. for  the season Percent loss 
Canal Len@ of reach Inflow Loss Total P e r  mile - - 

10.76 miles 9975 1246 12.49 1.16 
7 58 8227 393 4.78 0.63 
9.11 7746 1117 14.42 1.58 
9 92 6220 1135 18.25 1.a 
7.30 3960 1235 31.19 4.25 

1.73 269 9 114.5 56.17 32.47 
2 35 284.6 44.9 15.80 6.72 
3 .85 220.6 64.2 29.10 7.56 
6.30 403 3 341.6 84.70 13.44 
2.14 79.9 29.4 36.80 17.20 
1.83 123 9 33.1 26.70 14.59 

6.26 1125.6 794.3 70.57 11-27 
3.40 366.8 39.6 10.79 3.17 
4.27 293 9 199.7 67-95 15-91 

Reference: Memorandum f o r  Dis t r ic t  Manager, Casper, Wyoming, dated 
April 3, 1947, subject "Canal and la tera ls  seepage loss and wave action 
studies--Kendrick Project." 



MIRAGE FLATS PROYECT--NEBRASKA 

I n  September 1946 two inflow-outflow measurements were made 
%or determining seepage losses  from the  692.5-foot sect ion of the  Main 
Canal from Sta t ion  46&22 t o  Sta t ion 475+14. Temporary C i p o l l e t t i  weirs 
with 3-foot c r e s t s  were i n s t a l l ed  a t  each end of the  t e s t  reach f o r  meas- 
u r i n g  the  discharge. Depth i n  the canal  during the  tests was about 50 
percent  of the  design depth of 4 f e e t  1.8 inches. The design discharge 
f o r  t h i s  reach of canal  is  220 second f e e t ,  with a bottom width of 16 
f e e t .  The s i de  slopes were 1-1/2 t o  1. Water was turned i n to  the  t e s t  
reach of canal  a t  4 p.m. September 28, while observations were made i n  
t he  morning and in  the  afternoon of September 29. The following t ab l e  
summarizes the r e su l t s  of these  tests: 

Discharges i n  second f e e t  
Obeervation Upstream Downstream Tota l  Loss per 

No. weir weir losses  u.ile 

Reference: Fie ld  t r i p  repor t  t o  Chief Engineer through Chief, 
Engineering and Geological Control and Research Division from Dale M. 
Lancaster and V. S. Meissner, subject  "Seepage Investigations--Mirage 
F l a t s  Project  .= 



PROVO RIVBR PROJECT--UTAH 

Seepage losses from four reaches of the  Provo Reservoir Canal 
were measured by the inf'low-outflow method, using current meters. Reach 
1, nearly 60,000 f e e t  long, contained 2,000 f e e t  of compected clay l i n ing  
an6 3,300 feet of loose c lay  l ining.  Reach 2, 8,700 f e e t  long, con- 
tained 7,950 f ee t  of s i l t e d  l ining.  Reaches 3 and 4 were unlined. The 
data obtained from these t e s t s  a re  summarized i n  the following table:  

* 

Reach ' Seepage los sespe rmi l e  
No. - Stationing Second f e e t  Percent 

n. 

Reference: Let ter  ( report )  t o  Project Engineer, Provo River Project, 
from Engineers R. W. Jennings and J. R. Bingham, subject "Lower-cost 
C a n a l  Lining--Provo River Project, U t a h . "  Let ter  of t ransmit ta l  $0 

~ e g i o n a l  Director, from Project Engineer dated ~ o v e i b e r  6 ,  1947, 
subject  "Transmittal of report  lLower-cost Canal Lining1--Provo River 
Project, Utah." 





SEEPAGE METER AND INFUW-QUTWW T E S T S - - ~ ~ ~ ~  
GILA PROJECT--ARIZOI,U 

Seepage meter and inflow-outflow seepage measurements were 
made i n  two reaches of B-3 .7-1.8s cans], Yuma Mesa Division, G i l a  
Project, during December 1947. Four seepage meter set t ings were made 
i n  the upper reach of canal while three meter settings were made i n  
the downstream reach. The seepage losses are expressed i n  t e r m  of 
second fee t  Fer 1,OOG fee t  of canal length. - 

Method 
Seepage losses 

o t o  1 9 2 0  19-1-20 t o  32+57 

Inflow=outf low 0.39 4-55 
Inflow-outf low 0.34 4.41 
Inflow-ou t f  low 0.10 4.00 
Seepage meter 0 -06 0 -22 

Seepage losses from the reach of canal between Station 0 and 
S t a t i o n  Is20 were also obtained in  1945, see Appendix C, e.l.though the 
seepage rates  are expressed i n  different units. 

Reference: Memorandum t o  Superintenthnt, G i i a  Project, from Engineer 
R. E. Goss, Lower color ad^ River Distr ict ,  Yuma, Arizona, subject 
"Seepage Losses from Canals--Yuma Mesa, Gila Project," dated February 6, 
1948. 



PROVO RIVER PRO JECT--UTAH 

During 1947, repeat  seepage measurements were made i n  t h e  
four  reaches of the  Provo Reservoir Canal t e s ted  i n  1946. As i n  the  
1946 tests, these  measurements w e r e  made with current meters using 
the  inflow-outflow method. Results  a r e  summarized i n  t h e  following 
t a b l e  and comparisons are  made with t he  1946 resul ts :  

Seepage losses  per mile Percent of 
Reach S t a t  ionina Second f z e t  Percent 1946 r a t e s  

Two of the  reaches showed an increesed seepage l o s s  and two a decreased 
seepage l o s s  from 1946 t o  1947. The average f o r  a l l  f ou r  reaches i n  
1946 was 0.72 percent per m i l e  and i n  1947 the  l o s s  was 0.68 percent 
per m i l e  o r  95 percent of the  1946 losses .  

Reference: Let tez  ( repor t )  t o  Project  Engineer, Provo River Project ,  
from Engineers R .  W. Jennings and J. R. Bingham, subject  "Lower-cost 
Canal Lining--Provo River Project ,  Utah." Let ter  of t r an smi t t a l  t o  
Regional Director from Project  Engineer dated November 6, 1947, subject  
"Transmittal of report  'Lower-cost Canal Lining1--Provo River Project." 





EEJGINEEFUMG EXPERIMENT STATION 
UNIVERSII?' OF IDAHO 

During 1948, seepage measurements were made i n  the  Main Canal 
of the RatMrum Pra i r ie  Project, Idaho. This work, known as  "Special 
Research Project  No. 20" was performed by personnel from the Engineering 
Experiment Stat ion of the University of Idaho with the S o i l  Consemt ion  
Service and the Bureau of Reclamation, Region 1, cooperating. These 
seepage loss  measurements were made using (1) the inflow-outflow method, 
and (2)  the  seepage meter. Both clay-lined and unlined reaches of canal 
were tes ted.  The seepage r a t e s  obtained a re  summarized i n  the following 
t ab l e  : 

~oss--cfs/mile 
Water Inflow- seepage 

Reach - Lining Stationing depth outflow meter - 
1 Compacted clay 3+71 t o  91+50 3.0 0+ 0.02 

6-in gravel cover 
2 7,050 f t  unlined 91+50 t o  182+00 2.5 1.33 1.14 

2,000 f t  compacted 
clay 

3 Unlined 182e00 t o  205+50 2.5 3.32 1.15 
4 Loose clay--4 inches 2lO+5O t o  236+50 1.6 0.51 0.08 

thick 

This research project  i s  being continued with special  emphasis on the 
seepage meter. 

Reference: Report Wethods of Evsluating Seepage Losses from I r r iga t ion  
Canals," by C .  C .  Warnick, Engineering ExperZment Stst ion,  University of 
Idaho, April 1949. 



UTAH AGRICULTURAL STATION 

The f o l l m i n g  seepage measurement studies were made by the 
Utah Agricultural Experiment Station with the Soi l  Conservation 
Semice and the Bureau of Recltumtion coopersting: 

(1) Pmvo R i v e r  Reservoir Canal--unlined. Insuff ic ient  
sccuracy was obtained by the inflow-outflow method u t i l i z i n g  current 
meters t o  give re l iab le  seepage losses. 

( 2 )  Richmond I r r iga t ion  Company Canal--unlined. 

(a) 0 ~ i g l m l  canal--inf low-outf low mes~urements indicated 
51-percent loss  i n  1,800 f ee t .  Ponding tests showed a maarimum 
seepage loss,  a t  a depth of 1.0 fee t ,  of 16 cubic f e e t  per square 
foot of wetted area per 24 hours. 

(b) Relocated C-1--ponding t e s t s ,  a t  a depth of 2.0 f e e t  
indicates a maxirmua seepage ra te  of 6 cubic f e e t  per square foot  
of wetted area per 24 hours. 

(3)  Cache County Canals--permemeter t e s t s  resu l t s  were as 
follows : 

Permeability K-feet per year 
Bottom East slope - We a t  slope 

Logan, Hyde Park, and Smithfield 3 51 
fRwiston Esst  Branch 

51 
20 52 51 

Leviston West Branch 27 112 173 

(4) Experimental l inings a t  the River Iaboratory: 

Permeability K-feet per year 
Materi a 1  Bottom Side slopes 

Trenton sandy loam plus 12 
5 parts bentonite 

285 

Trenton sandy loam plus 
2 p r t e  bentonite 

580  580 

Mendon silt lomu plus 108 730 
salt 

Reference: "Utah Cooperative C a n a l  Lining Studies, Progress Report f o r  
19h8, River Iaboratory Investigations, Fabrics f o r  Canal Linings, C a m 1  
Seepage Studies, North Logan Field Test, Richmond Field Test, d a t e d  
January 1949. 



~ W. C. AUSTIN PROJECT--OKLAHOMA 

Ponding t e s t s  were made on three reaches of the W. C .  Austin 
Lateral West 11.5 with soil-cement l inings.  The l ining was placed with 
a 4.0-foot bottom, 1-1/2 t o  1 side slope, and a ve r t i ca l  height sf 3.0 
fee t .  The resul ts  of these t e s t s  are summarized in  the following table: 

Stationing Cement content Seepage ra te  

211+00 t o  223+00 11.6 0.14 cubic foot per square 
197+15 t o  211+00 15 5$ 0.03 "oot of wetted area 
223+00 t o  237+75 17 5% 0.07 per 24 hours 

One unlined reach of l a t e r a l  immediately downstream of the l ined reaches, 
Station 237+75 t o  Station 24975, was ponded. This 1,200 f e e t  of unlined 
l a t e r a l  had been dry for  2 months. Water was not available for  priming, 
therefore the seepage ra te  indicated by ponding i s  probably somewhat 
higher than would be expected during normal operation. The average of 
the ponding t e s t s  fo r  t h i s  reach of unlined l a t e r a l  was 0.95 cubic foot 
per square foot of wetted area per 24 hours. 

Reference: 3femorandum t o  Project Engineer, W. C.  Austin Project, from 
R. C. Brummett dated December 13, 1948, subject "Report on Tests of 
Seepage Losses i n  the Plast ic  Soil-Cement Lining i n  West 11.5 Ia tera l ,  
Station 196-1-96.5 t o  Station 241+76, Lower-Cost Lining program--W. C.. 
Austin Progect . " 





CENTRAL VALLEX PROJECT--FRUNT-KERN CANAL--CALIFORNIA 

Ponding t e s t s  were performed during 1949 on the Stokes Mountain 
Section (s tat ion 2963+73 t o  Station 300bt.98) of the miant-Kern Canal. 
This reach of canal, concrete lined i n  1947, was selected because of the 
serious cracking in-the l in ing  caused b y  t& underlying expansive clays. 
me bottom width of the canal was 36.0 feet ,  the side slopes 1-1/4 t o  1 
with a maxirrmm water depth of 16 fee t .  Figure 4 shows a p lo t  of depth 
of water versus seepage r a t e  fo r  the pond. The maximum seepage ra te  
measured was about 0.64 cubic foot per square .foot of wetted area per 
24 hours. 

Reference: *Report on Expansive Clays of the Friant-Kern Canal," by 
J. J. Waddel, Earthwork Control Engineer, Friant-Kern C-1, Central 
Valley Project, dated September 12, 1949. I 





C0IX)RADO AGRICULTURAL EXPEXMEXT STATION 
COIDWO A AM) M COLLEGE 

The Soil Conservation Sexvice, in cooperation with the Colorado . Agricultural. Experiment Station and the Bureeu of Reclamation, initiated, 
in 1949, a project entitled "The Study of Seepage Losses fram Irrigation 
Channels." This project was carried on in Fort Collins, Colorado, with 
Carl Rohwer of the Soil Consemtion Service as Project Supervieor. 
BxpPlasis was placed on the seepage meter as an instrument for the meas- 
uring of seepage lossee from irrigation canals and laterals. 

The seepage ring procedure was selected for the testing of the 
seepage meter. ~n.18-foot-aiameter outer ring with a 6-foot-diameter 
center ring was constructed. Seepage losees from the two areas were 
obtained for depths of water of 24, 18, 32, and 4 inches. Under certain 
condi%ions the seepage rate from the inner ring was greater than-the 
rate! fram the outer ring. 

A 12-inch-diameter seepage meter was placed inside the center 
ring and the rates obtained with the meter were compared w i t h  the rate8 
obtained in the ring. Twenty different tests were made in the period 
from November 12 to December 10, 1949. The seepage meter indicated seep- 
age rates from 20 to 116 percent of the seepage ring rates with an 
average of 64 percent.   he correlation of seegage rate w i t h  temperature, 
barometric preasure, and ground-water table is discussed in the report 
on this project. 

This project contimes into calendar year 1950. 

References: "Z)rogress Report on the Study of Seepage Losses from 
Irrigetion Channols , '' by Carl Rohwer, Soil Conservation Service, Fort 
Collins, Coloradc, dated April 26, 1950, and "Report on Soils, 
Horticultural Flot Seepage Experiment," by Ralph I,. Rollins, Colorado 
A&M College, Tort Collins, Colorado, dated July 7, 1950. 



ENGINEERING EXP- STATION 
UNIVERSITY OF IDAHO 

Seepage studies, "Special Research Project Bo. 20," Engineering 
Experiment Stration, University of ~ d a h o ,  were continued during 1949, the 
Bureau of Reclamtion, Region 1, and the Soi l  Conservation Senrice 
cooperatinu. I n  addition t o  the continuation of the  inflow-outflow tests 
and eeepage meter etudies i n  the Main Canal, ponding and eeepage meter 
tests were performed i n  a farm l a t e r a l  taking water out of I s t e r a l  20.8 
of the RathBrum Prair ie  Project. 

The following tabla preeents the seepage meter remlts f o r  the 
current year (1949) and compares them with the r e su l t s  obtained i n  1948 
i n  the  same reaches of the Main Canal of the.Rsthdnum Pra i r ie  Project.  

Seepage loss--cfs/mi~e 
Reach - Lining Approx discharge 1946 - 949 

1 Compacted clay 50 second f e e t  0.02 0.01 
6-in gravel cover 

2 7 ,050f tun l ined  22 second f e e t  1.14 1.56 
2,000 ft  compacted clay 

3 Unlined 1 5  second f e e t  1.15 1.02 
4 Loose clay--4 inchee think 7 second f e e t  0 .08 9.11 

A carmparison of seepage loss  measurements by the inflow-outflow 
method and by the seepage meter is as follows f o r  Reaches 2 and 3, Main 
Canal: 

Seepage loas  i n  c f s  
Reach Inflow-outflow Seegage - meter 

A sunmtary of the ponding and seepage meter -t;ests i n  a fanu 
lateral taking water out of Lateral 20.8, b t h d r u m  Pra i r ie  Project, 
follows, This ponded reach was 55 feet long. 

Seepage rate i n  cfs/mile 
Condition of the late- Pondline Seepage mter 

Natural c k n e l  condition 1.5 0.7 
Reshaped channel, bottom 1 .O 0.7 

width 2.0 fee t .  2 t o  1 
aide slopes 

2 - inLaye ro f  b u x i t e c l a y  0.2 0.1 
over reshaped channel 



meter test tank t o  be used i n  research work on the seepage meter. 

Reference: Report, "Methods of Evaluating Seepage Losses from Irrigation 
Canals," by C e  C .  Warnick, Engineering Experiment Station, University of 
Idaho, April 1950. 



UTAH AGFUCULlPURAL STATION 

The cooperative seepage studies made by the U t a h  AgricultuFal. 
Experiment Station, the So i l  Conservation Service, and the  Bureau of 
Reclamation, s tar ted i n  1948, were continued i n  1949. The progress 
~epsrt  ci ted below indicates t h a t  the emphasis of these studies hais 
been placed on the effectiveness of various canal l inings.  The follow- 
iw l in ing  materials have been under investigation: so i l ,  so i lbzn ton i t e  
mixtures, s o i l  t reated with o i l  and other agents, rubberized and wax- 
coated fabrics,  asphalt, and concrete. The materials are first given a 
laboratory t e s t .  The more promising m t e r i a l s  a re  then given model tests 
i n  the  River Laboratory, followed by f i e l d  i n 8 ; a U t i o n  and testing. The 
t e s t s  are being con.t;inued and conclusions w i l l  be drawn a t  the completion 
of the studies. 

Reference: *Conveyance Loss and Canal Lining Investigations," by C. W. 
Irruritzen and 0. W. Israelson, A Progress Report f o r  In-aervice Use, 
Utah Agricultural Ekperiment Station, June 1949. 



'  NO^ PLATTE PROJECT- -WYOMING-NEBRASKA 

A t  the close of the  1949 i r r iga t ion  season on the Noflh P l a t t e  
Project, ponding t e s t s  were performed on the  Fort, Laramie Canal (six 
ponds total ing 11,176 f e e t  i n  Length), on Lateral  29.4 (three ponds 
to ta l ing  1,834 f e e t ) ,  on u t e r a l  90.4 (six ponds to ta l ing  6,567 f e e t ) ,  
and on Lateral 2 4 ~  ( six ponds total ing 5,038 f e e t  ) . A l l  reaches of 
canal tested were unlined, although some 9,000 f e e t  of the  Fort Uramie 
Canal (ponds 1, 2, 3, and 4) were portland cement pressure grouted 
(Specifications No. 2600) immediately pr ior  t o  the ponaing tes t s .  

Nonnal operating depth for  the Fort  Iaran~.'e Canal along the  
reach ponded i s  about 9 f e e t  f o r  a discharge of about 1,200 second f ee t .  
Normal cperating depths i n  the  l a t e ra l s  ponded vary between 1.5 and 
2.0 f ee t .  

Plot of seepage r a t e s  (cubic f e e t  per square foot  of wetted 
area per 24 hours) versus depth of water i n  the pond i n  f e e t  together 
with the stationing6 of the various ponds a re  shown i n  Figure 5 f o r  the  
Fort  Laramie Canal and i n  Figures 6, 7, and 8 f o r  the la te ra l s .  

Two se%s of seepage meter meersurements were made on the North 
P l s t t e  Project during 1949. The f i r s t  set was taken i n  flowing water 
during the regular i r r iga t ion  season while the  second s e t  was taken 
concurrentby with the  panding t e s t s  i n  the  still  water of the ponds. 

Figures 9, 10, and 11 show plo ts  of each individual seepage 
meter .":as*~rr?memt i n  the Fort  Iaramie Canal while Figures 22, 13, 14, 
and 15 show similar data  f o r  seepage meter se t t ings  i n  the  l a t e ra l s .  

Table 1 summarizes the oeepage meter r e su l t s  i n  flowing water 
and compares them with the ponding resul ts .  m b l e  2 presents similar 
da ta  f o r  the seepage meter t e s t s  i n  the ponds. 

Inflow-outflow measurements were made by project  personnel 
f o r  the reach of Fort  Isramie Canal between miles 35.0 and 39.7. The 
seepage losses obtained from these data, together with other re la ted 
data, are shown i n  figure 16. 

Reference: Hydraulic Laboratory Report Po. Hyd-297, dated January 15, 
1951, subject "Seepage Measurements--Lover-cost Canal Lining Program-- 
North Plat+& Project, Wyoming-Nebraska." 



NORTH PLATTE PROJECT--WYOMING 
SEEPAGE MEASU-S 

Seepage Meter in Still Water 

Pond:No. of meter: Seepage rate by meter :.Rate by: Variation 
No.: settings :Maximum:Minirmun:Avcmge:ponding: R8te:Percent 

Fort Zsramie Canal 

Lateral 29.4 

1 : 11 : 0.57 : 0.01 : 0.25 : 0.36 :-0.U: -31 
2 : 4 : 0.46 : 0.22 : 0.31 : 0.28 :+0.03: +11 
3 : 14 : 0.69 : 0.08 : 0.28 : 0.21 :+0.07: +33 

Lateral 90.4 

1 : 3 : 1.45: 0.21: 0.69: 0.48:+0.21: +44 
2 : 6 : 0.44 : 0.04 : 0.15 : 0.42 :-0.27: -64 
3 :  4 : 0.62 : 0.06 : 0.25 : 0.20 :+0.05: +25 
4 : 2 : 0.04 : 0.02 : 0.03 : 0.28 :-0.25: -89 
5 : 2 : 0.08 : 0.07 : 0.08 : 0.13 :-0.05: -38 

Lateral 2 4 ~  



NORTH PLATTE PROJFXT--WYOMING 
SEEPACE -S 

Seepage Meter in Flowing Water 

No. of :Seepage meter:Seepage rate :Differences based 
in from : on ponding rate 

flaving waterIponding tests: Rate : Percent 

Fort Laramie Canal 

1 :  3 5 :  0.87 : 0.35 
2 :  0 : - - 0.30 
3 :  1 0 :  0.33 : 0.40 
4 :  11 : 0.23 : 0.25 
5 :  7 : 0.16 : 0.13 
6 :  9 : 0.12 : 0.18 

Lateral 29.4 

Lateral 90.4 

Lateral 2 4 ~  



NORTH PLATTE PROJECT-WYO#lNG -NEBRASKA 

1949 SEEPAGE STUDIES 
PONDlNO TESTS-FORT LARAMIE C A N A L  









0 15. .,L 0 15.f wM 

STAT1 ON S 

E X P L A N A T I O N  -% . Seepoge meter  in flowing woter: 
0 Seepoge meter in pond. 
- Seepage r a t e  by ponding tes t  fo r  t h e  some t ime NORTH P L ~ T T E  PROJECT- WYOQIIWO -HEBRASKA 

in terva l  us the seepage m e t e r  t e s f  1949 SEEPAGE STUD!€$ 
O--O Canal bo f tom. SEE PAGE METER TESTS -FORT LARAMIE CANAL 
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FKO GRANDE PhOJECT--NEW MEXICO-TEIEAS 

Seepage losses were determined in the West Side Canal by two 
methods; namely, (1) inflow-outflow (ueing weirs), and (2) eeepage meter. 
The results of these tests are summarized in the f~llowing~table where 
areepage rates are expressed in terms of ft3/ft2 of wetted area per 24 
hours : 

 each Length Seepage rates 
Stationf r q  No. Lining in feet Inflow-outflow Seepage meter - 

5 b 8 4  
1 '6 concrete 

273+32 
2 70$ concrete 

314+76 
3 70$ concrete 

342+87 
Unlined 

436+ 88 
5 Unlined 

6*79 

These reaches of canal have a maximum capacity of about 750 second feet. 

Reference: "Report on the West Side Canal Seepage Invectigation, 
October-November 1949, " Rio Orande ProJect, New Mexico-Texas . 



SHOSHONE PROJEZT--WYOM1.S 

Seepage meaeurenents were nude by the ponding method i n  
EdJacent l ined and unlined reaches of I a t e r a l  R-44, Shoshone Project. 
Buried asphaltic membrane l in ing  was instal led i n  the reach of canal 
between Stations 60+70 and 71cll prior Lo the t e s t s .  

The resu l t s  of the  ponding t e s t s  are as  followe: 

Stationing - Canal Depth Seep8ge r a t e  

50+63 to 6 ~ 5 8  Unlined 1.8 f e e t  1.20 i t 3 / f t2  of wetted 
6Qt70 t o  7L+U Lined 1.8 f e e t  0.10 ares per 24 hours 

I n  conjunction with the ponding t e s t s ,  eiiioriments were 
performed i n  "preinvestigation studies" using a constant head w e l l  
permeameter. 

Reference: Letter dated January 15, 1951, t o  D i s t r i c t  Manager, Cody, 
Wyoming, from Head, Research and Geology Division, subject "Interpreta- 
t i on  of seepage loss  t e s t s  made i n  Lateral R-44 ,  Shoshone Project, 
Wyoming. " 



TLJCUMCARI PROJECT--NEW MEXICO 

Ponding t e s t s  were made on th ree  reaches of t he  Conchas Canal 
&t the close of the  1949 i r r i g a t i o n  season. A l l  t h ree  reaches of the 
canal  had t h e  following propert ies:  

Design discharge 700 second f e e t  
Bottom width 24 f e e t  
Side slopes 1 4 2  t o  1 
Bottofi slepc 0.0001 
Design depth 8.65 f e e t  

The following da ta  define t he  reaches (ponds) tes tea :  

Pond: Sta t ioning Type of l i n i n g  
No.: From : To. : 
1 : 20434-60 : 2072+60 :Clay lined--Specifications No. 

: 1076--as pa r t  of t he  o r ig ina l  
: construction p r o p u n  

2 : 251&40 : 2562+00 :Unlined 
3 : 2562+40 : 23?7+00 :Clay lined on Lhe l e f t  ~ i d e  an5 

: bottom only by pro jec t  forces  - 
A s i l t  blanket from 3 t o  6 inches thick,  deposited during normal 
operation (xnax Q 400 second f e e t )  of the  canal  over t he  pas t  four  
i r r i g a t i o n  seasons, covered t he  ponded reaches of the  canal. 

Seepage rates i n  cubic f e e t  per square foo t  of wetted ares 
per 24 hours are  p lo t t ed  against the depth of water i n  f e e t  i n  ~ i & a r e  17 
f o r  a l l  th ree  ponds. 

Seesage meter readings were taken i n  two of the  ponded reaches 
of the Conchas Canal. I t  should'be noted t h a t  these seepage meter tests 
were made at  comparatively shallow depths i n  the ponds. The following 
t ab l e  summarizes the  seepage meter r e su l t s  and compares them with t h e  
ponding resu l t s :  

.- 
Pond: Depth : Rate by seepage meter :Rate by: Difference 

No. : ( i n  f e e t )  : n = : e n t e r l i n e : ~  slope: Avg:ponding: Rate :Percent 
2 : 2.3 : 0.09 : 0.11 : 0.10 :0.10: 0.07 :+0.03 : +43 

Figure 18 shows plota  of individual  seepage meter readings,  



Reference: Hydraulic Laboratory Report No. Byd-303 dated February 16, 
1951, subject "Seepage measuremcnte--Inwer-cost Canal Lining Propam-- 
'Pucumcari Project, New Mexico." 



CONCHAS CANAL 
POND STATION 

NO. FROM TO OF LINING 

I Po43 +60 P0m + 60 Clay lined 
2 2510 + 40  2562 + 00 Unlined 
3 P562 + 1 0  PSb7 + 00 Cloy lined Or7 

TUCUMCARI PROJECT-NEW MEXICO 

1949 SEEPAGE STUDIES 

SEEPAGE RATE IN CU. FT. PER SO. FT. OF WETTED AREA PER 24 HRS. 





W. C .  AUSTIN PROJECT--0tCLAHOMA 

Ponding t e s t s  were made in  the  same three reaches of 
soil-cement-lined West 11.5 l a t e r a l ,  W, C .  Austin Project ,  t es ted  i n  
1948. The following table  summarizes the resu l t s  and compares them 

9 

with the 1948 tes t s :  

Increase 
Cement content - Rate Percent -- - 

The seepage r a t e s  a re  expressed i n  cubic f e e t  per square foot  of wetted 
area per 24 hours. Visual inspection ~vhowed t h a t  the  l i n i r g  w i t h  the 
lowest cement content showed the most deter iorat ion a f t e r  1 year of 
service. The 1948 ponding t e s t  on the nearby unlined section was not 
repeated i n  1949. 

Reference: k t t e r  t o  Chief Engineer from Regional Director, Amarillo, 
Texas, dated November 17, 1949, subject "Quarterly Report --Lower Cost 
Canal Lining, Region 5, F.Y. 1950." 





PONDING AND SEEPAGE METER TESTS--1950 
BUFFAIX) RAPIDS PROJECT--MONTANA 

Seepage meter t e s t s  were made i n  the  unlined Glendive Cernal 
during the 1950 i r r iga t ion  season, followed by ponding t e s t s  a t  the 
close of the i r r iga t ion  season. The following table  gives the location 

I - 
wetted area per 24 hours: 

Reference: "Canal Seepcrge Studies on the Buffalo Rapids I r r i ga t ion  
ProQect i n  Montana," Yellowstone D i s t r i c t ,  HYdrclonv Section of the  
Engineering Division, Bill ings,  Montana, December 1950. 



- -- .---.- -- - 

DENVER OFFICE--MPmAL CANAL FARM 

Ponding and seepage meter t e s t s  were conducted on C@S NO. 4 
and 5 of the E3cperilnantDl Canal Farm a t  the Denver Federal Center. 
Both canals were s l ight ly  over 100 f ee t  long, ha8 2.0-foot bottom 
widths, with side slopes of 1-3/4 t o  1. Successive f i l l i x g s  of tbs 
ponds were made u n t i l  the seepage rates  became constant. Final s e p -  
age rates  i n  cubic f e e t  per Bquare foot ofs wetted area per 24 hours wen 
as follows: 

Depth - Seepage rate  

C a n a l  NO. 4 1.84 fee t  0.48 
Canal No. 5 2.17 fee t  0 55 

Four groupe of s i x  seepage meter set t ings were d e  i n  Canal 
No. 4 while two groups of s ix  meter setting8 were made In  Canal No. 5. 
The following table ~ummarize8 these data and compares the meter resul t s  
with the resul ts  from the ponding tes ts :  

Difference 

Canal No. 4 

-- 

Seepage meter Pondiq - Rate -- Percent 

Canal No. 5 0.19 
0.05 

Reference: Memorandum t o  the Filee dated December 4, 1950, from I). C. 
Walter, sub jact "Seepage studies on canals #4 and #5, Experimental 
Canal Farm, D.F.C." 



GILA PROJECT- -ARXZONA 

Ponding t e s t s  were made i u  three l a t e ra l s  on the Yuma Meaa 
Division of the Gila Project. A l l  three of the reaches tested were 
lined. Seepage loss data prior t o  l in ing  are not available. The 
following trible summarizes the descriptions of the pond6 and the 
results of the tests :  

Lateral Length Loseea* 
No. of pond -,- Type of l in ine  ' Evaporation Seepege 

B-3 ,, 7-1.8 615 Troweled gunite 0 .03 0.03 
A - ~ . ~ - E J  1,226 Untmweled gunite 0.03 0.04 
A-5.0-N 628 Troweled soil-cement 0.03 0.04 

-a- 

q t 3 / f t 2  of wetted area per 24 hours. 

Refersnce: Letter dated October 31, 1950, t o  Chief Engineer, Denver, 
Colon~do, from Regional Director, Boulder City, Nevada, subject 
"Quarterly review of progress on Lower-cost Canal Lining Program, 
Region 3." 



GILA PROJECT--ARIZONA 

Ponding t e s t s  were made i n  three l a t e ra l s  on the Yuma Meaa e 
Division of the Gila Project. ? A l l  three of the reaches tested were 
lined. Seepage loss data prior t o  l ining are not available. The 
following table summarizes the descriptions of the ponds and the 
resul ts  of the tests :  

Lateral Length Losses* 
No. of pond Tylpe of l inixq 'Evaporation Seepage 

B-3.7-1.8 615 Troweled gunite 0.03 0.03 
A-8.9-N 1,226 Untmweled gunite 0 .03 0.04 
A,-5.0-N 628 Troweled soii-cement 0.03 0.04 

)tFt3/ft2 of wetted area per 24 hours. 

fiefazence: Letter dated October 31, 1.950, t o  Chief Engineer, Denver, 
Colorado, from Regional Director, Boulder City, Nevada, subject 
"Quarterly review of progress on Lower-cost Canal Lin i r i  Program, 
Region 3." 



KTmm PROJECT, OREGON 

@ Pending tests w e r e  .made i n  l a t e r a l  N-16 locaxed ir. the  
PanhRndle section of the Coppock Bay area of the Tule Lake Division 
about 40 miles eoutheast of Klamath Fal ls .  The purpose of' the  tests 
w a s  t o  determine the effectiveness of a reech of buried prefabricated 
asphalt  membrane l ining. Adjacent reaches of canal, one l ined and the 
other unlined, were tested.  The ponding tests indicated a lo s s  of 
2.35 cubic f e e t  per square foot of wetted area per 24 hours i n  the 
unlined reach, while the  corresponding ra te  i n  the adjacent l ined 
reach was 0.51. The depth of water i n  the canal was 5.5 fleet. 

The above t e s t s  indicate t h a t  f o r  the conditions found on 
t h i s  l a t e r a l  the  buried prefabricated asphalt membrane 1in:Lng reduced 
the  seepage by nearly 80 percent. The report from the proJect indicates 
t h a t  the  aeepage could be fur ther  reduced by revising the technique of 
sealing the Joints  i n  the l ining,  

Reference: "Report on the seepage t e s t  of the experimental buried 
prefabricated asphalt membrane l in ing  test section i n  the N-16 Lateral  
of the 'Klamath Project," by Brooks 0. Custer, KPamath ProJect, dated 
January 1951. 



NO= PLaTPE PROJECT- -WYOMING-NEBRASKA 

The seepage measurement program was continued on the North 
Pla t te  Project during calendar year 1950 by the Soil  and Moisture 
Conservation Group. The work was limited t o  seepage meter measurements, 
ground-water observations, and the measurement of seepage streams from 
the Fort Laramie Canal from mile 13.0 t o  the Lingle Power Plant. 

A t o t a l  of 44,000 fee t  of canal and l a t e r a l  was covered by 
440 seepage meter tes t s .  A l l  seepaep meter sett ings were 100 fee t  
apart. A summary of the seepage; meter t e s t s  follows: 

Average loss--ft3/f t2 
Canal - Length in  f e e t  of wetted area/24 hr 

Lateral 58.7 19 700 0.79 
West Bald Peak 11,300 1.85 
~ a t e r a l  36.4 1,603 2.86 
East Bald Peak 5,900 2.90 
Northport Canal 3,700 5.20 
~ a t e r a l  54.6 1,900 8.05 

According t o  the report by the project office, ground-water 
observations along the Fort Laramie Canal near the Barthel Farm indi- 
cated a greatly lowerec? ground-water table opposite the buried 
asphaltic membrane l ining instal led i n  1949 and e i ther  no change or  
a s l ight  increase i n  the ground-water table elevation along the reach 
of Fort Laramie Canal treated by portland cement grouting i n  1949. 

A t o t a l  of 2.6 second fee? of discharge was measured i n  13 
seepage streams adjacent t o  the Fort Iaramie Canal between mile 13.0 
and the Lingle Power Plant. A portable V-notch weir w a s  used in  
obtaining these measurements. 

Reference: Report "Soil and Moisture Consemation See~age Program for  
the North Pla t te  Project, Wyoming-Nebraska," by R .  D. Mason dated 
March 1951 a t  Torrington, Wyoming. 



Seepage losses  were meaeured i n  an 894-foot pond i n  Lateral 
100, North Diversion System, Orland Project. This eeepage t e e t  was 
nWe pr ior  t o  cleaning the canal and before the  experimental lining6 
were instal led.  The reach of canal teqted had the following properties: 

Ungth 894 f e e t  
Bottom width 15.4 f e e t  
TOP width 23.8 f e e t  
Discharge 125 second f e e t  
Water depth 3.2 f e e t  

The performance of t h i s  t e s t  was considerably handicapped by r a in  that 
f e l l  on 7 of the li t es t ing  days. Theee t e s t s ,  corrected f o r  rainfall, 
indicate an average seepage rate of 0.14 cubic foot  per square Root of 
wetted area per 24 hours f o r  t h i s  reach of canal. 

--+---- n~*-,cnce: A table prepaxed by the Chico Di s t r i c t  Office, heading 
"Seepage test data, Lateral No. 100, north Dlvereion Syetem--0rland 
PmJect  . " 



During the Summer of 1950, the newly constructed reach OR 
Wyoming Canal between the Muddy Ridge Tunnel and the Muddy Creek Siphon 
w a s  die7ided in to  s ix  ponds and seepage losses were obtained. The 
stationing, together with the lengths of the ponds, was as follows: 

Pond : Stationing : Length 
No. : From : To : .in f e e t  
1 : 165971  : 1754+34 : 9,463 
2 : 175b66 : 1e01+00 : 4,634 
3 : 1801+34 : 189&59 : 9,525 
4 : 1896+91 : 1964+50 : 6,759 
5 : 1974+82 : 1985+50 : 1,068 
6 : 1986+43 : 2000-4-50 : 1,407 

The canal i n  the above reaches had the following properties: 

Design discharge 566 second f e e t  
Bottom width 24 f ee t  
Side slopes 2 t o  1 
Bottom slope 0.0032 
Design depth 6.2 f ee t  

A l l  ponds were f i l l e d  three times i n  order t o  thoroughly 
prime t h i s  reach of canal. I n  all ponds the seepage r a t e  decreased 
with each successive f i l l i n g  of the ponds. The seepage ra tes  obtained 
during the th i rd  and f i n a l  f i l l i n g  were accepted a s  most nearly indi- 
ca t ing  the seepage ra te  t o  be expected during the normal operation of 
the  canal. 

The seepage r a t e  i n  cubic f e e t  per square foot  of wetted 
area per 24  hour^ is plot ted against depth of water i n  f e e t  f o r  the 
three  f i l l i n g s  i n  each of the  s i x  ponds as shown i n  Figures 19 t h m g h  
24. 

I n  addition t o  the  above ponding tests, measurements were 
also made in  the following three reaches of the Wyoming Canal located 
between Muddy Creek Siphon and the end of the excavated canal at 
Station 2560e00: 

Pond :-Stationing : Length 
No. : From : To : i n  f e e t  , ...- 
7 : 2242+18 : 2247+50 : :32 



Design discharge 420 second f e e t  
Bottom width 22 f e e t  
Side slopes 1 4 2  t o  1 
Bottom slope 0.0002 
Design depth 5.7 f e e t  

The final seepage ratetl obtained from these ponding t e s t s  a re  as 
f ollowe : 

Pond No. Seepage ra te  

7 o .29 
8 0.35 
9 4 -79 

Ponding t e s t s  were a l s o  performed on the reach of I a t e r a l  
44.69 from Stat ion 23+00 t o  Stat ion 31+50. This reach of l a t e r a l  had 
the following properties: 

Design discharge 24 second f ee t  
Bottom width 4.0 f e e t  
Side slopes 1 4 2  t o  a 
Bottom slope 0.001 
Design depth 1.8 feet 

!lh neepage r a t e  was found t o  be 0.96 cubic foot per square foot  of 
wetted area per 24 hours. 

Seepage meter tests were made i n  conjunction with the ponding 
tests i n  ponds 1 through 6. P lo t s  of individual seepage meter set t ings  
are shown i n  Figures 25 and 26, while Table 3 shows a summary of t he  
seepage meter data and compares the results with t he  ponding resu l t s .  

Ponding t e s t  r e su l t s  obtained from t h i s  study are being used 
i n  t h e  evaluation of the well germeameter as an instrument f o r  predict-  
i n g  see- losses  from propoeed canals. Well permeameter t e s t s  were 
made i n  and adjacent t o  the canal reaches that were later ponded. 
Aeeults of t h i s  study w i l l  be published by personnel of the Earth 
Laboratory. 

Reference: Hydraulic Laboratory Report No. Hyd-306 dated March 12, 1951, 
subject  "Seepage measurements--Lower-cost Canal Lining Program--Riverton 
Project ,  Wyoming. " 



1950 Seepage Measurement Studies 
Comparison of Reshlts by Seepage Meter and by Ponding 

Rate by seepage mete r  15Ifference % difference 
Max.\ Mln. ( As. lfm in rates ref.  ponding 

I .  , , 
Pond No. I - -Fi rs t  Filling ( ~ 2 i  29*June 1) .( 

Right bank 7 3.70 1.40 0.03 0.38 
Left bank 7 3.20 0.92 0.04 0.38 0.40 0.55 -0.15 - 27 
Bottom 14 4.66 1.92 0.04 0.42 

Pond No. 1--Between First and Second Filling (June 2) 

Right bank 1 3.70 0.07 0.07 0.07 
Left bank 2 3.58 0.06 0.00 0.03 0.07 0.55* -0.48 - 87 
Bottom 3 5.98 0.27 8.01 0.10 

Right bank 7 
Left bank 7 
Bottom 14 

Right bank 5 
Left bank 5 
Bottom 10 

Right bank 2 
Left bank 2 
Boltowl 3 

Right bank 7 
Left bank 7 
Bottom 14 

Right bank . 11 
Left bank 11 
Bottom 22 

Right bank 4 
Left bank 4 
Bottom 10 

Right bank 5 
Left bank 5 
Bottom 10 

Pond No. 1--Following Third Filling (June 15- 16) - 
2.05 1.89 0.01 0.56 
2.35 0.40 0.01 0.16 0.42 0.50* -0.08 - 16 
2.67 1.79+ 0.00 0.48 

Pond No. 2--Prior  to F i r s t  Filling (May 24-26) 

3.47 1. 17 0.40 0.68 
3.79 0.50 0.23 0.37 0.48 0.57* -0.09 - 16 
6.91 0.44 0. 31 0.38 

Pond No. 2--First Filling (May 29) 

3.85 0.50 0. 37 0.44 
3.10 0.24 0. 18 0.21 0.35 0. 57 -0.22 - 39 
7. 15 0.44 0.34 0.40 

Pond No. 2- -Following Third Filling (June 15- 19) 

2.74 2.75 0.04 1.05 
2.82 1.32 0. 01 0.44 0.88 0.40* t0.48 +I20 
4. 16 2. 19 0. 18 1.01 

Pond No. 3--Second Filling (June 5-81 

3.62 1.98 0. 03 0.48 
3.73 0.52 0.02 0.29 0.43 0.63 -0.20 - 33 
5.54 1.66 0. 00 0.48 

Pond No. 3--Third Filling {June 10- 14) 

3.31 0.51 0.02 0.28- 
2.99 0.52 0.07 0.26 0 - 2 8  0.60 -0,32 - 53 
4.03 0.46 0.01 0.28 

Pond No. 4--Second Filling (June 5-81 

3.69 0.65 0.06 0.30 
3.29 0.58 0.00 0.24 0.34 0.39 -0.05 - 13 
4.93 0.59 0.01 0.40 

Pond No. 4--Between Second and Third Fillings (June 9) 

Right bank 2 3.40 0.32 0.08 0.20 
Left bank 1 2.85 0.18 0. 18 0.18 0.27 0.37* -0.10 - 27 
Bottom 4 6.71 0.48 0.08 0.33 

Pond No. 4--Third Filling (June 10-14) 

Right bank 4 3.28 1.22 0. 06 0.42 
Left bank 4 3.58 1.74 0.02 0.53 0.37 0.35 +O. 02 + 6 
B ~ t t o m  8 5.26 0.51 ~ 0.06 0.26 

Pond No. 5--Between Second and Third Fillings (June 9) 

Right bank 1 3.05 0.41 0.41 0.41 
.Left bank 1 3.50 0.72 0.72 0.72 0.42 0.494 -0.07 - 14 
Bottom 4 4.81 0.77 . 0. 17 0.35 

Pond No. 5- -Third Filling (June 10- 14) 

Right bank 2 4.00 1.41 0.03 0,72 
Left bank 2 3.58 0.42 0.15 0.28 0.64 0.47 +O. 14 + 30 
Bottom 4 5.79 1.64 0.43 0.78 

, Pond No. 6--Prior to  F i r s t  Filling (May 22-24) 

Right bank 4 2.28 1,40 Q. 29 0.92 
Left bank 4 2.60 1.25 0.02 0.65 0.62 0.50* +0. 12 + 24 
Bottom . 10 3.$8 0.63 0.08 0.28 

Pond 4). 6--~etween.&ecdnd and Third Fillings (June 9) -- 
Right bank 1 3.95 0.11 0.11 0.11 
Left bank 1 3.45 0.00 0.00 0.00 0.20 0.40* -0.20 - 50 
Bottom 2 4.53 0.46 0.22 0.34 

Pond No. 6--Third Filling (June 10- 14) 

Right bank 4 3.35 0.62 0.00 0.36 
Left bank 3 4.06 1.05 0.52 0 .720 .38  6.45 -0.07 - 16 
Bottom 8 5 -01  0.62 0.04 0.30: 

- 
*Estimated values. . 

* 
4. . 



SEEPAGE RATE - C.F./ S.F. OF WETTED A R E A /  2 4  HOURS 

RIVERTON PROJECT- WYOMING 
1950 S E E P A G E  S T U D I E S  

WYOMING CANAL - POND I 



SEEPAGE RATE - C. F: / S. F. OF WETT ED AREA / 24  HOURS 

R DVERTON PROJECT - WYOMING 
1950 S E E P A G E  S T U Q I E S  

WYOMING C A N A L  - PONO 2 



SEEPAGE RATE- C.E/S.F. OF WETTED AREA / 2 4  HOURS 

R IVERTON PROJECT - WYOMING 
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W r n w N G  CANAL - PONO 3 





SEEPAGE RATE - C. F./ S. F. OF WETTED AREA / 24 HOURS 

RIVERTON PROJECT- ,WYOMONG 
1950 S E E P A G E  S T U D I E S  

WYOMING CANAL - POND 5 









SEEPAGE METER AND INFWW-0UTFIX)W TESTS--1950 
SALT RIVER PROJECT, ARIZONA 

Seepage measurements, u t i l i z i n g  two seepage meters on loan 
from the Bureau of Reclamstion p lus  two constructed on t h e  job, were 
nade by personnel of the Salt River Valley Water Userst Association on 
canals end l a t e r a l s  of the Salt River Project .  Thirty-nine of the 
approximately 1,300 miles of canals and l a t e r a l s  on the project  were 
t e s ted  with the seepage meter. m e  reaches tes ted were selected 
because they were thought t o  have large seepage losses. A l l  t e s t s  were 
made i n  flowing water a t  in te rva ls  of one-quarter mile, and a l l  test t ;  
were of 30-minute duration. The r e su l t s  of t h i s  study were u t i l i z e d  i n  
tAe select ion of reaches f o r  l in ing.  

Data were obtained fo r  a comparison between seepage meter 
r e su l t s  and seepage losses obtained by the inflow-outflow method. 
Sparling meters were used t o  measure the flow a t  each end of the 1-a i le  
reach of canal a t  the  Hannah ranch t h a t  was selected f o r  these t e s t s .  
Five seepage meter set t ings  were made i n  t h i s  t e s t  reach. The inflow- 
outflow method indicated a lo s s  of 1.69 acre f e e t  per day against  1.18 
ac re  feet per day by the seepage meter. These t e s t s  indicate  t h a t  t he  
l o s s  by seepage meter i s  70 percent of the  l o s s  as measured by the  
inflow-outflow method. 

The report  cn these t e s t s  concluded that f o r  this prodect a 
seepage l o s s  greater than 0.176 acre  foot  per day per 1,000 f e e t  would 
jus t i fy  a gunite l in ing.  This conclusion is based on the  f a c t  t h a t  the  
repayment coxiCract would be interest - f ree  and on the assumption that 
t h e  gunite l i n ing  w i l J .  be maintenance-free f o r  20 years. For the reach 
of canal ( ~ i g h  Line Canal) under consideration, 0.176 acre  foo t  per day 
per 1,000 feet amounts t o  about 0.5 cubic foo t  per square foot of wetted 
a rea  per 24 hours, assuming an average wetted perimeter o f  16 fee t .  

Reference: Report signed by Don Womack dated September 12,  1950, and 
transmitted from H. Shipley, Engineer, t o  R. 3. Mchfullia, Manager of the 
Salt River Valley Water Userst Associat im,  date: December 8, 1950. 
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Ponding t e s t s  were mde on Altus 6.8 l a t e r a l  both prior  t o  
and a f t e r  l in ing  with prefabricated fiberglass-asphalt membrane lining. 
The before-lining t e s t s  were conducted af'ter the canal had been over- 
excavated t o  receive the lining. After the canal was lined the base 
width was 3.0 fee t ,  the side slopes were 2 t o  1, the bottom slope was 
0.0025, and the canal capacity was 10 second feet.  The ponding resul t s  
a re  summarized in  the following table where seepage rates  are  expressed 
in  terms of f t3 / f t2  of wetted area per 24 hours: 

Before l i n i q  Depth Rate After l in ing  - Depth Rate 

Sta 2+50 t o  04-33 0.53 0.71 ~ t e  ~ 8 4  t o  9 0 8  0.47 0.10 
sta &33 t o  12+16 1.42 1.54 Sta  908 t o  12+16 0.66 0.08 

Seepage meter t e s t s  were made i n  the ponds prior  t o  l ining. 
The following table summarizes these reeul ts  and coxpares them with the 
reeul ts  from the ponding tests :  

Difference 
Before l i n i q  Pondiq Seepwe meter - Rate Percent 

References: Letter t o  Project Engineer, W. C. Austin Project from 
R. C.  Bumnett, Engineer, dated August 16, 1950, subject "Prefab canal 
l ining installation--L.C.C.L. Prograq," and a memorandum t o  Chairnran, 
Lower-cost Canal Lining Committee, from J. A. Callan and C. W. Thomas 
dated January 22, 1951, subject llPrefabricated asphalt membrane canel 
l ining installation--211. C.  Austin Project." 



ENGINEFlRING EXPERIMENT STATION 
UNIVERSITY OF IDAHO 

"Special Research Project  No. 20A" was conducted by the  
Engineering Experiment S ta t ion  of the  University of Idaho with Region 
1, Bureau of Reclamation, and the S o i l  Conservation Service cooperating. 
Under t h i s  project  ponding and seepage meter t e s t s  were made i n  three 

. reaches of canal  p r i o r  t o  l i n i n g  and ponding t e s t s  were made i n  two of 
t he  reaches a f t e r  l in ing .  The l i n i n g  used was  a buried prefabricated 
aspha l t i c  membrane sold  under the  t rade  name of "Fiberglas Canal Liner" 
and manufactured by the  Owens-Corning Fiberglas Corporation and con- 
s i s t e d  of a Fiberglas mat impregnated with aspha l t  cement having a 
softening po in t  of approximately 220' F.  The l i n i n g  was laid i n  s t r i p s  
transverse t o  the  canal  center l ine  with 3-inch l ap s  sealed withanRC-1 
cut-back asphal t .  

Wo reaches of canal  i n  the Black Canyon Unit of t h e  Boise 
Pro jec t  and one reach of canal  i n  the  Post F a l l s  I r r i ga t i on  D i s t r i c t  
were a l s o  selected f o r  t e s t ing .  I n  t he  Black Canyon Unit, a 300-foot 
reach i n  Latera l  9.9 of t he  "C" Line East  Canal and a 150-foot reach 
i n  Latera l  0.1-1.0 of the  Willow Creek Pump Latera l  were tes ted ,  as 
wel l  a s  a 200-foot reach of tile K u h  Farm I a t e r a l ,  Post  F a l l s  I r r i g a t i o n  
D i s t r i c t .  

The r e su l t s  of the see2age measurement t e s t s  a r e  a s  follows: 

Unlined Lined 
La te ra l  Ponding Meter Ponding 

Lat 9.9 0.54 0.36 0.056 
Lat 0.1-1.0 0.72 0.28 0.040 
Kulm Latera l  0.74 - - -- 

Seepage rates are expressed i n  cubic f e e t  per square foo t  of wetted 
a r ea  per 24 hours. The rates by seepage meter have been "corrected" 
f o r  depth. The r a t e  obtained d i r e c t l y  with the  meter w a s  divided by 
t he  depth of water at  the  meter and mult ipl ied by the  average depth 
of' water i n  t h e  canal  cross section.  This correction assumes that the  
seepage rate var ies  d i r e c t l y  with depth of water. 

Reference: "A Study of Canal Linings f o r  Controlling Seepage Losses," w 
by C .  C .  Warnick, Engineering Experiment Sta t ion,  Universi ty of Idaho, 
dated February 1951. 



COURADO &FUCULTURAL EXPEFUMENT STATION 
COURADO A AND M C O m E  

This project ,  "The Study of Seepage Losses from I r r iga t ion  
Canals," a jo in t  venture by the S o i l  Conservation Service, the Colorado 
Agricultural Experiment Station,  and the Bureau of Reclamation, was 

I 

continued through the  year 1950. 

The reference report  describing theae seepage studies a t  Fort 
Collins disclosed several  in terest ing features.  For instance, t e s t s  on 
a clay loam and a sandy loam s o i l  revealed t h a t  the seepage ra tes  "did 
not d i f f e r  m t e r i a l l y  a t  the  time the tests were discontinued i n  
November. A t  both s i t e s  the  r a t e s  at the  beginning of the t e s t s  were 
much higher than they were at the end. Time i t r  probably the most 
important fac tor  i n  determining the seepage rates." Although previ- 
ously determined from other studies, the  Fort  Collins t e s t s  showed 
conclusively that the seepage r a t e  i s  not proportional t o  the depth of 
water i n  the canal. "The rate is proportional t o  the depth of water 
plus the length of s o i l  column required t o  use up the head available." 

Another conclusion s ta ted  i n  the  report is that "experiments 
w i t h  the  seepage meter, which measures the  actual  seepage ra te ,  indi-  
cate  t h a t  consistent r e su l t s  can be obtained with t h i s  device." 
Again, the time factor  seems t o  be very important. For the t e s t s  
under discussion, the meter was l e f t  undisturbed f o r  a period of seve- 
ral days. It must be realized, however, tha t ,  f o r  the  Fort Collins 
t e s t s ,  the meter wan u t i l i zed  i n  stagnant water, whereas, i f  t he  meter 
is l e f t  undisturbed i n  flowing water, erosive action may undermine the 
seepage cup. 

Some s t a r t l i n g  information was a l so  obtained from observations 
on ground-water wells adjacent t o  the seepage test areas, indicating 
the need f o r  addit ional studies.  

This prodect w i l l  be continued i n  1951. 

Reference: "Study of Seepage Losses from I r r iga t ion  Channels, 1950," 
by Carl  Rohwer, S o i l  Conservation Service, Fort Collins, Colorado. 



CENTRAL VALLEY PROJECT--CALIFORNIA--FFUANT-KERN CANAL 

Two reaches of the Friant-Kern Canal were i s o l a t e d  and seepage 
measurements were made. The reach from S ta t ion  3644+07 t o  S t a t i o n  
3673+56 was concrete l ined,  while the  reach from S ta t ion  2791+20 t o  
S ta t ion  2820+24 had a heavy compacted e a r t h  l in ing .  Both of these  
l i n i n g s  were i n  exce l l en t  condition. 

The physical  dimensions of the  ponds, together wi th  t h e  
ponding and seepage meter r e s u l t s ,  are shown i n  the  following t ab le :  

Earth-lined reach Concrete-lined reach 

Bottom width 64.0 f e e t  36.0 f e e t  
Side slopes 1 4 2  t o  1 1 4 4  t o  1 
Depth 17.2 f e e t  17.5 f e e t  
Length of ponds 2,904 f e e t  2,949 f e e t  
Ponding r a t e  (avg) 0.067 0.070 
Seepage meter (avg) 0.064 -- 

The seepage rates a r e  expressed i n  terms of cubic f e e t  p e r  square foo t  
of wetted a r e a  per  24 hours. The va r ia t ion  of  seepage r a t e  with depth 
f o r  both ponds i s  shown i n  Figure 27. 

While the  seepage r a t e  from t h e  concrete-lined canal  i s  about 
4 percent g rea te r  than the  r a t e  from t h e  ear th- l ined reach, the  t o t a l  
volume of water l o s t  from t h e  ear th- l ined canal  per  u n i t  length is about 
30 percent g rea te r  than t h a t  from che concrete-lined c s n a l  due t o  t h e  
l a r g e r  cross  sec t ion required t o  ca r ry  t h e  same discharge. 

Seepage d a t a  were a l s o  obtained us ing t h e  open pipe permeameter, 
t h e  wel l  permeameter, and by making labora tory  t e s t s  on undisi;urbed s o i l  
samples. These tests a r e  discussed i n  t h e  reference repor t .  

Reference: "Seepage Studies i n  t h e  Friant-Kern Canal, Central  Valley 
Projec t ,  California,"  by J. J. Waddell, dated June 25, 1951. 
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Seepage loss  measurements using tine inflow-outflow method were 
made on the Meeker Canal between miles 5.8 and 10.5. The capacity of 

Y 
t h i s  reach of canal is about 35 second fee t .  Discharge measurements 
were recorded during the ent i re  1950 irr igat ion season. Two 36-inch metal 
Parshall  flumes were instal led i n  the Meeker Canal f o r  obtaining inflow- 
outflow measurement a t  the extremities of the t e s t  reach. The amount of 
water leaving the t e s t  section through farm turnouts oras measured with 
two 9-inch Parshall flumes. 

A t o t a l  volume of 5,132 acre f ee t  entered the t e s t  reach from 
April  16 through September 30, 1950. About 411 acre fee t ,  o r  8 percent, 
was l o s t  i n  t r ans i t  i n  t h i s  4.7-mile reach of' Meeker Canal. The highest 
lo s s  f o r  any one month was 15.8 percent a t  the beginning of the i r r iga-  
t ion  season i n  April. The lowest loss,  3.2 percent, occurred a t  close 
of the i r r igat ion season during the month of September. 

Plans are underway t o  continue these studies i n  1951. 
Cross-sectional data w t l l  then be obtained and losses can then be 
expressed i n  cubic f ee t  per square foot of wetted area per 24 hours. 

Reference: "Canal Loss Studies, ~ e e k e r  Canal, Frenchman-Cambridge 
Division, " Kansas River Distr ic t ,  October 1950. 


