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Crews are shown here obtaining water surface profile and discharge 
measurements in a straight reach of the 4,500-cfs concrete-lined 
East Low Canal on the Columbia Basin Project in Washington. A 
temporary cableway was set up for current meter discharge measure
ments, and special steel platforms were built to enable the crews 
to reach the water surface. This photograph was taken early in 
the irrigation season when the canal was conveying only 44 percent 
of deSign capacity. P222-1l6-42209, March 30, 1960. 
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ABSTRACT 

Between 1957 and 1962, the Bureau of Reclamation made tests to determine 
flow capacities and resistance coefficients in 9 large concrete-lined 
irrigation canals. Tests were made on some 170 miles of trapezoidal
shaped canals having flows which varied from 555 cfs to 6,820 cfs. 
Design discharges for test canals varied from 700 to 13,200 cfs. 
Other design hydraulic properties included invert slopes which-
ranged from 0.0013 to 0.00005, bottom widths from 8 to 50 feet, 
hydraulic radii from 4 to 14 feet, and velocities from 5 to 12 fps. 
All concrete linings, except one, were placed by rail-mounted 
traveling slip forms and were from 7 to 25 years old at the time of 
tests. Head loss measurements were made across piers and inverted 
siphons. Test data were analyzed in terms of "nil values for Manning's 
formula and on Reynolds' Number - friction factor plots. Resistance 
coefficients varied with the amount of aquatic growths, canal aline
ment, and canal size. Manning's IInll generally varied from 0.013 to 
0.016 for the smaller canals and from 0.015 to 0.019 for the larger 
canals. Aquatic growths were found in varying amounts on lining 
surfaces of all canals and caused seasonal variation in flow resistance. 
Biweekly copper sulfate treatments retarded the most prevalent growth, 
filamentous algae. A hydraulic design procedure for concrete-lined 
canals is outlined. Design procedures of other agencies and recent 
literature on flow in rigid boundary channels are summarized and 
reviewed. An appendix contains detailed descriptions of tests and 
operating experiences in each canal. 

DESCRIPTORS-- canals/ *roughness coefficients/ open channel flow/ 
*analysis/ *flow resistance/ rigid linings/ trapezoidal channels/ 
check structures/ siphons/ bridge piers/ *canal design/ *Manning's 
formula/ *head losses/ *algae/ horizontal curves/ research and 
development/ relative roughness/ subcritical flow/ aquatic life/ 
fluid friction/ field datal hydraulics/ chemicals 
IDENTIFIERS-- *concrete-lined canals/ test reaches/ Main Canal/ East 
Low Canal/ Delta-Mendota Canal/ Friant-Kern Canal/ Roza Main Canal/ 
Madera Canal/ Gateway Canal/ Charles Hansen Canal 
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~o Deflection angle for horizontal curve in canal 
aJ.inement 

Degrees 

6d Change in water depth ft 

6e Change in energy gradient ft 

6h Change in velocity head 
v 

ft 

p Mass density 

v Kinematic viscosity of water 

Curvature Index 

Ml. -type Backwater 
Curve 

M2-type Bacbrater 
Curve 

Parameter originated by Fred C. Scobey to define 
5L:6° 

relative canal. sinuosity. Defined as L 
1 

SubcriticaJ. flow water surface profile in a reach 
of channel characterized by the greatest depth 
at the downstream end. The general shape of 
the profile is shown below: 

Water surface" (~M I Curve 

FLOW 

SUbcriticaJ. flow water surface profile in a reach 
of channel characterized by the greatest depth 
at the ypstream end. The general shape of the 
profile is shown below: 

FLOW - \ 

)0... Water surface" 

xvii 



LIST OF SYMBOLS AND TERMS--Continued 

Manning t s formul.a 

Contraction ratio 

w.s. 

USBR 

Hydraulics Branch 

Ca.na.ls Branch 

Empirical formula for determining the average 
velocity of now in rigid boundary open channels: 

1.486 R2/3 S1/2 
e v=--------n 

This formul.a is now used by the USBR for the 
design of rigid boundary channels 

Ratio of area taken up by piers in a now prism 
to the gross area of the now prism (see page 2~) 

Abbreviation for "'Water surface" 

Abbreviation for Bureau of Reclams.tion, U.S. 
Department of the Interior 

Organizational subdivision of the Division of 
Research, Office of Chief Engineer, USBR, 
Denver, Colorado. This branch does hydraulic 
laboratory work and provided technical guidance 
and instrumentation for capacity test measure
ments 

Organizational subdivision of the Division of 
Design, Office of Chief Engineer, USBR, 
Denver, Colorado. This branch does canal 
design work and analyzed the capacity test 
measurements 

xviii 



SUMMARY 

Between 1957 and 1962 the Bureau of Reclamation conducted 
a comprehensive series of hydraulic tests in nine large trapezoidal
shaped concrete-lined irrigation canals in the Western United states. 
Linings of all test canals, except one, had been placed by traveling 
rail-mounted slip-forms. Purposes of the tests were: 

1. To determine maximum discharge capability of each canal 

2. To document seasonal changes in flow resistance caused by 
aquatic growths 

3. To measure head losses across various types of in-line 
canal structures such as inverted siphons, bridge piers, 
and check structures 

4. To document increased flow resistance caused by horizontal 
curves in canal alinement 

Data obtained from the tests have been utilized to verify 
or to provide a basis for design criteria for large concrete-lined 
canals. In this Technical Memorandum, the authors have suggested 
(pages 35 through.J8 ) a series of design procedures based on their 
analyses of the test data. 

Design discharges in the test canals varied fran 700 to 
13,200 cfs. Test discharges ranged from 555 to 6,820 cfs. Three of 
the smaller canals were tested at only one or two discharges. These 
tests were made during a period of 1 to 3 days when little aquatic 
growth was present. Tests on the larger canals extended over a 
period of months or years. Regular copper sulfate treatments were 
used successfully in two of the canals to control aquatic growths; 
other canals were untreated. 

Flow resistance in the largest of the test canals was 
greater than antiCipated and varied seasonally. The value of 
Manning's "n" computed from tests in the five largest canals gen
erally ranged between 0.015 and 0.019. Most values of "nfl in the 
four smallest canals ranged between 0.013 and 0.016. 

Aquatic growths or coatings of various types were found 
on the lining surfaces of all test canals. Filamentous algae and 
deposits of fresh water clams appeared to provide the greatest effect 
on flow resistance. The flow retardation effect of Bryozoa growths, 
fresh water sponges, and nonfilamentous algae was difficult to 
isolate. 
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Flow resistance in sinuous reaches of the canals generally 
incresed notably over that which existed in straight reaches. The 
authors found that head losses caused by piers should not be ignored 
in canals having extremely flat slopes. 

A more detailed list of the author's conclusions and recom
mendations can be found on pages 30 through 34. Possibilities for 
future research activities concerning flow resistance studies are 
outlined on pages 28 and 29. 

Summary sheets of test data and computed design parameters 
are provided in Figures 12 through 21. More detailed descriptions 
of tests together with photographs of flow, conditions, and test 
equipment are presented in the Appendix. 

A brief review and bibliography of recent literature con
cerning flow resistance in rigid boundary channels are provided. 
Replies from questionnaire letters sent to 29 engineering design 
groups throughout the world are summarized. These letters requested 
information concerning current design procedures for concrete-lined 
canals and data from hydraulic friction tests. 
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INTRODUCTION 

The problems involved in the hydraulic design of a large 
irrigation canal are many and varied. The influence of maj or factors 
such as size, shape, surface roughness, and invert grade are balanced 
against the cumulative effect of a wide array of minor factors. The 
minor factors include aquatic growths, horizontal curves in canal 
alinement, structure piers in the flow prism, inlets, turnouts, and 
check structures. Although the specific quantitative effect of each 
factor has not been accurately known, the deSign procedures developed 
over a number of years and applied by engineers with a broad back
ground of experience have usually provided acceptable results. 

Operating experiences on two large concrete-lined canals 
(Delta-Mendota and Friant-Kern Canals) of the Central Valley Project, 
California, indicated in 1957-58 that design procedures which had 
been used successfully in smaller canals might not be adequate for 
large canals with flat slopes. Subsequent to the investigations at 
these large canals, a comprehensive program of capacity testing was 
undertaken by the Bureau of Reclamation to document the hydraulic 
performance of the more important concrete-lined canals which it had 
constructed. Data obtained fran this program will be used to estab
lish reliable design criteria for future canals of large size. 

This Technical Memorandum presents analyses and descrip-
tions of a series of flow tests which have been accomplished between 
1957 and 1963 in some 172 miles of irrigation canals. All tests 
described were confined to rigid boundary concrete-lined canals. 
(Documentation of flow resistance in earth canals is scheduled for 
future work and is not described in detail in this Technical Memorandum.) 
Concrete linings on all of the test canals, except one, were placed 
by large rail-mounted traveling slip-forms, and considerable hand 
troweling was done to assure a smooth flow surface. Analyses and 
results of the tests are presented in the beginning portion of the 
~~orandum; more detailed descriptions and discussions of the indi
vidual tests in each canal, together with pertinent photographs, are 
given in the Appendix. 

Summary sheets which list test data and computed design 
parameters for 243 water surface profile measurements are provided. 
Test flows in the nine canals ranged from 555 to 6,820 cfs. DeSign 
flows for these canals ranged from 700 cfs to 13,200 cfs. Tests at 
design discharges were desired but were not possible to obtain in 
all cases because of incomplete project water conveyance facilities. 

~~ Bureau of Reclamation offices in the Western United 
states contributed personnel and equipment to obtain test data. The 
program was guided by the Office of Chief Engineer, Denver, Colorado, 
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subsequent to 1959. Engineers of the Hydraulics Branch of the Denver 
Office developed instrumentation for and supervised initial vater 
surface profile measurements. Descriptions and photographs of the 
test equipment used are briefly presented. Engineers of the Canals 
Branch prepared the data analyses. 

The authors have presented a design chart which will 
enable the determination of an average value of Manning's "n" or 
open channel friction factor "f" for the range of concrete-lined 
canal sizes covered by the tests. A typical example for the design 
of a canal section based on this chart is given on pages 35 through 
3 6. The procedure outlined generally results in a more conserva-
tive design for larger channels than that which has been used in 
the past. The hydraulic design procedure currently utilized by the 
UseR for concrete-lined canals is given in Chapter 1, t1Canals and 
Related structures," Design sta.nd.a.rds No.3, Bureau of Reclamation, 
Office of Chief Engineer, Denver, Colorado. 

Results of head loss measurements across piers of the 
type normally encountered for bridges and other canal structures 
are summarized. A brief review of recent literature on rigid bound
ary open channel flow and associated hydraulic losses is presented 
as a background for the development presented. 

While data ,,{ere being assembled on the USSR canals, a 
questionnaire letter was sent to 29 water resource development 
agencies or firms throughout the world requesting information con
cerning the performance of large concrete-lined canals under their 
jurisdiction. These letters also requested information concerning 
their current design procedures. A summary of information received 
frem 20 of these agencies is given on Figures 2 and 3. A blank 
space under the coltmm headings on these figures indicates that no 
reply was received concerning the specific item. 

Figures 2 and 3 indicate that Manning's formula is used 
predOOlinantly in the United states and in most other English speak
ing countries. In 1957, the Bureau of Reclamation changed frem the 
Kutter-Chezy for.mula to Manning's formula for hydraulic computations; 
therefore, subsequent discussion considers the roughness coefficient 
"n" which is used in the latter formula. Some form of the Gauckler 
strickler or J.Brming formula (all of which are similar) is widely 
used in countries of Western Europe. 



U. S.B.R. 
SPEC. 

AGE OF DETAILS OF ORIGINAL DESIGN SECTION 
CONCRETE~-------r------~r-------'--------'--------'--------'--------'--------'--------.----------r---,--------------r--------.------~ 

CANAL 

MAIN 
(Reach below 

Long Lake) 

DELTA-MENDOTA 

No. 

AND 

(
'SSUE) 
DATE 

2324 

(1948) 

Seven 
Spec's 

See 
Appendix 

LINING Q BOTTOM LINING WATER HYDRAULIC CONCRETE ~~E~~~A~~ M!~~I,~AG~;N,:n" R~~~~~~S' 
AT TIME (cfs) WIDTH SIDE DEPTH A(~t~~ RADIUS ':LV:pRET V(~~~s~~\Y ~~~~:~ CONCRETE REQUIRED TO IR 
OF TEST (ft.) SLOPE (ft) (ft.) (ft.) LINING PROVIDE SAME Q @.8 F 

(Years) (ft.) AT DESIGN DEPTH (x 10') 

II 

6 to 12 

9700 

4600 
TO 

3400 

50 20.7 

48 16.6 

48 14.0 

1681 13.5 0.00010 

1206 11.2 0.00005 

969 9.8 0.00005 

5.77 23.5 2.8 

3.81 18.1 1.5 

3.51 15.5 1.5 

."'. 
o 
c 
o 
u 

0.0146 

0.0138 

0.0137 

25.0 

13.7 

11.0 

-----·---------r·------·+-------~----_+------~------4_------+_----~~-----+------~------4_------+_-------

MAIN 
(Trail Lake Reach) 

EAST LOW 

FRIANT-KERN 

ROZA MAIN 

MADERA 

GATEWAY 

CHARLES HANSEN 

MADERA 

3190 
(1950) 

1422 
(1946) 

2603 
(1949) 

Four 
Spec's 

See 
Append ix 

675 
(1936) 

748 
(1937) 

886 
(1939) 

4207 
( 1954) 

2855 
(1950) 

886 
(1939) 

10 

9 to II 

10 to 14 

25 

24 

17 to 20 

12 

17 to 20 

13,200 

4500 

", 5000 
MaXimum 

4000 
Normal 

2200 

1300 

1000 

700 

" 1500 
MaXimum 

1300 
Normal 

823 

20 

20 

36 

14 

12 

10 

10 

12 

21.0 1082 11.3 0.00061 12.21 23.0 

18.9 915 10.4 0.00010 4.92 21.6 

17.2 989 10.9 5.06 

15.2 837 9.9 0.00010 4.78 17.5 

11.2 314 6.3 0.0004 7.02 13.0 

9.1 212 5.2 000039 6.14 10.5 

9.0 191 4.9 0.00030 5.25 10.0 

6.9 140 4.0 0.00035 4.99 8.3 

7.2 150 4.3 9.98 

6.6 135 4 I 0.00130 9.64 7.7 

7.1 119 3.9 0.00070 6.91 8.1 

All canal sections shown (except one) had circular fillets at the intersection of the sides and invert. Fillet radii varied between 18 and 44 Inches. 

2.0 

2.7 

0.3 

2 3 

1.8 

1.4 

1.0 

1.4 

0.5 

I I 

1.0 

..... 
o 

'" ~ 
o 
> 

c 
o 

0.0152 

0.0144 

0.0143 

0.0145 

0.0143 

0.0142 

0.0141 

0.0142 

0.0141 

* Values of Q marked with asterisks were maximum discharges which Included flood inflows to the canal. Smaller freeboard allowances were provided for this condition. 

44.3 

16.4 

15.1 

14.2 

10.2 

8.30 

6.45 

12.6 

8.64 

FRICTION 

FACTOR 

f 

0.0104 

0.0099 

0.0102 

0.0119 

0.0110 

0.0111 

0.0131 

0.0137 

0.0138 

0.0145 

0.0146 

0.0147 

SHAPE OF CONCRETE 

LINED SECTION 
(To Scale) 

~ ,L:~: 
~- - 50' --~ 

SYMBOLS 
FOR 

PLOTTING 
DATA 
FROM 

STRAIGHT 
REACH 

o 

D 

[> 

+ 

() 

o 

o 

LENGTH 
OF 

CANAL 

UTILIZED 
FOR 

TESTS 
(miles) 

4.5 

95.1 

1.1 

25.0 

29.3 

I I 

2.6 

6.0 

3.2 

2.8 

1.1 

DESCRIPTION OF CONCRETE-LINED CANALS 

UTILIZED FOR CAPACITY TESTS 

FIGURE 



Organization 
or 

individual 
contacted 

TERNI, Societa per 
L'Industrla 
E'Elettr1clta 
(Rane, Italy) 

Ali-Union 
Hydrotecbnical 
Institute 
(Leningrad, USSR) 

1961 
reply 
date 

Ma;r 2l. 

March 28 

Formula currently 
used for concrete

lined channel design 

Questionnaire letters were 
Rou2hness coefficient used for 

Manning's Remarks 
"n" 

sent to 29 agencies 
design 'Purooses 

"Sand Grain" 
roughness 

"k" 

SUMMARY OF REPLIES FROM Q.UESTIONNAL'<E ON LARGE CONCRETE-LINED CHANNEL.S 

or individuals throughout the world on February 24. 1.961. to request information concernin~ current design criteria 
Extra allowance for an increase in flow resistance due to -1- Magnitude of 

Joints in lining hydraulic Accumulation of 
'or radius or very material on Erosion of Channel Freeboard 

fine finishing flat invert lining surfaces lining surfaces sinuosity criteria 

and recent hydraulic friction tests 
I 

I 
Year 

built 
Section 

shape 
Bottcm 

width 

made in lar~e concrete channels under their jurisdiction 
Hydraulic friction test data 

HydrAulic properiies 

Side Invert 
elope slopes 

of channel 

HydrauliCI Velocity 
Depth radius and 

(in fee';~) slopes - ----j------ - --------
I -------,----+------+----r------;-----r I Q_ 

1 I I 

Design 
fornru.la. and 
coefficient 

Gaukler-Strickler
Manning, Wich is 
equivalent to 
Manning1s 

0.015 This value used for design 6,350-c1'5 cal'tal. built 
Canal lining ~~ prefabricated concrete slabs 
corresponds to worst conditions anticipated) 

--~ 
in ~955. 
(0.015 

Two design methods \rere mentioned. Method 1 concerned uncontaminated surfaces. Method 1 was 
based on a dimensionless parameter approach (Reynold's number and friction factor "f l1

). 

Linear roughness characteristics or "equivalent sand grain roughness" values are given for 
mini.mlun, average and max:i1llum values, for eight categories of surfaces. Cl"lt and try 
solution is necessary with this method. Values of k ranged from 0.0007 fJot. to 0.033 :foot. 

Several technical. papers printed in Italian have 
been received but not reviewed at this time 

Minimum hori
zontal curve 
radius. 10 
t1mes W.S. 
width 
Curve losses 
still in 
research 
stages 

Freeboard on example 
canal. based an 
wave height in 
reservoir into 
Wich it discharges 
2.6 feet ~ve proven 
adequate for the 
70-foot top widtb 
canal 

Method. 2 is used wen conduit surfaces are expected to be covered with moss, water plants, 
silt} etc. Method starts 'With Chezy f'ormula V -= C y'RS. "C'T is determined by the 
Pavlovsky fonmlla C • l/n RY (in metric system). Exponent y is calculated fran 
y = 2.5 yn- O.75JR( Yo - 0.10) - 0.43. Values of n and yare given for minimum, 
average, and maximum values of eight categorlei- of surtaces:-----· --------- -

Trapezoidal 30 feet± 

Pentagonal 15 feet3: 

Pentagonal 15 feet 

1:1 

1-172:1 
to 1:1 

0.00026 

0.00014 

1-1/2:1 10.00(1)' 
to 
1:1 

No Bpecific test results were c1 ted 

Medio Adige Canals (Buss01engo) 
20 feet± III feett - I 5 ips:!: 

21 feet: III feet:: 5 ips! 

(Chievo) 

22 feeti III feet: I 4 ips: 

Sheet 2 of 2 

Test data 

Year Test Test 
of Q rea.ch Manning's "n" 

_t.est (cfs) lE:.Q.S!;h 

195o! 5,000! 4.5 miles I 0.0143 (average of 4 tea-,s) 

1950: 5,1003: 2.0 miles I 0.014 (average of 7 tests) 

1950:: 4,ooo± 3.8 miles I 0.0136 (average of 4 tests) 

I central---R-e-.-e-ar-ch--+Ma;r--8---+----Manni---ng-'.---~.014 -1 Channels mentiaoed are 

Institute tor below 3,000-c1"s capacity 

1 meter (3.28 feet):!: 
in open channels 

No test data in concrete canals was protlded. (A SUllIIII8ry of test results in a free now tunnel Q = 3,120 cts indicated n ~ 0.0l23) 
Technical article submitted. Written in Japanese--not presently translated. 

Electric Power 
Industry 
(Tokyo, Japan) 

A. N. Grzywienski 
Professor and 
Consultant 
(Vienna, Austria) 

March 14 Strickler / /2 
(V = KR2 3J l ) 
w.1ch is equivalent 
to Ma.nniIlg' s 

0.0167 
0.0148 

0.0118 

tK = 60) for old concrete 
K = 65-70) for U"-JlDl.Dg using wooden 

formvark 
(K • 80-90) for concrete 

No test data subm1tted--ODe~Austr1an canal suggested f'ar tests Q - 1,400, b = 20 feet, S:S = 1-1/2:1 

Slight estimated change in K (or n) sanet1mes allowed for these items 

with coatiIlJ< 
~ -, ;;;~~;i~~~b;~b;~~~~ilci~~~~dt,~~;---------------~--------------------------------------------------------------------------------------------------------------------------------~ 

U.S. Depsrtllllmt Ma;r 1 & ' 0.014 Tbese values taken frem USDA SCS ~ ARE and SCS have not built large lined canals; most have been in ~to 100-cfs capacity range 
of Agriculture Ma;r 16 Manning's to Engineering l!andbook, Section 5. I Only test data Cited was that for 3-foot by 9-inch cClIlcrete-l1ned model on 10 percent s~ope 
SCS and ARS Ma;r 18 0.016 Used for design of concrete-lined n = 0.012 at low n"" to 0.026 at bigher now 

I channels 

.-----Tennessee Valley March 13 Kutter's or Manning'S These formulas used for earth channels No concrete-l1ned channels have been used on TVA projects 
Allthority 

L~ Huisman 
Consulting 
Engineer 
(Vage1enzang, 

March 111 Colebrook-White 
Formula. 

This formula generally used for sma.ll cW.DIlels, open or closed. Author does not know of any concrete-lined channels with a capacity sbave 1,000 efa in Holland 

Holland) 

Board of Water March 17 Chezy FoI'IID.lla '---r-nus formula With C II: 120 was used to design the Catskill sy;~em ov~;·-45 years ago. C III l25 for cut and cover aqueducts. NYC system does not have large concrete-lined 
Supply, New channels. 
York City Williams~Hazen This 1"ormula vith C = 120 was used for tunnels of the Delaware system. C = l40 for new tunnels. 

Formula , 

central Water and r::i- March 10 
Power Research : 

0J.r letter was re1"erred to Central We-tel' and Power Camn1ssion at Ney Delhi. A reply was received from the Irriga.tion and Power Research Institute, Amritsar,lpunjab, In~<l, on Janua-::oy 15) 1962, which is sUIll!na!"ized below: Tests on the :t'ollowinc; canals w-e:'e in progress; SL'hinu r'eeder 

Lacey's or t-l<mning's Large tile-lined canals This Agency has no large concrete-lined_ canals. Most large rigid boundary canals in India have been lined with I"" . . (4,;00 cfs); Ferozepore Feeder (6,400 cfs); 3hakra Main Line 
Station (India)-J Concrete-lined ca.n.:lls tile or brick and designed using a Manning's "nn of 0.01(3. ~s value of 0.018 ::,s assumed to include all normal loss factors. Ani n of' 0.016 was recommended for an average "rumrlne" concrete-lined canal. (12,509 cfs); ~~angel Eydel Channel (12,500 cfs)j no test results 

__ ~ ______________________ -J ____ ~~=-__ LC~~~~~= were clted. 

No concrete-lined Channel of any importance exists in Egypt. f Serge Lel1avsky I June 8 
(Egypt) 

Societa Adriatica Di I June 17 
Elettricita 
(Venice, It~ly) 

Gat:·:!kler-Strickler 
V = K R2/3 Sl/2 

0.0167 (Equivalent to K = 60) "Accordine to_ our experience * * * the value of Manning's "nil of 0.014 * '* * gives too_large a value for K. We gener&1ly use a 

. K value~aI~·o~un~d~o6~O~f~o~~~c~on~c~r~e~t~e~-21~'~-n~e~d~§chann~~~e~l~s~.~~-:~~-:~~~~~=cc=c=~~=c~~~~c=c=~=c~~~~~ 
0.0118 (Equivalent to K = 85) 'This is the maximum K value -which is used in special cases 01" large pressure tunnels with very smooth lining. 

0.01)4 

0.005 

(Eq-~livalent to K = 65) I Design hydra'J.1ic l'roperties of eight conc:r,-ete-lined Italian canals of various cross-sectional shapes were provided. Seven of these 
Range of deGign coeffi- canals were bUi t after 1940. Design flows ranged fram 150 to 2,830 cfs. Majority of sections had parabolic inverts. Selection 

cien"ts cited for 8 of roughness coefficient based on comparisons (ectpirlcal and personal) with similar type canals. 
aifferent concrete
lined ca.'lals. 

(E<;uivalent to K = 40) 

An excellent bibliography of 34 Italian technical papers on flow in large channels (published since 1933) was provided. 
Research project has been underway for several years in collaboration with Italian Universities to investigate and collect data 

on actual rou@L~ess of canal lining to find a correspondence between actual values of roughness and particular type of' 
workmanship. 

None None 

I 

Prefer to use a low coefficient in 
original design to take care of' 
these effects 

None Freeboards generally 
50 cm ! (20 inches) 
regardless of the 
size of cana.l. 

I 

1941 IPara!>oJ.ic 
invert ' 

20 feet~ 1:1 0.00018 15 1"eet 
~ (B~ssano) 

7.0 fee 4.0 fps 

Q = 1,620 efs 
Mcmnins's 195o± 

n = 0.0156 

1951 

0.0133 ~fter perfect cleaning 

.017 after.1 year's vC[;etal 
growth 

FIGURE 3 
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-~ 
eSB coeff!c! ed for desi ses Extra a.ll ee for an increase 1n flow resistance due to Hvdraulic friction test data , 

Organization Magnitude of 

I 

Kydraullc properties of channel 'rest data 

or 1961 FOl'IILll.a ourrectly "Sand Grain tl J cints in lining hydraulic Accumul.ation of 
! 

I I 
I i 

Hydraulic I 
, 

individual reply used fClI' concrete- Manning's Remarks rougbness or ra.d1us or very material on Erosion of Channel Freeboard Year Section Bottom Side I Invert Veloci ty , Desie;n Year Test r::'est 
i contacted date lined channel design 'In" "k" fine 1"1nishing fiat invert lining surfaces llning surfaces sinuosity criteria built shape width slopes slope Depth radius and fOrrmlla and of '; reach ~,1a.nnine:' s "n" 

(io feet 1 slopes (', coefficient :'est (~fs 1 lenrth-, I 

Hydroelectric Power March 2 Manning's None None Probable that an None ! Normal. practice i Freeboard depends '-:::lo. ~.1 ]'Ie.. I 1.7 mi. 
Conrnission of a.llowance would I is to estimate largely on the 1917 Rectengular 48 feet Vertical 0.0002113 33 feet~ 15 feet~ 9 fps! Kutter's 1922 3):;00 

1 g:gisi I 
0.01?4 

Ontario (Canada) March 30 be made for separately the circumstances. through n = 0,014 1924 12, JOO:i: O.Ole3 
seasonal weed losses due to 1921 at 15,000 cts 1926 1),300 0.0183 0,0160 

June 14 growth in curves in Water level on 1948 I1\-, JOO 0.0217 0.019'1 , 
I I future chaJmel channel aline- Queenston-Chippawa Qu.eenston- 1954 13,900 0.0202 1),0197 

design ment Cs:ne.lis on rock (0-"( Chippawa 1955 13,400 0.0202 0.OJ';5 

I feet) above top of Cs:ne.l 1955 14,390 0,0202 I ~~'O178 
lining part of Two percent capacity increase noted in canal after cleaning; tbese values obtained after cleaning 

! time. SOI.1-:: (:If t e increase flow res stance exhi Ited afte 1922 was attr bnted pa:::,t tall : to roc , debris which_ !~a_c.. f'4len i:lto\ the c~~2.l. ___ 

North of' Scotland March 14 Manning's 0.013 I Used in 1930 t:or Q = 2,500 None None Lining in this canal. had l.ost much Fairly sinuooo 1.5-foot vertical 1930 Tra.pezoid 18 feet l-1/2:1 0.00031 11 feeti 6,6 feet 6.6 fps:!: Manning's 1959 2,500 3 miles 0.0153 
ll;ydroe1ectric of fines due to acidic peaty water alinement on coping above at n = 0.013 
Board (Scotland) April 24 0.0153 1 Used for 1960 enlargement so that surfa.ce vas sandy. Most this 3 miles static W.S. on 

I 

2,500 cfs 
I of SamE! channel to of surface vas treated ~th bitu- which feeds original. section 

Q = 3,000 minous paint in last 10 years. TuD:mel. Power in 1930. 
Station 

No extra allovaJ:'c 3.o-foot vertical 
for C~IIryeS in coping OIl enlarged 

I channel aline- section built in , 
ment 1960. , I i 

Department of March 25 Manning's 0.015 I All canals built by this None None 
I 

None None None 4 inches p1us.1 inch ' ll-year Trapezoid r.anal in clean condition 1,000 cfe ? 1950: ? 

I 
n.0146 averSD:e (Range hom 

Water Affairs department are hand- per foot of water old of pre- I 0 ... 0129 t::;, 
(Union of South I screeded with parabolic Slopes f1attoar depth. cs:ne.l cast 0,0170) 
Africa) sides than 0.0001 lining One section of canal. measured in a dirty state gave a value of Manning's "n" 18% higher than when clean. 

have never This oormally allows 

I 

---------- --
I 

I 

been used. for a surcharge of Nev Parabolic ? 750 cfo ? 1950:!: ? 0.0127 average (Range from 
approximately 

! 
+6 percent 

10 percent of nor- to -ll per-
mal flow. cent) 

Metropolitan Water Ma;' 29 Manning's 1 0.014 The three main canals None None Tests indicate None None 1.3-foot to 1.5-foot I Main Al<ueduct Cs:ne.l 4.45 at l.Jal1Jlin~' s 1960t ? ? 0.016 Before cleaning 
District of operated by this agency that the Freeboard has been 

I 1937 Tra.pezoid 20 1-1/2:1 10.00015 10.21 6.4 reet 1,605 cfs n = 0.014 0.0135 After c1esning 
Southern have been designed with accumulation allowed OIl the 

I Cal.if'arDia this coefficient of algae, silt, tbree canals. Casa Lema Canal 6.15 at Manning's 
sand, etc. has Subsequent events 1960 Trapezoid l2 1-1/2:1 10.00048 7·17 4.3 feet 1,000 efs n = 0.014 
a substantial have demonstrated 
ef'f'ect on the that at least 2nd San Diego Aqueduct Cs:ne.l 3.68 at Manning r s 
coefficient of 2.5 feet should 1960 Trapezoid l2 11 - 1/ 2 :1 10.000l2 J 10.05 5.6 reet 1,000 efs o = 0,014 
friction have been allowed 

Corps of Engineers March 6 Research under way on AtteIl\Pts at Fine finishiog of None See below See belov None 2.0 feet for rectan- Corps of Engineers bas large concrete-lined channels under its jurisdiction in Los Angeles, Pacific Northwest and New England (1,,000 to 100,000 efs capacity). 
U.S. P.:rmy (Office I 

advisability of using evaluation nood channels gular channels These chamlels designed pr1.maril.y for flood. channels under supercritical flow conditions. 
of Chief of friction factor (f) and of f1k" not done because No wrthwhile information has been obtained £'rom the limited field measurements. 
Engineers in Reynolds Number approach being made of uncertainty 2.5 feet for trape-
Washington, D.C.) of 1"1ne 1"1n1sh zoidal c~ls ' Ultrasonic method of velocity measurement under deve10pment 

arter 50 years 
Manning's 0.013 Used in areas of favorable climate 'Where special care is taken to obtain a. smooth surface (smoothing jo1nts but not fine finishing) 

0.014 Normal value for all. sized channels 3.0 feet to 4.0 feet 
0.015 when nov is within 
to Used "When sand or gravel depoai ts are likely to occur or concrete surfaces are likely to be eroded by Band and gravel 10 percent of 

, 

0.020 critical depth 

Lewis and Duvi vier March 9 Design charts prepared 0.005 foot for None DeSign charts This group pro- "k" of 0.005 foot Allov increased Autbor refers to , No attempts have been made to verify the value of "k" = 0.005 foot 
Caosulting by Peter Ackers at concrete take hydraulic vi des silt takes erosion fall in the drainage channels , 
Engineers, London, English ll;ydraulic. channel radius into traps, ensures into account chamle1-- only i "It was understood that a series of experiments have been carried out by the H;;,rdra.ulics Research St.ation ewer the last few years and a very good correlation was 
England Research Station lining account. cleansing equal to heli' obtained. However, the work vas not done in l.arge channe~s. 11 

(These charts based Slope. flatter velocities and of the velocity 
on Colebrook-Wbi te then 0.0001 specifies head for each 
equation) have never regular 180' of hori-

~,efe:::,ence 2/ been used maintenance zontal. curva-
ture , 

S\ILlBEAJI June 6 0.014 Nikuradse 'T Salle Results of hydraulic friction tests have been handed over to clients concerned c' Manning-Strickler Usually taken tor first Freeboard based on : Electrici te de France 
Societe Grenab10ise 

Q = 1 AR2/3s1/ 2 • 
approximation grain" co!"JC.E!l maximw:c. possible . ____ . __________ .• /Gompagnie National du 3hone 

D'Etudes et 0.012 Used far a finer estimate sometimes Several technical papers printed in French have been received water surface rise . Usef'ul data. probably can be obtained f"ram. following four clients mentioned: - - - - - - - - - - - - - ': Compagnie Nat ional d.' Amenacement du BaS-l1.hone LunE,UeO.cc 
D I Applications D used to calcc: 

metres3/sec where 
to if deta are available I 't~~Shopo Power Pla.."lt in the former 3eleian Congo 

ll;ydrauliques 1. K 0.018 late equi va~ Translations of essential parts of these papers are \m.derway at this time i Results of tests in concrete-lined canals (Qrs fram 450 to 3,000 cfs) showed Manning's "n" values '.rh1ch , 

(Greocble, France) 

---------
('rfils equivalent to 

C-----' lent Manningf ;taxied from 0.01.22 to 0.0192 depending on condition of lining. An rrn" ve.lue of 0.027 was obtained in a 

Elcct-:-=-cite De France 0.0153 ! Average K of 65 recormnendec "n" i Average ,,:,alue of K tlikes into account age, minor curves in al1nement, , stene masonry lined channe~ in poor condition for a flow of 2,710 cfs. 

Chatou, France l·~~' 1'( 
Manning's formula in ! for trapezoidal shaped ; and poss~ble deposits on the invert. ) FIGURE 2 metric system) concrete canal. i 



DEVELOPMENT OF TEST PROGRAM 

New construction techniques and the increasing importance 
of water conservation in the united states have given greater 
impetus to the use of concrete for the lining of large canals in 
recent years. The Bureau of Reclamation has designed. and bu1l t 
many hundred.s of miles of concrete-lined. irrigation canals in the 
Western united. states, especially on projects in the states of 
California and Hashington. Subsequent to 1946, several large canals 
were builtin these areas to supply irrigated. acreages of great 
expanse. (In the absence of a generally accepted. definition, large 
canals are considered. henceforth to be those designed for flows of 
1,000 cfs or greater.) 

As few large concrete-lined. canals existed. prior to 1946, 
very little hydraulic test information was available on their per
formance. The best test data frem smaller lined. canals available 
at that time were utilized in the design of the larger canals. 
Bureau designers realized. that documentation of hydraulic resist
ance in the new large canals should be made as soon as possible. 
However, due to incomplete distribution facilities, water delivery 
demands generally do not occur until several years after the main 
supply canals have been completed.. This creates a time lag in 
obtaining prototype performance tests at full design flows. 

In 1957, full capaCity testing of the 110-mile-long Delta
Mendota Canal in California disclosed. water depths which were 
greater than anticipated. for much of its length. Engineers of the 
Central Valley Project in California obtained additional test infor
mation on the Friant-Kern Canal in 1958, which again indicated. water 
depths greater than anticipated in the original design and revealed. 
a need. for a more comprehensive test program. The Office of the 
Assistant Commissioner and Chief Engineer in Denver, Colorado, in 
1959, initiated. such a program. The objective of the test program 
was to document the hydraulic performance of the larger concrete
lined. canals to obtain better knowledge of flow resistance and to 
establish deSign criteria for future large canals. 

Between 1959 and 1963 data were obtained from nineirriga
tion canals which had been designed. and bull t by the USBR in the 
period between 1937 and 1952. These canals are listed. in Figure 1 
in order of descending cross sectional area. Summaries of test 
data are presented. in Figures 12 through 27. Detailed. descriptions 
of the tests in each canal and pertinent photographs are provided 
in the Appendix. 

Both straight and sinuous reaches were selected. for test
ing in an attempt to determine the effect of horizontal curves in 
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canal alinement on flow resistance. Separate measurements across 
individual bridges, overchutes, check structures, and inverted 
siphons were obtained in an effort to measure the hydraulic losses 
caused by these in-line structures. Test reaches were selected to 
minimize flow changes. Records of measureable inflow and. outflow 
were obtained and. used to adjust the measured test discharges in 
analyses of data. 

Design capacities of the trapezoidal-shaped test canals 
ranged from 13 ,200 cfs for the Trail Lake Reach of the Main Canal 
(11ashington) to 700 cfs for the Gatew~ Canal (Utah). Test dis
charges ranged from 555 to 6,820 cfs. Invert slopes varied fram 
0.0013 in the Charles Hansen Canal (Colorado) to 0.00005 in the 
Delta-Mendota Canal. Velocities for all tests were subcritical 
with Froude Numbers which varied from about 0.06 to 0.84. The con
crete linings on all of the canals except one were placed from large 
rail-mounted traveling slip-forms and considerable hand troweling 
was done to assure a smooth flow surface. 

TEST MEASUREMENTS 

Subsequent to 1959, planning for tests was coordinated by 
members of the Hydraulics Branch and the Canals Branch. The tests 
were under the control of operating personnel of the various projects. 
Denver Office representatives visited the canals prior to tests and 
selected test reaches. Hydraulics Branch engineers supervised ini
tial measurements and. instructed operating personnel in proper meas
urement techniques. The Hydraulics Branch also provided water sur
face gages, differential mancmeter gages , multiple current meter 
equipment, and other special items required for discharge and water 
surface profile measurements. 

The "water surface gage If used for the tests was an assem
bly which utilized a pitot tube intake pipe connected to a vertical 
plastic stilling well, as shown in Figure 4. A hook gage was mounted 
in the stilling well to define accurately the water surface. The 
gage assembly was mounted on a vertical. current meter support rod 
which was used to hold it in place on the wood and steel "diving 
board II platforms. The pi tot tube was immersed in the water with 
the bottam of the support rod resting on a base plate of known 
elevation. Direct level checks to this base plate from a nearby 
bench mark were made each time a water surface measuring station 
was occupied. Water surface elevations were recorded to thousandths 
of feet. The frontispiece and. Figures B-16 and. F-7 show crews 
using this gage. The water surface gage was used for some tests on 
all canals except the Charles Hansen and Gate~ Canals. Measurements 
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Water surface gage used to obtain the average water levels in a 
canal. This instrument was used without the current meter tailpiece 
and with a lightweight rod attached to the upper part of the wading 
rod. The frontispiece shows crews using these gages on the East Low 
Canal. PX-D-20890. 

Figure 4 

7 



upstream and. downstream from canal structures were also made with 
this gage to determine the bacbvater effects of piers. 

Differential manometer gages were used to obtain all 
water surface elevation measurements on the Charles Hansen and. 
Gateway Canals and part of those on Delta-Mendota Canal. This type 
of gage is shown in Figures H-7, I-il, and. I-12. Two vertical trans
parent manometer tubes were utilized which were connected at the top 
and. attached to a wooden support frame. The end of one tube was 
connected to a pressure head senSing disc which was placed on the 
lining belo'v the canal water surface. The end of the other tube ,vas 
placed below the "Tater surface in a transparent plastic bucket 
attached to the bottom of the support frame. The water level in the 
plastic bucket was changed by a displacement block until it was even 
with the tip of a hook gage which was mounted on the support frame. 
The elevation of the hook gage was set from a bench mark on the lip 
of the concrete lining by means of an engineering level or a car
penter f s level and. wooden blocks of known length. Air was evacuated 
from the top of the tubes and water was drawn upward to eye level 
where the difference between the level of the canal water surface 
and that in the bucket could be read. Water surface elevations were 
recorded to hundredths of feet with this type of gage. 

Some of the tests on Delta-Mendota Canal, Friant-Kern 
Canal, and East Low Canal (Washington) vrere conducted over long 
reaches of il3-, 28-, and 25-mile lengths, respectively. To cover 
distances of these magnitudes with available manpower, more rapid 
and convenient slope measurements were used to record water surface 
profiles. The procedure developed to obtain water surface elevations 
consisted of using steel rules or tapes to measure the slope dis
tance from the top of the canal lining to the water surface in the 
canal. The slope readings were then converted to vertical distances 
which were subtracted from elevations of previously surveyed bench 
marks on the top of the lining to obtain water surface elevations. 

The methods of measuring test discharges for each canal 
are described in the Appendix and on the data surmnary sheets. Gen
erally these measurements were made by project hydrographers using 
Price Type A current meters and discharges where computed from veloc
ity traverses using the standard 0.2, 0.8 depth procedure. However, 
more comprehensive velocity traverses were obtained during the 1960 
tests on the Main and. East Low Canals. Point velocities were meas
ured for use in discharge and boundary shear distribution studies. 
Results of the shear distribution studies are not included in this 
Memorandum. 

Another type of current meter equipment was used to obtain 
velocity distribution measurements in Delta-Mendota Canal, Charles 
Hansen Canal (Colorado), and Gateway Canal. This equipnent included 
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a set of eight propeller-type current maters and a battery
powered recording unit. The meters were attached to a vertical 
metal rod which was suspended from a support frame mounted on a 
flat bed truck as shown in Figures B-17, H-6, and I-6. This 
equipment could simultaneously measure velocities at eight points 
on a vertical line. 

REVIEW OF LITERATURE AND PRESENTATION OF TEST DATA 

The literature abounds ,vi th articles written on flow 
resistance in rigid boundary open channels, and over the years, 
many formulas have been evolved for use in design. Two xer.r thor
ough and comprehensive publications on this subject.l./ an ~ were 
written by Fred C. Scobey in the 1930's and. have been used as a 
guide for the design of many thousands of miles of canal in the 
United States. These publications summarized a great amount of test 
data for various types of channels in existence during this period. 
HovTerver, very little information was presented on flow resistance 
in large concrete-lined channels because fevT existed at that time. 

An excellent discussion and bibliograPhyal of more recent 
developments in both rigid boundary and earth channels have been 
published by the Task Force on Friction Factors in Open Channels 
,.hich was sponsored by the ."rican Society of Civil Engineers. A 
recent paper by G. Garbrecht lists and evaluates some 22 resist
ance formulas vrhich have been used in Europe. 

The hydraulic deSigns for all nine of the test canals 
were made USing the Kutter-Chezy formula having an "n" value of 
0.014. This formula for determining the average velocity of flow 
in a pipe or channel .ms used by the USBR until 1957. At that time 
a change was made to the less cumbersome Hanning's formula. USing 
a constant "n" of 0.014 'With hydraulic radii betifeen 2 and 6 and 
lfith slopes between 0.0001 and 0.01, both formulas give approxi
mately the same average velocity. Outside of these limits, differ
ent values of "n" must be used in one or the other of the formulas 
to obtain the same results. For example, in the Trail Lake Reach 
of the Main Canal (R = 11.3, S = 0.()()()51), an "n" of 0.0152 is 
required in Nanning's formula to provide the same average velocity 
given by Kutter's formula with an "n" of 0.014. A convenient table 
of "n" values required to provide approximately the same velocity 
in either formula over a wide range of channel sizes and slopes is 
given in Reference 5. 

In 1958, Peter Ackers authored two noteworthy paper~ 
concerning flow resistance in channels and pipes. The first of 
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these papers reviews hydraulic formulas which have been developed 
since 1775 and presents a new design procedure based on the Colebrook
Wh1 te equation for conduit flow. Charts and tables are presented 
which greatly facilitate design computations. Conduit flow surfaces 
are described by a linear measure of surface roughness "k," or equi
valent sand grain roughness. Values of "k, n in feet, are given 
covering a wide range of surfaces, but it will be noted that these 
values describe flow resistance in straight uniform channels only. 
The author states that extra allowances should be made for conduit 
surface waviness or for curves or bends in alinement. Replies to 
the questionnaire listed in Figures 2 and 3 indicated that at least 
two European design agencies have also used the "equivalent sand 
grain surface If approach for design purposes. 

Fonnulas presented in the Ackers papers§.! are compared 
with Manning's formula which is widely used in the United States, 
Figure 5. Two curves were drawn by assuming a constant "1<." value 
for each curve and ccmputing Manning's "n" values for hydraulic 
radii from 2 to 20. Values of R bet1feen these limits cover a wide 
range of canal sizes as shown by the scaled cross sections of 
14 existing or proposed USBR concrete-lined canals at the bottom of 
the figure. Curve A represents a flow boundary having an equivalent 
sand grain roughness surface Ifk" of 0.010 foot. For the lower 
Curve B, "k" c 0.002 foot. Both curves rise with an increase in 
hydraulic radius, which in turn implies that "n" should increase 
,,11th R • However, the curves tend to flatten toward the right, 
'Which indicates little change in "n" should be expected in canals 
having values of R greater than 20. 

For flow in the zone of completely developed rough tur
bulence, Ackers d~~OPS an expression for the Chezy coeffiCient, 

C, equal to (32g) log 14.8 R/k which he describes as the loga
rithmic rough turbulent law (hereinafter referred to ~s the LRT law). 

1/2 
When average velocity, V, is expressed as V - C(RS) ,it is 
apparent that velocity varies as the logarithm of the "roughness 

ratio" R/k. C computed by Manning's formula is equal to 1.49 R
1

/
6

• 
n 

Paper No.1 of Reference 6 contains a curve which shows 
the variation of C with R/k indicated by the LRT law. This 
curve and the accompanying development shows that for a chosen value 
of R/k bet1reen 7 and 130, Manning's formula provides values of 
"c" within plus or minus two percent of those given by the LRT law. 
When R/k exceeds 130, the percent error increases. For the maxi
mum anticipated k (0.01 foot) and the minimum hydraulic radius of 
approximately 3.0 feet encountered in the tests described in this 
Memorandum, R/k exceeds 300. Therefore, some variation in computed 
veloci ties will occur betyTeen the use of l-fa.nning' s formula with a 
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NOTeS 
Curves A and B an this chart are based on the 

fallowing develapmen t : 
The average velocity of flow (V}in an open channel may be 

~X~T:d~::;j~R:o~m;,(a:anning,S formula},or by 

2 V" [132 9 ) J log 14.81;)J [Rsel i 
Formula 2 is an approximation of the Colebrook-White equation 
for flow near thl: turbulent region as developed by Peter 
Ackers in Hydraulics Research Papers No. I and 2 • 
"Resistance of Fluids Flawing in Channels and Pipes," 
published by the Department of Scientific and Industrial 
Research of England in 1958. ~ 
Equating formula I to formula 2 and solving for'n" 

I I 
I. 486R if 0.0463Rii n ;: ~ 

I R R 
132g)2fOgI4.8Iii} log 14.8 Iii) 

Where n : Manning roughness coefficient 
R" Hr.draulic radius (ft.) 
Se: Slope of energy gradient 
k" Equivalent sand grain roughness of the 

rigid boundary surface (ft.). (Typical k values 
and descriptions of surfaces taken from 
the research papers mentioned above). 

g" 32.16 ft. / sec 2 

Assuming that k is constant for a given type of 
canal surface,"n"increases with hydraulic radius in 
the range shown. 

The plotted data were taken from straight test 
reaches or from reaches which contained only 
I or 2 short horizontal curves. 

Reaches of Delta - Mendota and Friant - Kern Canals 
contained structures with piers which extended 
into the flow prism. Estimated head lasses 
caused by these piers were deducted for 
computations of "n"values shown. 

Plots of computed "n" values from nine concrete 
lined canals are shown on the diagram at the 
left and are described below. 

SOURCE OF PLOTTED TEST DATA 

CANAL 

Main (Long Lake) /::, 

Delta· Mendota 0 
Main (Trail Lake} 0 

East Low [> 

Friant-Kern + 
Roza Main ~ 

Madera 0 
Gateway (l!J) 

IReach I) (> 
Charles Hansen 

1 Reach 2) ~ 

No. 

OF 

TESTS 

4 

5 

3 

II 

4 

7 

3 

4 

4 

No 

RANGE OF 

TEST FLOWS 

(efs) 

860ta6210' 

No 3370 to 4370 

No 1090 to 5810 

No 875 to 1980 

Yes 980 to 4545 

No 1065 to 1075 

Yes 485 to 945 

No 

Yes 

724 

800 
to 

1290 

CANAL CAPACITY TEST PROGRAM 

CONCRETE LINED CANALS 
MANNING'S "n" VALUES 

FROM 
PROTOTYPE TE STS 

STRAIGHT REACHES 

FIGURE 5 



constant "ntl and. the 1m law with a constant k. The relationship 
of k, R, and. "n" is shown in Figure 5. 

The R/k value for a round conduit flowing f'ul1 is a 
constant value regardless of discharge. For a given open channel, 
however, R/k does not remain constant but changes with water depth. 
(As discharge increases, depth increases and R/k increases in a 
given channel under uniform flow conditions.) 

Another aspect of the "equivalent sand grain roughness" 
approach to flow resistance is shown in Figure 5. It will be noted 
that the k of 0.010 foot used for Curve A is five times the 
0.002 foot used for Curve B. However, only a 15- to 20-percent 
increase in fin" is shown between Curves A and B. This indicates 
that the use of k values provides a basis for more precise eval
uation of flow resistance in a straight uniform channel. 

To provide an indication of how results fran the prototype 
tests described in this Technical Memorandum fell within the limits 
shown, "n" values ccm:puted from straight or nearly straight rela
tively clean reaches of the nine canals were plotted in Figure 5. 
These tests have been further identified by asterisks on the summary 
sheets (Figures 12 through 27). Although the plotted data were 
chosen carefully to minimize the effects of curvature, algal growth, 
pier losses, and all other effects except canal size, a fair amount 
of scatter is apparent. It will be noted that most of the "n" values 
fell between Curves A and B. Values of Manning's "n" fran the 
larger sections were generally greater than 0.014. (All canals 
tested were designed with Kutter's formula assuming an "n" of 0.014. 
Equivalent Manning's "n" values for each canal are shown in Figure 1.) 

When Manning' s tin" values fran tests in the nine lined 
canals were plotted in Figure 6, a great amount of scatter was evi
dent. (Data from J:!:.1.l tests listed in the prototype test data sum
mary sheets except those fran Figure 15 were plotted in Figure 6. 
Manning's "n" values in Figure 15 include head losses caused by 
several sets of in-line structure piers.) A comparison between 
Figures 5 and. 6 reveals that many of the fin" values on the latter 
diagram are considerably higher than those plotted on Figure 5. 
The increased values have been attributed to the following major 
factors: 

a. Seasonal aquatic growths on concrete lining surfaces 
b. Horizontal curves in canal alinement 

The presence of structure piers in the canal flow prism 
also increased hydraulic resistance. Estimated losses for these 
obstructions were deducted fran overall energy losses in a reach 
before computing the values shown in Figures 5 and 6. Values of 
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NOTES 

Values of computed "n" values from nine concrete 
lined canals are plotted on the diagram ot 
the left. 

Plotted dafa are from both straight and sinuous 
test reaches. -----

Copper sulphate treatments were used in test 
reaches of only three of the nine canals to 

to retard aquatic growths. The presence of 
curves and aquatic growths both tended to 
increase flaw resistance in a given channel. 

Test reaches at Delta- Mendota and Friant-Kern 
Canals contained structures with piers 
which ex tended into the flow prism. Estimated 
head losses caused by these piers were 
deducted for computafions of "n"values shown. 
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to retard aquatic growths. The presence of 
curves and aquatic growths both tended to 
increase flow resistance in a given channel. 

Test reaches of Delta- Mendota and Friant-Kern 
Canals contained structures with piers 
which extended into the flow prism.Estimated 
head losses caused by these piers were 
deducted for computa tions of "n" values shown . 
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"n" varied from a low of 0.Oll8 measured in the Charles Hansen Canal 
to a high of 0.0203 measured in the Main Canal (Washington). 

Drawn at the bottom of Figure 5 is a range of sizes of cir
cular conduits with hydraulic radii corresponding to those of the 
open channels tested. (D -= 4R). The conduits have been drawn to the 
same scale as the lined. canals to provide the reader with an illustra
tion of practical examples of the great differences in conduit shapes 
which can exist with a given hydraulic radius. From this comparison, 
it is possible to envision flow turbulence characteristics in the 
closed. circular conduit to be samewhat different from those in the 
wide, free-surface open channel. It is reasonable to assume, there
fore, that total boundary shear on the surface of the open channel 
with a given R may be more than that on the surface of a closed. 
conduit with the same R. Also, it seems apparent that previous 
theoretical analyses have not always accounted for the secondary or 
spiral flows which develop in an open channel and which superimpose 
additional energy dissipation over the general flow pattern. 

J. Malaika in his paper on ''Flow in Noncircular Conduits ,Jj 
reported that closed conduit shape had a pronounced effect on fric
tion factors. Tests described. in Reference 7 were made in small cir
cular, elliptic, square, rectangular, and rhombic shaped conduits 
with very rough flow surfaces. The conduits had inscribed. diameters 
of approximately 4 inches and were tested. flowing full. Malaika 
concluded. from these tests that the diameter of the inscribed circle 
was a better linear dimenSion to use for these shapes in the Reynolds 
and roughness parameters of Nikuradse and the Colebrook-ifui te 
resistance equations than the hydraulic diameter, D. lIe stated. that 
an open channel could be visualized. as the lower half of a closed 
conduit for such application. Also, he concluded that the relative 
hydraulic efficiency of a conduit cross section could be expressed 
by the dimensionless ratio of the inscribed circle diameter over the 
hydraulic diameter. Test data fram the concrete-lined. canals have 
not been analyzed. from this standpoint, but this may be accomplished. 
in the future. 

Malaika's tests indicated. the lowest friction factors 
("f" values) for circular conduits when the hydraulic diameter, D, 
was used. in expressions for "f" and Reynolds Number. Values of "f" 
30 to 50 percent higher were obtained in rectangular and elliptic 
conduits having aspect ratios of 3 to 1 and 6 to 1. If the test 
canals in Figure 1 are considered flowing at design depth, and the 
aspect ratio considered equal to T/2d, it will be noted that this 
ratio varies from 3.2 for Delta-Mendota Canal to 1.8 for Madera Canal. 

If Malaika' s results are presumed applicable to these much 
larger open channels, Significantly higher friction factors could 
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be expected than for round conduits of the same relative roughness 
at the same Reynolds' Number. Again, extrapolating lvlaJ.aika's data 
for elliptic conduits to nruch larger open channels, the canal with 
an aspect ratio of 3.2 could be expected to have an "f" value about 
5 percent higher than the one with an aspect ratio of 1.8 (assuming 
the same relative roughness and Reynolds' Number). Canal side 
slopes of the test canals (1-1/4:1 to 1-1/2:1) were not expected 
to have a significant effect on the shape factor. 

Figure 7 is an application to open channels of the ''Moody'' 
type f - m diagram ccmmonly used for closed conduits. (An 
extensive amount of flow resistance data from round conduits flowing 
full has been pr~sented in this type of diagram in USBR Engineering 
Monograph No. 7.§J) 

To apply this technique to open channels, pipe diameter, 
D, is replaced by the mathematical equivalent 4R. Pipe "f" is 
expressed as h

t 
D/hv L. Open channel "f" in Figure 7 is defined 

as 8gRSe/~. Pipe Reynolds' Number is expressed as VD/v. On 

Figure 7, m is defined as 4RV/v. Figure 7 shows flow resistance 
data in terms of dimensionless numbers and provides an extension of 
data l7ich has been already published for smaller channels. V. T. 
Chow, presented f - m relationships for smaller rough rigid 
boundary channels which were investigated by Messrs. Bazin, Varwick, 
and Kirschmer. A discussion of the f - m method of presentation 
is also included in Reference 3. 

Figure 7 shows that plotting test data in terms of the 
chosen dimensionless parameters did not reduce the large amount of 
scatter. (The plots in Figure 7 were computed frcm the same tests 
used for Figure 6. The f - m values were taken frcm all tests 
shown in Figures 12 through 14 and 16 through 27.) However, a",,<;otn
parison of Figure 7 with data frem large round closed conduits£l at 
the same Reynolds' Numbers reveals that higher "f" values existed 
in the open channels. This f - IR diagram also shows that flow 
for the majority of tests fell within the theoretical zone of "fully 
developed turbulence" as defined in Reference 8 for closed conduits. 

Much of the scatter of data on the f - IR diagram of 
Figure 7 was attributed to aquatic growths and canal sinuosity. To 
provide more basic design information, parameters fram tests in 
straight clean canals were taken from the summary sheets and plotted 
on Figure 8. (Points in Figure 8 were from the same tests used for 
Figure 5. These tests have been marked with asterisks on Figures 12 
through 27.) 

14 



CONCRETE - LIN ED CANALS 
FRICTION FACTORS FROM PROTOTYPE TESTS 

O 
STRAIGHT AND SINUOUS REACHES 

0.03 I I I I I I I I 
. 1 ne of fully ~ rTheorehca zo lent'fl-ow 

: 1.-eeVeIOped--tUf'b~its I 
0.025 LI --"1-'/ in clo .d cond . -<1 I 

:r A . -----+--~ 8 
<1 

~
Q) 0.020 G>-

~N S 

> -- '·2 --"-= 

00 8 

II ----!.......--. I!:i. S ------j 

'+-

EI 
EI 

~ 0.015 ~ __ _ 

o ~ ~ L __ +~~, ____ ~~ 
u ''0/ <t : \ I l.L. 

z 

o F ~ I I 

'-- C losedl conduit tran~itional 
IOWI ZUlle. 

0:: 
l.L. 
~::r~ ~~~ :: ~-2 

0.0061~-----~----L----L--~--J-~L--J--L-------------L------~ 

2 X 10 6 3 4 5 6 7 8 9 10 7 

REYNOLDS' NUMBER JR = 4RV 
7/ 

2 3 

[!jGURE 7 



0030 
I ~ 

0.025 
Theoretical zone of fully ~. 

t- devetoped turbulent flow ~ 
for closed conduits---, ! 

~ 

~ 

0.020 

0.018 

1--- __ I - - I . . ------ ........ I -- -----f: --- -- I - I 
\ - - I -

0.016 

0.014 
Q) 

if) N a:: > c:r> 

-\ - - I - I I -- -_ I 
-"/-_ 

,tJ I.::> , 
Closed condu it y 

transitional flow lone j " 
I 

I 
I 

I 
ro 

0.012 
" 4-

0:: 
0 

I 

1-- __ / 
/ - --i --- I-- _ --f- 0.010 u 

« 
LL 

:z 0.009 

- .... -
Theoretica I smooth I - -I 

pipe limit line / 

/ 
0 / 

I -
I-

0.008 u ~: 210g (IR /f)-08 
-

0:: 
LL 

0.007 
I 

0.006 

I X 106 1.5 2 2.5 3 

FRICTION 

,- -Average Data Curve 

- . C:!i-' - + ---- ---
[;> 

<& 
1'00 

-

CONCRETE- LINED 

FACTORS FROM PROTOTYPE TESTS 

I 

I 

I 
I 

r-
I , 

0 )21 I ~ 
v 

<:> I J: C &. 
00 --i. 

I -- "" -+- ~ I..::f I- % 
&. , 

!> Iii ~ '.; &. G 
I I<' -8- .~ f- .- t-
I iii ~' 1'\ -' 

CANALS 

t-- .- .-I- --

+ * tit I ~Poin I ------1-- __ 

I 
~--- ------ t-- -

I 

----- I ----- - -- 1------- ----- ---- -' 
I --

t---- __ 
l 
I - -- -- -- ----'-.. 

REYNOLDS' NUMBER fR:4RV 
. I I I I I V I 

4 5 6 7 8 9 Ixl07 1.5 2 2.5 3 4 5 6 

DIAGRAM 

1--- I----

7 8 

.-

EXPLANATION 
ROUGHN ES S COE F FI CI ENT " " (F n . or use in Manning's formula) IR = Reyn'olds' number (Dimensionless) 

R = Hydraulic radius (ft.) 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 
111111111 1III 1III I II I II II ! I I I I II Iii I III 1111 III II V V I 

I /' / ~ 

~ 
V ' 

~ ~ ~ I'r 

I ~ /' 1/ 

V ~/ V~ V/ V~ 
/ // Vv-V/ 'i v 

/ 

/ / V~ vr 1/ ~ // 
~L ~ V r--/ ~ V V 
~. 

~ V /;: V ~ V 
/ 

V ~ 
~ '~ 
v ., 
/~~ 

V;p 
v 

E 

Se = Slope of energy gradient (Dimensionless) 
g = Acceleration of gravity=32.2 ft./sec.2 

V = Kinematic viscosity (ftlsec.) 
V : Average velocity (ft/sec.) 
f = Darcy friction foctor (Dimensionless) 

SOURCE OF PLOTTED TEST DATA 

No. +- RANGE OF ..J " 
0 

... ., 
CANAL <II OF o E TEST FLOWS 

~ Vl +-
=> 0 >- TESTS lJ ., (c.f.s.l Vl '-

f--

Main (Long Lake) A 4 No 860 to 6210 
De I ta - Mendota 0 7 No 3370 to 4370 
Main(Trail Lake) EI 5 No 1090 to 5810 
East Low ~ 3 No 875 to 1980 
Friant- Kern + II Yes 980 to 4545 
Roza Main ~ 4 No 1065 to 1075 
Madera 0 .' 7 Yes 485 to 945 . 
Gateway . () 3 No 724 

(Reach I) 0 4 800 
C. Hansen(Reach 2) ~ 4 Yes to 

1290 

mula and assumed "n" from figure 5. 
w aAd compute Reynold s' 

tical line upwara to 

nd. locatate point 2 at 
ry sectian. 

9 I xl0 8 5. Project a vertical line from point 2 and read Manning's "n" from linear scale. 
If "n" value from Diagram 2 does nO,t agree with assumed value, repeat steps 
through 5 with value indicated by Diagram 2. FIGURE 8 



-

I4J 
te 
ct 

-

()J 

IIJ 
I 

/ 

()J 
C1I 

-~ 
#{ 

#r 

()J 
0 

--

IIJ 
CD 

IIJ 
Q) 

/ 
I 

IIJ 
0) 

" I 71 
IIJ 
-A 

" 

/ -------.J 

~ " -Q) 

/ -~ 

~!L 

IIJ 
0 - " --v 

0/; 
"" "" 

IIJ -

-C1I 

I 
I 

/ 
I 

-

-()J 

Q) 

25 

-v 

-" 

()J 

()J 
-A 

()J 

#{ 

_i 
I 

()J 
C1I 

/ 

/ 

I -~ __ 

I 
I 

IIJ 
-v 

IIJ 
CD 

/ 

()J 
o 

110 i( 

IIJ 
C1I 

~ 

IIJ 
0) 

IIJ 
o 

-CD 

I POlNer I. 

[;J 
--A 

i;; -IIJ 

-Q) 

Q) 

RoC 
--.0.;",-IV I{ {." J./ ~ _ 

CD 

"" " 

--

~._ v ~ ,. ~ .., ,....:.... ___ _ 

~,),""C;'s"ll 7 --l 

FLOW 
-<--

J~~."'~ 
~; ~:,,.f "'~ 

Co tum 

KEY MAP 

IIJ I 
()J 

C1I 

OREGON 

IIJ 
-v 

-1 

LOW CANAL 
o 
:r 
« 
o 

~~ 
IIJ 
0) 

/ [;J I 

" " . 

7: 21 IV. 

- J C1I 

~i'\_ • 

~ 

~ 
0,,>,,> 

@J... 
/~ 

@, 

Co" " 
<:'-/", 

ti' 

" ~'),<Y.-? £ir~~ "1/ ~ v,rp J~f'L 
'Y ~.-

M "": ot'<!''?1< " 
'\, ". -----~'\: 0Go-

" (T .-:"-.." 

va,tv. c,., j W 

()J r ~~~/ ~ 
0) -~~ -.. 'S':~G' -~~ 

~'<,~1: - 9.:t,~ 
IIJ I 

/ Xo':-. 
C1I i ·"'<!,o" :'-:"'.> I\) I 

C1I 

a 

0) 

W 
IIJ 

()J - I , 
I 

/ 
III 

CD 

... 19'\!,., 

()J ~ 
0 

, .... I 

1-" 
~ 

""-

" i , 
/ III 

I 0 I , 

()J - "-'f::---~HC I 
C1I 

()J IIJ 
sr,c-{I( 0) 

.. -530+"""_ '-I!!Ro/r,..1. 30.68 _ -- ""0 
, 

~"-~I{ / " . 3'<04 O. I ()J 

I I .80 0) . ..._-

) -'~'6§,i;Ift!:t~/(1 f---.--
e' . U4 TI0(y 

-v I .7?~,t i 
,- ROI{ " 
: S/Pu_cN ~rL_ 

&'] 
I 

I\) 
-A 

~ 

cn <0 .A "'v v" 
" -::-
00 

• 0 
'b~ 
'Q)~ 
,,'!:. 
~~ "'.v -*' ~o 

%'$ 
~~ 
~ \\ 

~ 
.A 

~ 
~ 

~ -----

//~ IIJ -
~ ------r i I ~ ~ ArMeaSUring Points-1960 

'" I ~_ I lit ( I 
IIJ I k 8059-'-' ~ 
IIJ / I - REACH ,-

TRATF I I 0 2 

R~ 
! t 1 . , I J 

SCALE OF MILES 

[;J IIO"Y;;.55'.4S-BU/LT BX"8-L.T". '·Z ... '3 

Ii!! ~ COLI,IMBIA BASIN PROJECT-'..-SHINGTON ""~ -- ": EAST LOW CANAL-STA.OtOO.34 To 5"4tl5.3 , 

/ ~ LOCATION MAP 

I 
i I~ I~ I FIGURE 0-1 



Values of "f" were also computed for the nine test canals 
utilizing hydraulic pr~erties assumed for the design as shown in 
Figure 1. These values have been plotted in Figure 9 together with 
a shaded area which covers the range of test data shown in Figure 7. 
Values of "f" for design conditions from the smaller canals fell in 
the lower portion of the shaded area. However, "f" values for 
design conditions in the Main, Delta-Mendota, and East Low Canals 
fell below the shaded area. This demonstrates that hydraulic resist
ance was greater than expected and that a more conservative friction 
coefficient would have been warranted in the original design of the 
larger canals. 

A similar friction factor diagram for rigid boundary open 
channels which utUizes a different expreSSion (IR EIt) for a Reynolds' 

Number has been outlined by the U.S. A:rmy Corps of Engineers in 
Reference 10. The average data curve presented therein was derived 
from tests on smaller canals and models. (Maximum value of IRE 

5 It 
shown was 1.2 x 10.) If this curve is extended into the area of 
higher Reynolds' Numbers (up to 6.3 X 105

) computed from USSR tests, 
it lies below most of the "f" values obtained. Representative values 
of IREK have been computed and are given in the data summary sheets, 

Figures J2 through 27, following page 38~ 

AQUATIC GROWTHS 

The presence of aquatic growths in earth channels has long 
been a problem for irrigation operating personnel. Seasonal decreases 
in earth canal capacities due to weed growths have been reported 
from virtually every USSR project. Flow measurements in large drain
age canals in southern Florida have demonstrated that swersed weed 
growth has reduced capacities by as much as 97 percent. Manning's 
"n" values as high as 1.18 were recorded in channels which had. not 
been chemically treated to retard weed growth. In the area of 
southern Florida where tests were made, a large seasonal change in 
"n" values was noted. A l7-fold increase in the value of "n" from 
0.04 to 0.68 was recorded during a 10-week period in one 10-f'oot wide 
f'arm lateral. 

A similar, but less pronounced, trend o't seasonal change 
in flow resistance in large concrete-lined canals was revealed by 
several of' the tests described herein. A slt~ht seasonal increase 
in resistance had been expected since Scobe~ had. documented this 
phenomenon in concrete flumes. However, the magnitude of' the increase 
in the test canals was larger than anticipated. Tests on untreated 

15 



·.-

CONCRETE- LINED CANALS 
FRICTION FACTORS COMPUTED FROM 0.040 

DESIGN HYDRAULIC PROPERTIES 
OF TEST CANALS 

0.035 

Plotted symbols show location 
of "f II values computed from 

0.030 
design hydraul ic properties of 
test canals described on Figure I. 

Water temperature of 58° F 
assumed to compute fR values. 

0.025 
(See Figure I for Key to Symbols. ) ... , 

~ ~~, ~ _~7//20~~ ~ 
0.020 

~~//~W~%~ ~ ~ / / / / / /~~/~~~ ~ 
heoretica I lone of _ 0.018 

-~~0%~ » ~ ~ ~~%/?/, fully developed 
turbulent flo w 
for closed conduits.,-0.016 

\;~~~~~ ~ ~ 
1// 
~~%W; 

I 
( 

Q) /; I 
f (f) 

N ( J 
0:: > 

0.014 V~W~~ p;; ~ ~ ~~WW 
\ I 

Ol ~ 
00" ~ If- ;-L"_ ~ 0 / z /; I 

a:: 0.0l2 
:1 ~~~~ ~ ~ ~ ~~v~Y~----- .---____ , 

I 0 "-Range of test data '~ ( 

~ :z. ---------
--- - {, u as shown on Figure 7 ~ 

~ -<l: 0.010 ,........ 
\ LL --"'---- I - 1--- T Z 0.009 --0 - - Closed conduit transitional 

1-- __ 
( -

flow lone-----------'>-i ~ -- -- -- . I 
U ' 0.008 --- / - --cr - -;r ---- I lJ.... Smooth pipe - { 

0.007 -' 

-yf-=2.0 log (fRYf)-0.8------
1- __ 

-L __ --
, 1 4RV 

0.006 REYNOLDS ' NUMBER rR= V 
I I I I 4 5 

2.5 3 4 5 6 7 8 9 I X 10 7 1.5 2 2.5 3 
FIGUR E 9 



canals in the Columbia Basin Project in the state of Washington 
showed that "n" values increased 30 percent between March and August 
or September. Figures A-13, A-14, C-10, D-13, and D-14 in the 
Appendix show graphically the changes which occurred. in this coef
ficient. 

Capacities in the Madera Canal in California had been 
reduced. as much as 20 percent by algal growths. Tests in 1958 in 
the 36-foot bottom width Friant-Kern Canal demonstrated. a similar 
capacity deficiency due in part to filamentous algal growth. 
Biweekly copper sulfate treatments of 2 pounds per cfs discharge 
applied. throughout the entire irrigation season have been used. in 
the last 2 years to retard growths in these two canals with good 
success. After treatments of this concentration and frequency, the 
10-foot-bottom-width, 1,OOO-cfs Madera Canal carried. a maximum flow 
of about 110 percent of design capacity (with scme encroachment on 
design freeboard) during 1962. In 1962, after regular treatments, 
the first 28 miles of the Friant-Kern Canal conveyed 4,500 cfs 
with 0.2 foot of freeboard at "tight spots" from which "n" values 
of 0.0145 to 0.0166 were computed. Freeboard of 0.25 foot with 
5,OOO-cfs flow was anticipated in the original design of the canal. 

Because of incomplete development of the Columbia Basin 
Project in 1960-61, the water users did not require design dis
charges in the canals chosen for the tests. Therefore, chemical 
treatments to retard aquatic growths were not made in the test 
reaches of the Main and. East Low Canals. Therefore, all effects of 
growths on the concrete lining surface were recorded. for the entire 
irrigation season. Canals in this area are unwatered. during the 
winter, and aquatic growths are killed, which explains why "n" values 
computed from tests made early in the season were lowest. As the 
weather and water warms seasonally, filamentous algae, fresh-water 
sponge and Nostoc algae appear on the surfaces of concrete canal 
linings in this project as shown in Figures A-9, A-IO, A-ll, C-8, 
D-7, D-8, and D-9. 

A research program to evaluate the cost and effectiveness 
of various herbicides and new chemical compounds in controlling 
aquatic growths peculiar to Columbia Basin Project canals was started 
by the USBR in 1963. Flow measurements are to be scheduled 'before 
and after" treatments in both concrete and earth canals to document 
changes in hydraulic resistance. 

Tests on the Columbia Basin Proj ect canals also seemed to 
indicate that the flow velocity affected the computed values of "n" 
and "f." In canal sections heavily infested with algae growth, 
higher values were obtained for the low velocity tests than for2~1 
higher velocity tests at the same time of year. Ree and Palme~ 
reported. similar effects in channels protected. by vegetative linings. 
The "velocity effect" will be studied in future tests. 
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In the Delta-Mendota Canal water is generally turbid, warm, 
and rich in nutrients. This has provided an environment which is 
favorable to the growth of fresh-water clams and Bryozoa. (Bryozoa 
are minute animals which form moss-like growths as shown in B-8 and 
B-9.) A large percentage of the concrete lining surface in the 
first 10 miles of the canal was coated with this growth at the time 
of the 1960 unwatering. The exact effect of Bryozoa growth on flow 
resistance has not been determined. Figure B-9 shows tentacles 
which develop and often extend as much as 1 inch from the concrete 
lining surface. 

The extent of Asiatic clam (Corbiculua flumina) growth 
was much larger than had been expected in Delta-Mendota Canal. The 
silt beds which had been deposited on the invert of the concrete 
lining (Figures B-lO, 13-11, B-12), appeared to be ideal locations 
for clam propagation. The clam-silt beds, in turn, provided 
increased surface roughness and increased hydraulic flow resistance. 
An analytical method for determining the effect of sediment deposits 
on hydraulic friction is outlined in Reference 12. Silt which 
formed the beds apparently came into the canal with return irriga
tion flow, storm inflows, and from windblown material. 

The spread of fresh water clam growth has bec~ an 
increasing problem in irrigation systems in California. A sat-
isfactory method of controlling the growth of this clam in large 
channels has not been devised at this time. Aromatic solvents have 
been used successfully to clear clam infestations from the cooling 
condenser tubes at the Tracy Pumping Plant where a relatively small 
amount of water is involved. However, this type of treatment has 
been too expensive for large-scale application. 

In addition to the aforementioned gro,nhs, considerable 
numbers of fish were reported in lined canals in California. Carp 
and bass were found in the Delta-Mendota Canal during the 1960 and 
1962 unwaterings, and the thread fin shad was reported in the Friant
Kern Canal. 

Antifouling paints applied to concrete lining surfaces 
have been used successfully on several USBR canals to retard algal 
growths, and research is continuing to evaluate their effectiveness 
over a period of time. Applications have been limited mainly to the 
short canal sections at gaging stations where discharge measurements 
are made. The applications are made at these points becwe paint 
costs are presently too high to justify large-scale use. Annual 
applications of paint have been required in some areas to obtain the 
desired degree of control. Such applications would not be possible 
in canals which deliver water continuously throughout the entire year. 
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Specific descriptions of the genera of algae which occurred 
in test canals is provided in the narratives of the Appendix. 

CANAL SINUOSITY 

To determine the effect of horizontal curves in alinement 
on flow resistance in the test canals, both sinuous and straight 
reaches were selected for test measurements. Summaries of curve 
data for the individual reaches are included in the narrative dis
cussions for each canal in the Appendix. A brief summary of this 
information is provided in Table 1. 

Flow through sinuous reaches of canal requires a larger 
expenditure of energy than flow through a straight reach of the 
same canal. The largest proportion of the additional head loss is 
thought to be caused by increased boundary shear due to circulatory 
flows and increased velocities on certain portions of the channel 
section as the water traverses the curve. These disturbances to 
the pattern of velocity distribution create added turbulence and 
additional hydraulic resistance. In effect, a curve in alinement 
acts on the canal as would increased boundary roughness. In con
trast to bend losses in pipes for which many measurements are avail
able, few prototype tests have been made to doctmlent bend losses in 
open channels. Three recent publications describing laboratory work 
on the mechanics of flow in open channel curves are provided in 
References 15, 16, and 17. Additional prototype research on this 
subject by the United states Geological Survey was in progress on 
concrete-lined canals of the Colorado-Big Thompson Project in 1962. 

Garbrecht!J provides a design chart for the determination 
of open channel curve loss coefficients based on model tests avail
able in 1959. This chart shows that the ratio of curve radius to 
water surface width (~/T) has a considerable effect on the coeffi-

cient 'When this ratio is small. However, he states that head losses 
for curves with ~/T ratios greater than 5 are insignificant in 

smooth channels. Reference to the curve data from the test canals 
shown in Table 1 indicates the average ~/T value to range between 

4 and 22. From this standpoint, it would appear that the extra head 
loss caused by ~~ of the curves on these canals would be insignif
icant. However, analyses of data from test reaches where many curves 
occur in a short distance indicated significantly higher lin" values. 
Examples of such reaches are shown for the Friant-Kern Canal in 
Figure E-2 and for the Charles Hansen Canal in Figure 1-2. 

19 



Table 1 

Sinuous 
Curve radius 

Design Curvature No. 
reach Curve deflection 

1\ 
W.S. Av. index of 

Canal length angle width 5E6 curves 

(~) (feet) T Rl./rr per 
Max. Min. Av. Max. Min. Av. (f't) ~ mile 

Main 5,432 52 3 26 1,432 286 693 112 6.2 0.22 8.7 
(below Long Lake) 

Del ta,-Mendota 351,000 98 1 33 1,000 400 553 97 5.7 0.10 3·3 
Main 5,570 75 8 34 358 

(Trail IBke) 
286 344 83 4.1 0·31 9.5 

East Low 8,059 55 23 40 955 573 708 77 9.2 0.15 3.9 

~ 
Friant-Kern 148,910 164 5 44 1,000 140 332 74 4.5 0.23 5.6 

*1l,812 164 18 56 800 280 342 74 4.6 0.38 7.2 
Roza 13,881 132 16 50 2,865 143 766 35 22.1 0.23 5.0 

5,975 145 21 75 498 143 303 42 7.2 0.62 8.9 
Madera 8,052 85 10 34 300 120 206 33 6.3 0.35 11.1 

3,649 37 21 30 300 200 267 33 8.2 0.12 4.3 
Gate~ 3,889 61 19 39 700 125 335 31 10.9 0.25 6.8 

4,169 52 10 25 1,000 150 425 31 13.8 0.24 10.1 
4,262 63 13 40 500 200 351 31 11.4 0.,38 9.9 

Charles Hansen 6,013 88 11 41 1,146 115 409 29 14.3 0.47 12.3 
1,706 48 9 25 1,146 164 614 29 21.4 0.29 12.4 

--

*This length was Test Reach 1, for which data are recorded on F:t.gm-e 20. 
The 11,812 feet is a portion of the 148,91o-foot length shown in the preceeding line. 



Manning's "n" values computed from measurements in the 
sinuous reaches were higher than those from straight reaches of the 
same canal in the majority of cases by as much as 15 percent. 
Figures F-8, G-6, H-9, and I-15 show "n" values computed from the 
four smallest canals plotted ~ainst "curvature index." This index 
is a parameter used by Scobey&J for describing the sinuosity of a 
500-cfs rectangular concrete flume. In its original form the cur

'£6.0 

vature index vTaS expressed as 200 L)lOO . 

~ This expression reduces to the form L which is 
1 

used henceforth in this Memorandum. A curvature index of 1.0 is 
equivalent to 1 0 of deflection angle for every 5 feet of canal 
length. A curvature index of 1.0 would also be equivalent to one 
20· deflection angle for every 100 feet of channel. Such severe 
curvature is seldom encountered in any appreciable length of large 
irrigation canal. Sinuousity of the very large canals usually will 
not exceed that of the first 66 miles of Delta-Mendota Canal. This 
length has an average curvature index of 0.10 which amounts to 200 of 
deflection for each 1,000 feet of length. 

Scobey suggested that "n" values be increased 0.001 for 
each 20· of curvature per 100 feet of concrete flume. This meant, 
when the curvature index was equal to 1.0, that an Itnlt of 0.014 
should be increased about 7 percent to 0.015. By this procedure, 
he reasoned that the increased flow resistance created by curves 
could be distributed along the entire length of channel and expressed 
as increased roughness. Computed "n" values for the Charles Hansen 
Canal, the smallest of the nine test canals described herein (where 
hydraulic radii were ccmparable to the radii of the flume tested by 
Scobey) showed considerable scatter but generally substantiated his 
suggested rule. 

Sh~ discussed many of the factors affecting losses 
in open channel bends. He performed detailed laboratory flume 
studies concerning flow characteristics around bends, but his work 
was confined to short radius curves and was accomplished at smaller 
Reynolds' Numbers than those encountered in the prototype tests 
described herein. From the results of both Shukry and Garbrecht!.i , 
it can be concluded that on long radius curves, ~ IT greater than 

5, and with Reynolds' Numbers greater than 105
, only surface rough

ness and curve deflection angle, 6., have Significant effects on head 
loss coefficients. Surface roughness was similar in all of the 
large concrete-lined test sections described herein, leaving curve 
deflection angle as the most significant remaining variable involved 
in computing bend loss coefficients. 
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The water surface profiles obtained for the series of tests 
described in this Memorandum show the overall effect of canal curva
ture. Sufficient time was not available to make cOOl]?rehensive studies 
of the individual effects of a particular curve or to study velocity 
distributions within a curve. In the data analyses it was therefore 
necessary to estimate curve losses and to compute matChing backwater 
curves using "nil vaJ.ues measured in straight reaches. Ccmpa.rative 
water surface profiles in which allowances for curve losses were made 
have been ccmputed for the Main, East Low, Friant-Kern, and Charles 
Hansen Canals at the time of this writing. The best comparisons to 
date have been found to exist when incremental head losses caused 
by curves (he) have been expressed as a coefficient (K ) times the 
summation of deflection angles in a reach times the V~OCity head, 
he :: Ke(L:t. 0) hv' 

Preliminary results frcm backwater curve ccmputations 
show that the energy loss for canal curves (over and above that in 
a straight reach) may be approximated when Kc == 0.001. Shown in 

Table 2 are examples of the magnitude of estimated head loss for 
one curve with t.:: 45° in three of the test canals, ccmputed using 
the formula he - 0.001 (45°) hv. 

Table 2 

Velocity 
Design head Estimated 

Canal velocity hv curve loss 
(ft per sec) (feet) (feet) 

Main Canal 12.21 2.32 0.104 
(Trail Lake Reach) 

Gateway Canal 4.99 0·39 0.018 

Delta-Mendota Canal 3.75 0.22 0.010 

Further data analyses may reveal that slight changes in 
the value of Ke are necessary over a range of canal sizes. 

Magnitudes of depth increases across the most severe 
(largest t. and shortest radius) individual curves in the test 
canals were estimated to be 0.2 to 0.3 foot. The majority of curves 
probably created added losses of less than 0.1 foot each. However, 
the accumulative effect of a series of curves in a short length of 
channel was found to be Significant, especially at the upstream end 
of the Friant-Kern Canal. Here, curve losses in one reach, cOOl]?Uted 
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by the equation he = 0.001 (~L\O)(h.,), were sufficient to cause an 
increase in average depth of about 0.9 foot. This amounted to 6 per
cent of the design depth of 15.2 feet. Vertical freeboard allowances 
from normal water surface to top of concrete lining in the nine test 
canals ranged from 1.0 to 2.8 feet. 

The percentage increase in depths due to added curve losses 
was even greater in the high velocity (10 fps) Charles Hansen Canal. 
This canal was designed at the relatively high Froude Number of 0.84. 
Under these conditions, where velocity heads are large, a small. 
change in energy head results in a substantial change in depth. 
CUrves , tranSitions, and obstructions such as piers, which tend to 
disrupt the normal velocity distribution pattern, create considera
ble amounts of wave action. This wave action becomes a more impor
tant element for design consideration when flm. velocities exceed 
8 fps or Froude Number (IF) approaches 1. O. For photographs of flw 
conditions in such a channel the reader is referred to Section I 
on the Charles Hansen Canal in the Appendix. Extensions of con
crete lining were required on sinuous parts of this canal after con
struction was completed. Wave action and "ride up" of the water on 
the outside of curves was greater than anticipated. 

GarbrechtfJ and Ch~ provide discussions of backwater 
effects of curves in a channel. Briefly, the energy gradient through 
a curve rises more steeply than that in the straight section of chan
nel downstream. The additional energy required to move the water 
through the curve results in an increase in depth upstream of the 
curve. The increased depth causes a slight reduction of friction 
slope in the channel. If an M2-type Backwater Curve (Figures E-5 
and E-6) exists at the channel curve, all of the rise in water sur
face is reflected upstream. In this case, water depth increases in 
an upstream direction until normal. depth is attained. If an Ml-
type Backwater Curve exists at the channel curve, the entire curve 
loss is not reflected upstream because the water depth is tending 
to decrease to the normal value. 

Overall effects of curve losses on the average depth of 
.J.W in a given reach of canal depend on the ratio of curve losses 
to other losses within the reach. In steep slope canals, the 
upstream reflection is less than that for flat slope canals. In 
other words, the effect is greatest in large canals where the ratio 
of velocity head to friction slope is greatest. 

The effect of "extra" losses such as. those caused by curves 
or piers on the average unifor-m flw depth in a reach of canal can 
be approximated by the expreSSion d. df(h/hf)N where d is the 

"average" depth; d f is the depth due to boundary shear or friction 
only in a straight, clean, unobstructed canal; h t is the head loss 
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due to friction only in the reach under considerationj h is the 
total head loss due to friction, curves, piers, and other obstruc
tions (computed for the same depth as was hr ) and N is a vari
able exponent. The value of N for canal sections with 1-1/4 or 
1-1/2 to 1 side slopes varies from about 0.29 for B/d ratios of 
5 to about 0.26 for B/d ratios of 2. A reasonable first approxi
mation can be made using N equal to 1/4. Local effects of the 
"extra" losses can only be obtained by detailed bach.V/ater curve com
putations. 

PIER LOSSES 

\fuen restrictions are placed in open channels, velocity 
distribution patterns are changed and additional energy losses occur. 
The resulting effect in subcri tical flow canals is that of an 
increased water depth upstream from the restriction. Several equa
tions can be found in the literature for computing the energy loss 
or water surface rise caused by piers in the flow prism. For the 
analyses described herein the expreSSion hp = ~hv was used in 
which hp is the incremental head loss caused by piers, ~ is the 
pier loss coefficient, and hv is the velocity head in the unob
structed canal section. 

Many model tests have been made to determine the rise in 
water surface across various types and configurations of ~~~rs. An 
excellent assembly and evaluation of data on this subjec~ have 
been published by the Bureau of Public Roads. Information from 
this PUbli~f~ton has been fUrther condensed into a hydraulic design 
publicatio • Figure 7 on page 10 of Reference 19 is a chart 
from which a backwater coeffiCient, K, can be selected to ccmpute 
the rise in water surface across piers of various shapes and arrange
ments. This chart shows Kp values to be a fUnction of the amount 
of channel contraction at the piers. The "contraction ratio," 
signified by the letter J in this Memorandum, is defined as the 
ratio of the flow area obstructed by piers to the gross area of the 
flow prism. This ratio is usually quite small for irrigation canal 
structures. Typical values of J varied from 0.018 for a single 
pier bridge in the Friant-Kern Canal to 0.055 for a twin pier over
chute in the Delta-Mendota Canal. However, canal structure con
figuration should be considered before J values are computed. 
(The procedure for ccmputing J values for check and other type 
structures is described on pages 23 and 24 .) 

To determine the magnitude of rise in water surface caused 
by prototype piers in canal sections, differential water surface 
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measurements were made across SQIlle 20 typical structures. These 
measurements were extremely difficult to obtain because of the min
ute differences in water surface elevation which occurred. For 
instance, on the Delta-Mendota Canal, normal head loss in a 40o-foot 
reach of canal at design flow was about 0.02 foot and pier losses 
were about 0.02 foot. Accurate measurement of a total fall of 
0.04 foot in locations where 0.2o-foot waves were often encountered 
proved to be a :frustrating experience. Figure B-16 shows crews 
making measurements across a timber bridge on this canal. 

Results frem measurements across 20 canal structures with 
piers in the flow prism are s1.lIlmlarized in Figure 11. A great vari
ety of pier configurations, sizes, and shapes existed in the test 
channels; therefore, results have been generalized. The values of 
Kp shown in Figure 11 can be used to estimate the rise in water 
surface across piers of the types utilized for tests. Values of 
~ for design may also be obtained frem Reference 19. Pier losses 

- 19/ 
computed using-- were generally about 20 percent higher than the 
values measured in the test canals. Therefore, it is recanmended 
that values of ~ obtained from Figure 7 of Reference 19 be multi
plied by 0.8 when used for low velocity trapezoidal canal sections. 
Values of J should be computed as outlined in the following para
graphs. 

As indicated in the notes at the bottom of Figure 11, 
contraction ratios (J values) for various structures were defined 
in several ways. vlhere the velocity distribution pattern across 
the full width of the structure is expected to be little different 
from that in a straight unobstructed reach of canal, the normal con
cept of contraction ratio based on the flow area at the structure 
is expected to apply. Values of J and hp for this condition, 
where the gross flow area through the structure is equal to or less 
than the area of the unobstructed canal section, should be computed 
as follows: 

Total projected area of piers, curtain walls, stop
logS or other obstruction normal to flow 

J 1 - ----~~~~~--~~~~~~----~----~~--------Gross area of section normal to flow at structure 

CO'III.pUte ~ USing hv based on velocity through gross area 
of section at structure. 

25 



The contraction ratio is more difficult to define in check 
structures where an expansion in the flow prism occurs such that 
separation or greatly reduced velocities will occur near the sides 
of the structure (Gateway Canal Check shown in Figure H-4, Appendix). 
With this type of structure configuration, curtain walls, stoplogs, 
or s1m1lar obstructions in the expanded area near the sides are 
expected to have only a minor effect on head loss through the struc
ture. In this Situation, where velocities near the center of the 
structure are essentially the same as those in the adjacent unob
structed canal section, the largest contraction ratio computed by 
either of the following two equations should be used. 

Area of flow prism in unobstructed canal. section minus 
mbstructed f'J.ow area through structure 

J2 I: Area of flow prism in unobstructed canal section 

Horizontal thickness of one structure pier normal to 

J = flow 
3 Horizontal center to center distance between structure 

piers normal to flow 

J 3 is computed using dimensions of a typical center bay of 
the structure. Coorpute hp using by existing in 
unobstructed canal. section 

In other check structures designed by the USBR (Del ta
Mendota Canal checks shown in Figure B-21) the canal flow prism has 
been expanded at the structure with streamlined transitions. In 
this case, a significant velocity is anticipated to occur near the 
sides of the expanded section. lihere the angle of flare of these 
transitions does not exceed 15 0

, values of Jl. and J2 should be 
computed. When J2 is larger than Jl.' J2 should be used to com
pute hp• When Jl. is larger than J2 , an average of the two 
values should be used to campute hp• 

Values for J and Kp shown in Figure 11 for Gateway 

Canal check structures were based on a single center bay (J
3

) while 
those for checks in Delta-Mendota Canal. were computed using J2 • 

Figure 11 and Reference 19 show that losses across multi
ple post piers can be more than double those across solid piers having 
streamlined noses and tails. (The significance of pier shape on 
backwater effects is discussed in Reference 20.) The narrative dis
cussion for Delta-Mendota Canal in the Appendix describes prototype 
pier modifications made to reduce head losses in this canal. Typical 
modifications are shown in Figure B-7 of the Appendix. 
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Reference 19 contains a recommendation for computing J 
values for piers having sway bracing on the sides. It is stated 
therein that Kp be selected using a J which is ccmputed using 
the total projected area (normal to the now) of both posts and 
sway bracing. This procedure yielded values of Kp substantially 
higher than the values obtained fram measurements across the bridges 
listed in Figure 11. A more reasonable correlation of results 
existed when J values were computed for only the post widths and a 
loss for sway bracing was added. The additional loss was derived 
using a J value ccmputed assuming the sway bracing width to act 
as a single, solid, round-nose pier. 

Table 3 includes examples of the estimated rise in water 
surface across a 20-foot concrete bridge with two round-nose, solid 
piers. The values were ccmputed using design velocities from three 
typical canals. The contraction ratio at this bridge was assumed 
to be 0.04. ~ was assumed to be 80 percent of the value shown in 
Figure 7 of Reference 19· 

Table 3 

Velocity Rise in 
Design 

head water surface 
Canal velocity 

(~) 
Kp across 

(fps) 7~ers 
'ft) 

Main Canal 12.21 2.32 0·05 0.12 
(Trail Lake Reach) 

Gateway Canal 4.99 0.39 0·05 0.02 

Delta-Mendota Canal 3·75 0.22 0·05 0.01 

Backwater curve ccmputations in a given channel are neces
sary to demonstrate the accumulative effect of head losses at piers 
on the water surface profile. The overall effect of pier losses on 
the average depth in a reach of canal depends on the ratio of the 
pier losses to all other losses in the reach. The effect is similar 
to that previously described for curve losses. 

Several bridges on the Delta-Mendota Canal were located 
in the center of "s" curves in canal alinement. other bridges were 
located on short tangents between curves so that shorter and less 
costly 90° crossings could be built. Measurements across these 
types of crossings and adjacent curves indicated losses which were 
about double those obtained across similar bridges in straight 



reaches of canal. Some of the additional loss was undoubtedly 
caused by the changes in velocity distributions created by the curves 
in canal alinement and should not be attributed solely to the piers. 
As previously mentioned, it was extremely difficult to measure accu
rately the small increments of head loss in this flat slope canal. 
Therefore, the precise effect of canal alinement on head losses at 
piers could not be determined. 

It has often been a common practice to provide for 90 0 

structure crOSSings when the alinement for an irrigation canal is 
prepared, the purpose being to cut down on span lengths and reduce 
structure costs. If this practice is folloved, the increased head 
losses caused by curves and piers should be computed and considered 
in the hydraulic design. If water for the canal is to be pumped or 
little additional head is available, an economic comparison should 
be made to find if straight alinement and skew structure crOSSings 
should be used. 

SIPHON LOSSES 

As part of the water surface profile measurements in the 
open channel portions of the test canals, several head loss measure
ments were made across large inverted Siphons Which were adjacent 
to the test reaches. In general, the head losses across the Siphons 
were less than allowances made in original designs. Detailed 
results of the measurements across eight Siphons on the Delta-Mendota 
Canal are given in Figure B-6. Measurements across two Siphons on 
the Friant-Kern Canal, four on the East Low Canal, and one on the 
Gateway canal are described in the narratives of the Appendix. 

At Siphons where losses were less than allowed in deSign, 
overcapacity existed and nonuniform flow conditions were created 
upstream. The overcapacity resulted in lower canal depths upstream 
of the siphon than those at the downstream end. In effect, a tlsafety 
cushion tI existed in the canals where long Siphons occurred at fre
quent intervals. 

More detailed measurements will be required before the 
causes of Siphon overcapacities and the wide variations in results 
can be definitely established. 

FUTURE RESEARCH 

This Technical Memorandum summarizes the measurements 
made through 1962 in concrete-lined canals only. It extends the 

28 



knowledge of flow resistance to rigid bounda.ry channels of larger 
size than have heretofore been documented by the USBR. Many problems 
concerned with the capacity tests remain unanswered and techniques 
used for tests measurements can be improved. Therefore, additional 
research work should be accomplished on the following: 

1. Methods of more accurately determining discharge in 
large open channels. 

2. Determination of energy losses, boundary shear distri
bution, and velocity distribution on curves • 

.3. Measurements of prototype head loss across piers. 

4. Determination of more economical and effective methods 
of eliminating or controlling the growth of filamentous algae 
and fresh water clams. 

5. Definition of "surface roughness" by means of profilo
graph equipment similar to that used on concrete highways and 
airport runways. 

6. !Jnprovement of underwater photographic techniques to 
document the extent of algal growth on a lining surface and the 
effect of velocity thereon. 

7. Elcplanation of how filamentous algal growth changes 
boundary layer turbulence and effects flow resistance. 

8. Documentation of possible changes in flOW' resistance 
in concrete-lined channels due to aging of the lining surface. 
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CONCLUSIONS 

As a result o~ prototype tests on the nine large concrete
lined canals described in Figure 1 it is concluded: 

1. Flow resistance in the ~ive largest canals (hydraulic 
radius 9 to 14) was greater than anticipated in the design. 
VaJ.ues of Manning' s lin 11 computed ficm tests on these canals gen
erally ranged between 0.015 and 0.019. (Manning's "n" values 
used ~or design ranged fran 0.0137 to 0.0152.) 

2. Flow resistance in the four smallest canals (hydraulic 
radius 3 to 7) was close to that anticipated in the original 
design. Values o~ Manning' s lin" computed fiom tests on these 
canals generally ranged between 0.013 and 0.016. (Manning's 
"n" values used ~or design ranged ficm 0.0141 to 0.0145.) 

3. The effect o~ size on values of Manning' s Itn It and fiic
tion ~actor "~" ~or straight clean reaches of concrete-lined 
canal was slight and is shown in Figures 5 and 8. 

4. Values of friction factor "f" ficm clean straight 
reaches of the concrete-lined canals were generally 30 percent 
higher than the bulk o~ those measured by other investigators 
in large circular concrete-closed conduits at the same Reynolds' 
Number. Aquatic growths, coatings on the lining, construction 
methods and/or a shape factor probably account for all or a 
large part of this di~~erence. 

5. Aquatic growths or coatings of various types were 
found on the surfaces o~ the concrete lining in all nine test 
canals. The amount and type of growth depended mainly on cli
matic conditions and the canal water source. The extent of sur
~ace coverage varied both seasonally and annually in a given 
channel. 

6. Filamentous algal growth on the lining sur~ace increased 
flow resistance and caused it to vary seasonally in the clear water 
canals. Manning's "n" values increased as much as 40 percent on 
Columbia Basin Project canals during one irrigation season. The 
greatest amount of growth of this algae usually occurs in warm 
weather during peak delivery periods. Biweekly copper sulfate 
treatments of 2 pounds per cfs throughout the entire water deli
very period were ef~ective in controlling, but not in completely 
eliminating, this type o~ growth in the Central Valley Project 
canals. Virtually constant "n" values were obtained in canals 
which were treated in this manner. Flow resistance due to algal 
growth also appeared to vary with velocity. 



1. Horizontal curves in canal alinement change normal 
velocity distribution patterns and create energy losses in addi
tion to those which exist in a straight canal. Preliminary com
putations indicate that these extra head losses, due to the long 
radius curves normally encountered in concrete-lined canals, can 
be approxillla.ted by the expression he = 0.OOl(E6°) hv. 

8. Piers or other restrictions in the flow prism con
tribute to overall energy losses in a reach of canal. Losses 
due to piers may be approxillla.ted by the expression hp = Kp ~. 

Measured losses are shown in Figure 11. Losses may be estimated 
by USing 0.8 of the ~ values obtained from Figure 1 of 
Reference 19. 

9. Head losses caused by curves or piers increased canal 
water depths as much as 10 percent over average design depths in 
unobstructed straight reaches. The effect on a given length of 
canal depends on frequency of occurrence of the flow disturbances 
and can be most accurately predicted by backwater curve computa
tions. The effect is greatest in large flat slope canals where 
the ratio of velocity head to friction slope is large. An 
approximate method for predicting the effect of these added losses 
on average depth is outlined on page 23. 

10. As the Froude Number (IF) approaches 1.0, local velocity 
disturbances due to piers and curves are magnified. Surface 
waves and local variations in water surface of as much as 0.8 
foot occurred in the fast-velocity (10 fps) Charles Hansen Canal 
where IF was 0.84. 

li. Cleaning of extensive silt-clam deposits from the 
concrete-lined Delta-Mendota Canal created unexpected maintenance 
expense. In most large lined canals such cleaning has not been 
required, but some 50,000 cubic yards of material were found on 
the invert of this canal in 1960 after only 1 years of continuous 
operation. These depOSits contributed to increased hydraulic 
resistance. A method for cClllputing this effect is outlined in 
Reference 12. 

12 • Hydraulic friction losses in the closed conduit inverted 
siphon portions of the test canals were generally less than antic
ipated in the original design. Because of this, overcapacity 
existed in the Siphons and nonuniform flow conditions were created 
for most test runs. The overcapacity provided a "safety CUShion" 
effect in canals where long siphons occurred at frequent intervals. 

13. The numerical coefficient, 1.486, used in Manning's 
formula implies accuracy of one part in 1.486 or 0.061 percent. 
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Since "n" values used in this fonnula are rarely expressed to 
more than two significant figures, a value of 1.49 will provide 
sufficient accuracy for hydraulic computations. 
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RECOMMENDATIONS 

1. The hydraulic design information and canal operating 
experiences presented in this Technical Memorandum should be con
sidered in the design of large concrete-lined canals. Special atten
tion should be given and suitable allowances made for additional 
resistance to flow in certain reaches of canal when the following 
circumstances exist: 

a. Occurrence of extensive aquatic growths or silt 
deposi ts in locations where chemical control 
treatment or cleaning is not feasible 

b. Frequent occurrence of structures with piers 
which extend into the flow prism 

c. Occurrence of extremely sinuous canal alinement 

2. Further studies should be conducted to record and explain 
effects of aquatic growths on flow resistance, to develop optimum 
control methods for these growths, and to establish accurate cost 
records for controlling growths. 

,) • Efforts should be made to extend the range of prototype 
canal performance data presented in Figures 5 and 8. Additional 
tests on rigid boundary channels of other ages and sizes at higher 
Reynolds' Numbers would be especially valuable. Tests at Reynolds' 
Numbers above 107 would enable more accurate pOSitioning of the 
"Average Data Curve" of Figure 8 and would result in more reliable 
predictions of flow resistance in large canals. 

4. During the design of a concrete-lined canal, consideration 
should be given to the provision of facilities for the exclusion of 
sil. t, particularly fran canals which have slow velocities and those 
which may never be unwatered. The extent of silt exclusion facili
ties should be balanced against cost of future cleaning operations. 

5. Capacity tests on large circular and rectangular inverted 
Siphons in canals should be continued. More detailed measurements 
should be made in an attempt to explain the wide variation of results 
which have been obtained to date and to verif'y present design procedures. 

6. Canal sections with Froude Numbers (IF) above 0.8 should 
be avoided if at all possible. When IF exceeds 0.5, detailed hydrau
lic computations should be made to determine the backwater effects 
due to the following causes: 

33 



a. Local. increases in losses caused by now 
obstructions 

b. Probable variation in friction coefficients 
c. Transitions to higher or lower velocities • 
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RECOMMENDED HYDRAULIC DESIGN PROCEDURES 

The following design procedure for a large concrete-lined 
canal is based on the assumption that it is feasible to keep the 
lining surfaces reasonably clean and free of aquatic growths during 
periods when design discharge will be required. It is also assumed 
that the canal will be kept free of silt deposits. 

Af'ter a design discharge has been determined and shape of 
the cross section has been selected, the hydraulic properties can 

1.49 2/3 1/2 be determined USing Manning's formula Q. AR S. n e 

Figures 5 and 8 are included in this Technical Memorandum to serve 
as a guide for choosing a basic value of roughness coefficient, "nil, 
for reaches of canal which are straight and clean. 

Figure 8 was prepared to show test results in terms of the 
most important variables which affect flow resistances. All signif
icant variables except surface roughness are cembined into dimen
sionless parameters "f" and IR. It has been assumed on this diagram 
that surface roughnesses of mach1ne-pJ.aced concrete lining should be 
similar to that of the nine test canals. The "Average Data Curve" 
shown in Figure 8 was drawn through plots of test data frem 52 indi
vidual tests in straight reaches of the nine canals described in 
Figure 1. These tests have been marked with asterisks on the Pro
totype Test Data Summary Sheets. An equation for a straight-line 
least squares fit of the 52 plotted points in Figure 8 was obtained. 
This line provides "f" values within 2 percent of the flAverage Data 
Curvet! which is shown. 

Reccmmended steps for use of this Memorandum in design 
are given below: 

1. Determine preliminary canal section USing Manning f s 
formula. Assume a basic value of "n" for a straight reach of 
canal using Figure 5 as a guide. 

2 . Estimate water temperature which will occur when design 
discharge will be required and obtain kinematic viscosity, v, 
from Figure 10. (Water temperatures taken during tests in canals 
of the Western Un1 ted States are given in Prototype Test Data 
Summary Sheets.) Compute Reynolds' Number m = 4RV / v • 

3. Enter Diagram 1 of Figure 8 with computed m value 
and check original assumption of basic "nfl utUizing procedures 
outlined in the lower right-hand corner of the figure. 
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4. Repeat procedure outlined in Figure 8 until the desired 
accuracy of results are obtained. 

5. Estimate "extra" head losses due to curves, :piers, and 
other restrictions as outlined in Conclusions 7 and 8 of this 
Memorandum.. 

6. Isolate reaches where "extra" losses are exceptionally 
high. Adjust hydraulic properties of section to accamnodate 
these losses. Backwater curves should be prepared to provide the 
most accurate prediction of the effect of these losses. For long 
reaches with uniformly distributed losses, depth will approach 
approximations made as outlined on page 23. The fact that back
water effects often extend for miles upstream in flat slope 
canals should not be overlooked in setting a freeboard allowance. 

7. Compute Froude Number, IF = J V 2 T/ g A • 
baclnm.ter effects in high velocity canals when 
than 0.5. 

Check local 
IF is greater 

Following are three other helpful "rules of thumb" which 
were derived frem test analyses: 

1. If it is not feasible to control aquatic growths on 
lin1ng surfaces during periods of peak deliveries and velocities 
are less than 10 fps, the basic rtn " chosen in step 1 should be 
increased. The type of aquatic growth which will be expected to 
occur should be investigated and reference made to Test Data 
Stmu:nary Sheets and Figure 6 in chOOSing a higher "n. rt 

2. For sinuous reaches of intermediate size canals 
(hydraulic radii between 3 and 5) increased flow resistance due 
to curves can be approximated by a factor which varies with 

~ "curvature index, II a parameter equal to L~ • The product of 

( ~.) (0.001) is added to the basic straight reach "n" obtained 

from Figure 8 to determine the approximate increased value. Pre
vious design procedures which neglected effects of curvature have 
been satisfactory for canals with hydraulic radii less than 3 .0. 

3 • Freeboard allowances for concrete-lined canals, based 
on judgment and operating experience, have been established and 
are provided in various design manuals. These values should be 
checked for adequacy whenever they are used for a particular 
canal. Based on analyses of capacity test data, the minimum 
freeboard allowance fran design water surface (computed with a 
basic lin") to the top of the concrete lining should be sufficient 
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to conta.in design discharge at the theoretical depth canputed 
using basic "n" p1.us 0.003. (This procedure can be approximated 

design water depth ) 
by the expression freeboard.. 1.0. Additional 

freeboard all.owance should be provided in reaches where frequent 
alinement curves or piers are present, especiall.y when adjust
ments in invert grade have not been made for these losses. 

An example prob1.em for the design of a large concrete-
1.ined canal. follows: 

Given: 48-foot-wide trapezoidal-shaped cross section 
1.-1./2:1. side slopes 
DeSign discharge (Q) .. 4,600 cfs 
Invert slope .. 0.00005 
Water temperature at time of year when design 

discharge is required = 76 0 F 
Kinematic viscosity, v, fran Figure 1.0 .. 

0.98 X 1.0-5 ft2/sec 
Manning's formula to be used for hydraulic 

design 

Estimate "basic straight reach n" to be 0.01.50 from Figure 5 

COOlPUte the following hydraulic properties: 

d .. 1.7.30 ft, A = 1.,279 ft2, R = 11.59 ft, v .. 3.60 f):>s 

Ccmpute [R .. 1.70 x 107 

Enter Figure 8 and check original assumption for "n". 

As Figure 8 shows "n" for R = 11.59 to be 0.01.54, the 
original assumption was within 2.7 percent of the value shown by 
the I1Average Data Curve." Adjustment of the canal. section for an 
"n" of 0.01.54 provides the following hydraulic properties: 

d l1li 1.7.54 ft, 
2 A .. 1.,303 f't , R .. ll.72 ft, V .. 3.53 !ps, 

The effect of brid8e piers and canal alinement on water 
depth in this canal. can then be estimated. The following conditions 
are assumed to exist and an example for use of the equation on 
:page 21 is presented. 

Given: Canal. with sufficient 1.ength for uniform flow 
conditions to be established 



An average of two bridges per mile 
Average ~ per bridge - 0.10 
Canal alinement sinuosity amounts to 20· of curve 

deflection angle per 1,000 feet of canal length 

Find: Total head loss and water depth in 1,000 feet length 
of canal in reach where uniform flow cond1 tions 
prevail 

Solution: Head loss due to boundary shear (friction) in a 
straight reach of canal flawing a.t 17. 54-foot 
depth 

h t = 1,000 (0.00005) = 0.0500 :rt 

Head loss due to bridge piers 

~ .. ~h., -= (2)(O.10)(O.194)(1,000/5,280) • 0.0073 :rt 

Head loss due to curves 

Total head loss in 1,OOO-foot length 
of canal 

lIZ 0.0039 :f't 

0.06J2 

USing the equation given on page 21, d • dt{h/ht)N, the canal water 
depth which w1ll exist in an infin1 tely long reach with the assumed 
conditions w1ll be d = l7.54{0.0612/0.(500)0.29 .. (17.54){1.064) • 
18.66 :f't. 

It is emphasized that water will reach this depth only if 
sufficient length of canal is available. In canals built on 
extremely flat slopes (i.e., the example slope of 0.00005), this 
length may amount to many miles. 

The ef':f'ect of water temperature on flow resistance can 
also be obtained fran ~e 8. If design discharge occurred at 
56- F, v = 1.28 X 10-5 ft /sec and IR -1.29 X 107 • Figure 8 shows 
Ifn If for this condition to be 0.0151. This indicates a 2.0 percent 
increase in "n" for a 20· drop in water temperature. 



EXPLANATION OF PROTOTYPE TEST DATA SUMMARY SHEETS 

The Figures 12 through 27 are Prototype Test 
Data Summa.ry Sheets. The information presented in these sheets 
provides brief descriptions of 243 tests made in the 9 concrete
lined canals shown in Figure 1. Each test has been assigned a 
reference number which is shown in the first column. other listed 
information includes properties of each test reach and eanal section, 
method of discharge measurement and water temperatures which existed 
during tests. Computed values of Manning's "n", friction factor "f", 
and Reynolds' Number m I are shown for each test. Representative 
values of Reynolds' Number mElt' Froude Number 1F I and Chezy C are 

shown. Pertinent ccmments concerning tests are shown in the Remarks 
column. 

Analyses of data are continuing and it is possible that 
minor changes ID8\Y be made in values of "n", f, IR, IR

Elt
, IF I and C. 

These changes will not be of sufficient Significance to affect con
clusions set forth in this Technical Memorandum. 

In the opinion of the writers, values of fin" and flf" shown 
are within ± 2 percent of actual. values for all canals except the 
Delta-Mendota Canal. Representative test data !rem this canal. are 
shown in Figures 14 and 15. Accuracy of canputed values of flnfl and 
"f" !rem this canal is probably ± 4 percent due to the many vari
ables which influenced flows. These conditions are described in the 
Delta-Mendota Canal narrative of the Appendix. 

Two of the main factors which influence the accuracy of 
results !rem flow tests in canals are the method of discharge meas
urement and the ablli ty to hold steady flow. Extreme care was taken 
to measure canal discharges 'With the best ava.il.able current IDe'ter 
equipnent, and canal water stages were held as constant as possible 
during the test periods. The desired degree of refinement for both 
of these factors was not always obtained. Therefore, when more than 
one current meter gaging was made during a test, an average value 
was used for ccmputing test data. Similarly, a few slight adjust
ments to measured water surface elevations were made when water 
surface recorder charts indicated riSing or falling stages of a 
significant amount. These adjustments are described in the Remarks 
column of the Prototype Data Summa.ry Sheets. 

Canal cross sections and invert grades were surveyed in 
portions of all test ca.naJ.s. These measurements are described for 
each canal in the Appendix. In general, areas of surveyed cross 
sections were within ± 1 percent of the design area. Little varia
tion in cross sections was noted during inspections of the unwatered 
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canals although a s1ight waviness of the invert was observed in 
several 1ocations. This characteristic appears to be a randcm 
occurrence inherent in ma.chine-pl.a.ced 11nings. 

Average hydrau1ic radius was used to ccmpute "nIt, f, IR, 
mElt' and C. No corrections were made for changes in velocity 
distributions between measuring stations j i. e., the ve10ci ty dis
tribution coefficient was assumed to be 1.0. COOIpUtations 'Were 
made by s1ide ru1e and carried to three p1aces. 

Backwater curves existed for most tests. Where the ccm
puted energy gradient (Be) was 1ess than 95 percent of the canal 
invert s10pe (S), an Ml..-ty:pe Backwater Curve is iM1cated on the 
summary sheets. Where Se was greater than 1. 05( S), an M2-ty:pe 
Backwater Curve is indicated. 

The USSR is continuing additional. capacity tests in not 
only concrete-1ined canals but also in earth channe1s and c10sed 
conduits. This information will be pub1ished and made avallab1e 
for distribution as sufficient new information is collected. 
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4Rv 2R'2V Se9 ffii'T V OJ 00 LI 2 I;: - ___ '" --' 
=L49Ri'3S/ :: 8RSe9 V --V--- 9A \fRs:. ~ a. 

(X '0-') V V' IXIO') Ix 10') RS. (ft) 

865 43 MI 
- !---i·-

M2 

1----. 
2900 51 MI 

~c_5c-+_-,5_4_f-'.:..M-,-/-l '" '" 
~~ 

f---t---f---j ·G ... 

I---:-=-::-I----+--_i .~ () 
f-5_4_3_5~-6-1-+-~-1,,2-1 ~ ~ 

I------t----r---~~ ~ 

1-------
5855 62 M2 

I---f-- --

-- ----t---
5735 59 M2 

r---/----. r---

-----e6O -4--3--+-M-
2

--i 

2105 42 M2 

1855 4Sr--;;-
----1---

--t---- ~-
2895 51 MI 

t-~-j--- r---

3600 54 MI 

Unt~~ 
5430 6/ flow 

----t----r--

" 

(ft.! 
A /317.981312.53 5.45 317 4.55 2.73 O. II 6 

4.57 2.71 0.114 0..425 7.82 0.0133 --.. -t-~---11-------1------- ----- --~ 1-----. ,----
D 1317.561312.06 5.50 320 4.59 2.70 0..113 

A 21.47 8.94 567 6.89 3.72 0.215 

0.0125 3.14 

6.85 3.75 0.2~/9~i~0~.~6"o."9~/~/~.2~~~0~.0~/5~2~-i-,,o.~.o.~/~4~0-i~6-,-.4~0~ ______ -+ ______ t-____ ~ 
o 20.86 8.80 556 6.81 379 0.223 

~~.8_4+_t---+--/4.31 1023 10.07 1.82 0.052 

10..17 1.79 0.050 0.096 1.77 

D 26.74 14.68 1057 10..27 1.76 0.048 

A 27.45 14.92 1080 10.40 2.69 0.113 

10.46 2.67 O. III 0..303 5.58 

D 27.16 15.10 1097 10.51 2.64 0.108 

A 28.29 15.76 1161 10.86 3.11 0..150 

10.90 3.09 0../48 0.343 6.31 
f--+--~-t--4__l~~+_~-t-~~f--~-+--

15.89 1173 10.93 3.07 0./47 D 27.95 

A 29./4 16.61 1244 11.32 4.37 0.297 

II 29 4.39 0..300 0..605 11.1 

D 28.53 16.47 1230 11.25 442 0.304 

A 29.96 17.43 1327 II 76 4.68 0.341 

11.72 4.'71 0.345 0.617 11.4 

D 29.33 17.27 1311 11.68 4.74 0.349 

A 29.78 17.25 1309 11.67 4.0.9 0.260 

00.164 

0.0.199 

0.0188 

0.0180 

0.01·74 

0.0/44 4.76 i.O I 0.095 134 

0.0210 8.06 

0.0186 10.2 2.46 O. / 5 7 118 

0..0166 16.6 

0.0155 /9.1 4./9 0231 129 

:---
D 29.24 

11.65 4.10. 0.261 0.534 9.83 

17.18 1302 11.63 4.11 0..263 

0.018~5~-4~0~.0~/7~6~~/7~.~7-4 ______ -+ ______ ~ ____ ~ 

A 29.03 16.50 1233 11.27 3.69 0.212 
~·~~·~~--l--l-1-~~~-1-~~+-'/~/~.2~8-+~3.69~~2·~/2~-0~.-4--4-7~8--.2-3-+--0~.~0-18~4--1--0-.0-1-7~5~-/~4~.6~+-------+------+----.-t 

--f-~-+--- -. ---f-o 28.58 16.52 1235 11.28 3.68 0.211 

17.03 1287 11.55 4.55 0.322 

f----I---+--l-+----+---t--/-C..I .. 50 458 0.326 0.629 11.6 

A 29.56 

o 28.92 16.86 1269 11.45 4.61 0.330 

A 29.50 16.97 1280 11.52 4.57 0.325 

11.48 4.60 0..329 0.616 11.3 
f--l-~-+__I~f--~-+--~-+--

D 28.88 16.82 1265 11.44 4.63 0.333 

A 29.1/ 16.58 1241 11.31 4.62 0.332 

11.26 4.66 0.338 0665 12.2 

o 28.44 16.38 1221 11.20 4.70 0.343 

0.0179 0.0164 17.9 3.97 0.22-,"8-+_1,,2-,"8__+ 

0.0176 00158 17.9 

0..0177 0.0161 17. I 

~ 2,"9~.~0~6+--+ __ +~16~.5~3~~/~2~3~64_~/~/.~2~8-t-4~.~6~4~o.~.~3~35-+~ __ -t ____ -t ________ -+ ______ -+~~-+-______ t-____ -+ ____ --l 
11.23 4.68 0.340 0.655 12.1 0.0176 0.0160 17./ 

o 28.39 16.33 1217 11.18 4.71 0..345 

I--A__t-=2,-6~.2,,-,-3t-+-/-13--. 70 967 9.72 2.06 0.066 

9.80 2.0.4 0.065 0.719 3.30. 0.0192 0.0/99 6.30 

o 26.05 13.99 993 9.89 2.01 0.063 

I--A_4...:2:.../-.6-4+.-t-+~9.11 580 7.00 3.28 0.167 

~ ____ +--lt-_-I-____ -t __ ~+~6~.~9~5+~3~.~3=2~0~.~/~7~/4_0~.~6~/6~~/1~.3=--+-~0~.~O...:/-,-7~3 __ +~0...:.0~/~8~44_-=6:....-=7...:41-------+------+------+ 
D 21.01 8.95 568 6.90 3.35 0.175 

A 1318.761312.53 6.23 370 5.10 2.-=5-=8-to.:....-1-0-4-t __ + __ + _____ -t ____ -t __ 4_---+----i----l 

5.06 2.61 0..10.6 0..571 10.5 0..0173 0.0200 3.99 1.00 0.198 113 

o 1318.181312.06 6.12 362 5.02 2.64 0..108 

E 1316./81310.86 5.32 30.8 4.46 2.79 0.121 
f--+--~-t-~__l,----------r-~~~~~.~~~~~~f__,~~--+~~-,I---~+-~~+-~~+_~__+ 

4.46 2.79 0.121 0.604 10.8 0.0151 0.0.159 315 

G 1315.58131026 5.32 308 4.46 2.79 0.121 

E 19.49 8.63 543 6.70. 3.88 0.234 

f---+ ___ -t-4_+ __ + ___ +-._.6:....~7,..04_.-.3:....8=8 rE:-2~ 0.610 10.9 

G 18.88 8.62 542 6.69 3.88 0234 
0.o./4~:/ __ -+_0~.0~/=2~5_f-"6-=.4~6~-------+------l/------1 

.~_c!-_6._.5_7/-+-/-15-.-7i 1156 10.84 1.60 0.040. 4.52 

f---+ ____ -t-4 __ + ____ -+. ____ +-10:... . ...:9_8-+ __ I . ...:5...:7-t...:0_.0~3~8+-o....:.0...:8...:54_~1.~5_1+_0_ . ...:O_I_8_2 __ -t_0_._0_17_4 __ t-___ ~/-____ -i ______ i_----_i 
G 26.49 1623 1207 11.12 1.54 0..037 

0~r!3~~ .. _2_.5:...~0-=0_.0_9_7_·t ____ -+ ____ -t ________ _+-------~----_t------_r----·--/-----i. 
10..97 2.46 0.094 0.207 3.69 0.0182 0.0172 7.77 

E 26.60 1574 

f--+~-I--+~+.~--+------~--+~~~~_+~~+_~-+--=~--~~.~~-l----__j~~~f-~~t--~--
G 26.40 16./4 1198 11.07 2.42 0.091 

~E-+~2...:7~.3...:4+_4-+~/6'-. ...:4c:8+...:12=3~/+ 11.25 2.92 0.133 

f--4---t-t-+----t--+-1,.·1-=.~3':'5-+ 2.88 0.129 0.263 4.68' 

G 27.09 16.83 1266 11.44 2.84 0.125 

0.0179 0.0165 9.92 2.24 0.144 125 

~E-+~2-7-.1-=8+_f-+-16-. 32 1216 11.1 7 4 47 0.311 -I----t---I---------I----=-+-/c:
6

cc.7=--f----4---+---4 

___ +~/-=/~. 1-=8_f--,4:.4...:...:7-+0,,-.-=3-=1-0:-+-0-,5-7-8+-1 0_._3_,_.0._0169 00. 14 9 
G 26.60 16.34 1218 1i.18 4.46 0. 309 

~- 2.!:!E ~086 17 04+,1-=2-=8_8:-/-...:/-=1-=.5...:6,-+_4--=.8,,2,_ ~~ .. ~I +----f----t------+-----i_--:----l-----+-
O
-. -2-3'-'8 -+--__1 

~ _ 11.57 4.82 0.361 0.560 9.98 0..0158 0.0128 19.2 ~-.8--4__t----+-1-4-2--1 

G 27.34131O.Z.~~ 1291 11.58 4.81 0.360 

"' lL~(,!) ° ZZ 
W '')z "'z_ 
.. 0--, 

'" 
(Years) 

REMARKS 

Water surface stage changes shown by recorder charts were not 
considered to be significant for tests except,those on 9-/9-60 
and 9-20-60. On those days a falling stage existed. Computations 
on this sheet were based on observed water surface elevations 
without corrections for all tests. On tests referenced lOA and /fA, 
a. second computation was made based on water surfaces adjusted 
to estimated levels at the time of discharge measurements. 

*Oota from tests marked with asterIsks were used on' Figures 5 and 8. 

CANAl. CAPACIT·Y TeST PROGRAM 
MAIN CANAL - COLUMBIA BASIN PROJeCT 

SUMMARY SHEET 
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UJ 
<)", 
ZUJ 
UJ", 

~ 
~ ____ r-__ ~T~E~S~T~R~E~A~C~H~D~E~S~C~R~ITP~T~IO~N~ __ -, ______ ~ __ ~~~ __ ,-~~~T~E~S~T~M~E~A~STU~R~E~M;E~N~T~S~~~~~~-r ____ ~H~Y~D~RTA~U~L~I~C~P~R~O~P~ErR~T~IE~S~O~F~T~E~S~T~S~E~CrT~IO~N-1ROUGHNESS FRICTION 

WIND DISCHARGE ll! 0: WATER SURFACE 
REYNOLDS' FROUDE CHEZV 

C 0 E FFI C I E NT FA C TOR t-__ N_UT"M_B_E_R_S_-+:.;.N.:.U :::M.:.BE::;R+---,:C=----l ~ ~ 
'" ,. 
~" UJZ 
0: 

It 
DATE lENGTH 

(l,) 

(ft. ) 

HORIZONTAL 

CU RVE 

DATA 

r---
22 

r---
~ f---+---1 CURVEJDEFlECTI01 RADIUSJ 
_~ 8-15-6r 5514 NANGLE RI !!L 
_'0 0 AO (ft) T 

~ ~8-_2-2-~~C-·-.-~r----I----~-S~t-r-al-·g..Jht---~--I f---

'-' 
.~ f---+-+ ... -
cl:: I---r__'''-

24 
.- c: 

9-19-60 
---f---.-

f--- in f--+--1-
f--- cil 1----1---1-"" 

24A 0 9-/~-6 
I---- ~ (--~-+-+~ 

I---- . EO I----i-_t_-
.2 
(3 1-9--2-0-'-6+--1~'-' I-----

~ 

"' f--- '" f---+-+--.j 
-<= 

'25A ~ 1-9--2-0--'6C-t--+~ 
r--- ~ r----+-+~ 
-", 

-~ 
..!!.... -.J ~10,--..:3--6,-C't-+-4 

c:n 
- ~ ~---t--+--l 

- ~ 1---- ---
27 10-25-6 

---- a (----t.~+--l 

-8 

--

,...--
1--
f__-

f__~ 

r~ ,
I----

I----
f-~ 

f---

1--

I----
I-----

1-

--
----

--

--~ 

-

----

-

-
r--
I-----

1-----

1---
1'---
--

I---
--

I---

1-----
--

f---+-----1 

1--

f----t--

1----1-

I---- ----

-+----
--!---

f-----+-----1 
1-----

f-
'--._- --

_.- -----

--1------

-.--f--

-- ----

--- ------

PROPER TI ES 

OF 

DESIGN 

SECTION 

i= 
<I -' ,. 

<I a: 
0: 0 
UJ "
Z Z 
UJ 

" 

Measuring 
Point f 
located@ 
~ta 953-8 

Point G 
@ sto. 
1009+97 

z 
"- UJ 0,. 

UJ 
00: 
0", 

:J: '" ... <I 
UJUJ ,.,. 

>- z I- It: i= ..... I.L..I l-

I- 0 Cl ~ ~: 0 ~ ~ METHO~ Z UJZ 
,,2 
<I .... 
0: <I 
UJ > 
>UJ 
<1-' 

AV. 
.... Z 

WATER AREA ~e 
u i= 0:::E « UJ LLJ 3: Q:: 0 
g ~ ~~~ :l~~~G OF Co. 

ffi 2 
> ... 
Z <I 

DEPTH (A) 
tRs lRu:: 'IF: c= ...J;:' ~ 

Manning's"n" "f" 4RV 2R\vs;g W'T V ~ 6 ~ 
~ ~ ~ ~ ~ I- ~ MEASUREMENT ~ 

~ . (C. f 5.) of. ~ 

> 
UJ > ..J 

(d) 

(ft.) IX 10-') 

2 ~ - 2:-, 
__ 1.49R / s.' • BRS,9 V ---v--- 9 ',. Q. 

A We VI 
V -v-,- (XIO') (X 10') (m.p.h.l 

c:n 
c: 
i3 
'" '-' 

'" '-
Q 

'" '" <.n 

5350 68 M2 
\--.. _--- ---

t---- -.---j--
5850 62 M2 

5730 59 M2 

5730 59 M2 
(-------~ 

1990 57 MI 

1895 52 

950 54 M2 
\---~ -- \--~-

-~---- r---
---- - -- ----

f----- ---r----

_. -_.-

I---- ---- 1-----
--- ---~f--

r--t---- --~ 

f--- ---.. -
(--_.- - -- ---

-.--j.-r__-

(-----t_- ---

- f---t---~ 

~~J~ 
f---- --C---

----(----- -----

---. --f---~ 

t----+--+---

--- _._.- ..... 

~.--- --.-- r----

t-----

r---' 
1---

---1---
-_.-

----

---

UJ 
" UJ (ft.) (ft.') (ft) (fp.s.l (ft.) 

E 1327.79 1310.'c.8c.6~1..::6:::.9..::3-+_1_2_76_t--1_1._4_9+_4._19_ .. t--0_.2_7:-3+-:-=+_-:-+_:-:-- ---1-----1-----1-----1--.---+---1 
11.48 4.20 0.274 0.637 11.3 0.0192 0.0190 17.9 

G 1327.16 1310.62 16.90 1273 -iIASI--;j:20 0.274 

_12_4_1'-1_"_.3_1-+_3_._ 6_6_ r-E:~~ 

G 26.93 16.67 1250 

11.33 3.65 0.207 0.517+~9~.2~1-+ __ O~.~0_19~8~-+~0".0c=2::-.0::.2_t--,--14:,.,,-5_+--~.-+ ___ 1__--1 
11.36 3.64 0.206 

I--=E_t-=2:::7-=.3-=3+--i--+,:.:16:.:..4,:.:7-t-12..:3-O 11.25 4.76_-1 __ 0._3:-5_2+----c+-c-c-+--c---cc--
11.23 4.78 0.355 0.683 12.2 0.0172 --0-.0·C'1-=5-5--l-1:-8-.2--l----

>--G--+--2-6-.6-4-+ '-+--1--
1
-
6
.-
3
'8-+-'-12-2-0-+-1-1.2-.0-+-4--.8-0-+ 0.358 .---+------1--- -+-.. ~-+---~+---+----1 

E 2734 ~~~6:.:..4.:.:8:4~12-=3-1_t-"-.2..:5_t-4-.7.-5_+-=0..:.3-=5..:1_t--_t---_t-------t-----+--_t-----+---t---~ 
11.23 4.77 0.353 0.671 12.0 0.0171 0.0153_1,-,1::-.8:::.2--1_::-.3.:.:-9""8,-+",0",.2:..:3::...9"+--,1,,,3,,,0_ 

G 26.66 16.40 1223 11.21 4.18 0.355 

0.0153 /7.4 
~~ t---~---1~5~.9~1-+~1.:.:'~75~~10~.~9~5+--4~.~88~~0:.:-.3~7.~0+---+---+-----+------I----+------+----t---

0.0/70 4.91 0.375 0.138 13.1 10.91 

G 26.02 15.76 1161 10.87 4.94 0.379 

E 26.77 /5.91 1175 10.95 4.88 0.370 

/5.77 

1---+ __ +.~I__+--+--+_c::10:;.:.9'-'1-+-4:::.9.::.0-+-=0-=.3::.:7-4-t-O".'-72::.8_+-1.::.3 ..... 0,-+_--,-0.,-0-170 

G 26.03 1/62 10.87 4.93 0.378 

0.0152 /7.4 

E 25.77 /4.91 1079 10.40 1.85 0.053 

10.53 /.8/ 0.051 0.143 2.55 0.0199 0.0211 6.00 

G 25.63 15.37 1123 10.65 I.n 0.049 

E 19.44 8.58 539 6.66 3.52 0.193 

661 3.56 0.197 0.772 13.1 0.0173 0.0184 6.90 
t--- ~--r--- -----~---4~~~~~r::.:~-~~~r_=-~---~---t--_t---r---i---t 

G 1866 8.40 526 6.55 3.60 0.202 

E 1316.73 13~0J!6..~.'87 345 4.85 2.15 0.118_+-__ + __ + ____ +---' __ +--+---+_---+-----1 

1-- --- .----+-3-3-4-+----:-::-::-4
4 

.. 7
7

39 22':'-:-:-8
79

4 1-:-
0

0
'.'-122'-5- 0.757 -'-3!~ r---9EI.7s...._ 002~~1--__ 4_.0..:4_1-___ 1._0_4_+_0-.2-1-9-1__-1-10-_l 

G 1315.96 1310.62 5.70 

f--- ~ --1--------

1--

t---1----~--__1----t----t---_4----+----+----r----+_--------t----_+----f------t---~---1----~ 

I--+--+---~-- 1--.-.+--~--_+---4--I--~---4-----_t_-_I_--_+_-_4-----( 

e- .-~I-------------r__--+----1-----f_--+---_+-----t---f_-+--~--+--_4 

t--- -------+----I----+~---+----I----_4----+---_t~-----__1------r--+-----+----+_----1 

I--+---~--.---t___ .. -.----t----+----f-----t--_+----T_.------f-----+_---+----_+-----t---~ 

t--- -~---+----+----+----+----+--~--__1---+-------4-----_t--__1-------1------i----~ 

I--- --1---- .-- f----

I--+----I----~ .... --.--f----+----+----~---~--_+----+_------+_----I-----+----~---_+----~ 

-'--'- - '--- -------f_--+---II----f_--+-_+~---~----'--- ----f_--f_-~---+ 

-I--- -~ ---. ---- _____ 1----__ ----+---+ __ +_--1 
-1-- ----------

1---+---.r---+---~.--+--f_-+---+-__1--~----~---I----f_-+_---+_---1-~ 
--. 

-1---- -.----~ ------- ---f--------f__~--~ 

q): . _- ~_-~=:.._~_.--~_jf--;-~--=--~--:.~~~-:..---=.---".---.-=~ .. t-I---~.--.=-=_---_ .. _-----_+:=--.=---="=_-:-.~--_---.-... ~-.--~-j-:=----= ___ -_"-= -:I--_--~~-_:..=~=--._--~~_-++-~_="=_~-=_=-_~-~=.===:=====::===~::~~~: 
--\---- .--+---+_.-

1---(----
f---I---~_+-----f_---_t_-----+-------I---+-----+_---+_---

f--- ------ ---~ ---- ----.~-.-~ ._-- ._- - - r-----r·------\-----~ -----~~--+----
f__-- ---- f--- .. --.-c----- r--·--r·-----i-------I--- -.--- -- .---~ 

. _-(--- .. 1---- r--- 1----. 
. --. +--- 1----- - -+--+-.----. 1------. ----f--.--t----I----.-

-- ---- ------- -----t-------1-- --+---_j 
----j----f------. --'- -.-- ---- ---.- -t----.. -----I___--.f-----. 

---~ 

-1--- ._- -----~---

(Years) 

I 

REMARKS 

Water surfoce stage changes shown by recorder charts were not 
considered to be significant for tests except those on 9"19-60 
and 9-20"60. On those days a falling stage existed. Computations 
on thiS sheet were based on observed woter surface elevations 
without corrections for all tests. except for tests referenced 24A 
and 25A. A second computation was made for these two tests 
based on water surfaces adjusted to estimated levels ot the time 
of discharge measurements. 

See preceding Sheet 1 (Figure 12) for other notes which apply to 
this reach. 
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~ 
f--

f---
~'-~ 

I---~--+~~~._.~ __ ~-'CR,-t __ +---,6_0_0-+_6_._1 -I Q ~ 4600 cfs 

~7_-/:::0,--6,",1+,2::0.'-', 2,",3,",1,-+_:2_~~,-_ ~.o __ ~ B> 48 ft. 

I-----+~.,\_~+__--:~-- 16 Lt 600. _6:/_ d-16.561't. 

f---- __ 4 53Lt.. _ _ ~()~ ~ A;1206 ft2 

17-10.-61 --c--- 5 __ 60 a 6_Cl.0_,!.~'" v ;3.81 fp. 

f---+~-t---f---~' 37 Lt 600 e!-,I- R; II. 20ft. 

Measuring 

Point A 

located 

@Mile 

4,67 

7 89Rt 600 6.1 Sideslopes POlntC 
7-14-;;1 

--f--- - 8 46 Rt 600 6.1 

9 5 Rt. _..s.9~ _s..~ 5;0.00005 

f-----
7-14'61 

_--+ __ --+-~ .. 10 ___ _l___--'5"-5-:'-!.- 400 4.1 H; 18,08ft. 

/I /I Rt 60.'l ~_ T;97.7ft. 

12 38 Lt 600 6.1 

13 68 Rf 400 4.1 

7-16'61 14 83 Lt 400 4.1 

f-__ -+~_I_--+_--'15~4_~9~3--'R~t--4_~4~0~0 ~ 
16 53Lt 400 4.1 

7-16-61 20,231 .4'0'::: 49" 550 5.6 

2:tJ; 779° 

I-~-+~~----i'" Curvature index = o. 19 / 
7-10-61 10,699 I ~4 2 Curves per mile 

7~:6"f--_ . __ I----'-~+_--'1,.2:..e:R..:.t~+_':'6":0":0---j_.':'6'-'.I__j 

1--- --
7-14'61 

f---

2 

3 

20 Lt 400 4.1 

30 Rt 

26 Lt. 

400 _'!l... 
400 4.1 

o f------ - ___ -+-~5~--t~_6~R_t __ 4_--'8~0.:.0~t_a~2__i 

~ I-~-+ __ + _~6~ ~ . .:.t __ 4_--,6,-,a:.c0=----+-1 .:c6:c,1-j 

Hydraulic 

design was 
based on 

Kutter. 

formula wrt 

"n'I=O.OI4 

4.0' RadiUS 

at toe of 

s/opmg side 

of canal 

section 

US.B.R. ~_~ 7'14'61 7 22 Lt. 400 4.1 

o f----- _+_~I--...:A..:..:.:v . .:.=--.:2.:2-'~~+-5:.c1-,4~.L:.5-,,3-j Specification 

<.J XL] = 154' No. 1435 

~ 7-/6-6/ Curvature index = 0.07 Bldsopenec 

u 3 5 curves per mite on 8-21-46 

.~ i---!-f--- Construction 
'- I_.-----+~.L.----l 

0.. ~,t.0..B!!. completed 

~ in 1949 

g f-------~ Some as 

located 

@Mile 

8,51 

POint C 

located 

@Mlle 

8.51 

Pomt 0 
located 

@Mife 

10.53 

Pomt I 
7-11-61 11,629 above except located o I---'--+-~~~~~-~~~~~~~~.--

.:: ILt 800 8.3 0=4400c(s @M,le 

~ 1-~--+_+_+---=2 ___ --+---=3.:.7-"L::.t~-+~8-=0-=0~+-=-8.=--3 
<..J 7-/1'61 7 Lt 800 8.3 

24.60 

1-__ --+~+.~I---~A~v~; ___ ~15~o~~_I_-"8~0~()-~ 
Xj = 45' 1--0 

I-- <: 

do 16.16ft 

Ac;1I67 ft2 

V=377fps 

RolO.99ft 

Ho1767ft. 

T;965ft. 

Spec No. 

2197-Blds 

POint K 

Located 

@Mlle 

26.80 

36 2; 7-1561 

- .2 f---+---+-----1 
~ 'g I-__ --+~..L _ _< 

"* ~ ~ 7-15-61 / /, 629 

Cur'o'oture Index:= O. 02 

I 4 curves per mile 

-< 
~ " ___ 13 Rt 600 

opened m 194/ 

6.3 Some as POint Q 

~~ 7'24-6[; 6,512 2 12 Lf 600 6.3 above except located 
.-=--. ~~-. I 600 6.3 Q;4300cfs @Mlle _0 

.)(. 37A 
~ 

-

38 
----

-
-'x- 38A 
-~ 

• ~j --",_~~t--L...-I 
1---7'-24'C"6-0t--6,-S-12--- ~~vature Index; 0.0.2 

7-26-59 7,0.90 

1--- -
~ .!:.._09_0_ 

1.6 curves per mile 

d;1596ft. 47.34 

A=il48ft 2 Faint R 

V;3.74fps ~ 

""10 88 ft. 

H=17 46 f1" POint T 

T;959 ff located 

(oJ Mile 

USBR 48.67 

- 1-~-+_~ __ I--~~-r-~~ ___ r-~~-,-...--jSpeclf IcafIOn.}--

~ 

.)(. 3~ 

-

-
.;{- 4/ 

f-----
7:22'5< 4,577+--~~---L~1c::0~'R::.t'------L--,,-8,,0,,0~l'8""::'.I3 

7-31'59 4,577 

Curvature index =0. 01 

12 Curves per mile 

No 2460 Pomt V 

Bids opened located 

In /948 (aJ Mile 

CO(1structlOn 53.47 

completed 

In 1950 POint l!·' 

located 

(oJ Mile 

54.34 

j ';/ 
"b 

~ 
'a 
Q 

'" '-
.... 
a 
C 

EO 

" ~ 
'" i 
a 

CO 

'" '-
'" ~ 

400.0. 77 M2 

C"--------- - .. -f----
. 4,o.QQ t--ZZ----~ 

------~ 

4760. 76 

4700 77 M2 

4700. 77 

3920 77 M 2 

3920. 77 

4660. 76 M2 

-- --- 1--
~~60 r--l'6 

4660. 77 M2 

j------1---
4660 77 

1------ j-----

Uniform 
- -

3850 76 flow 

3850 76 

4370 77 
j----

Uniform 

78 flOW 

3430 78 

3370 78 M2 

3370 78 f 

3440 81 MI 

3440 79 MI 

8_7_8----l~M_2__i 

'" 
cio 
"b 
c: 
a 
". 

~ c5 
" <2 
~.s:: 

=t; 
-<:: '" 

~ ~ 
CIl -t: 

A 194.24 177.5 16.7_ 12"2"-0"---1---'/,,1.~2.:.7--1--,,,3.:.:.2=-=~_ D.16.!... ____ .-f------- - .. ________ --c----.--
11.19 3.32 0.171 1.27 6.28 0,0178 0.0164 15.4 3.48 0.166 125 

c 19296 1765 16.4 1191 11.11 3.36'01'76- --~I------ ---~~--

-~ I--~ 1----
_._ (.5""'~~-"- ownob vel 1,16 

------ -"~--+------l----+----+-----
_5_.73 ___ ...o.co.I70. O. 0.150. ~_ ~~_ 1---. __ I---------

--"-_ 19565 1775_ 181 1360 3.50 0190 
1----

- .-- 1-----
C 194.39 176.5 179 1340 

12,01 

11.96 

/1.91 

3.52 . _.£l93_ 1.26 _0._,_0_1_7 ~_ . t_0_,-0_/5_4~+--'_7_2~t--___ ~~t--~~+~~---1 
3.55 0.196 

~-f-- . -1------- - .-I--------l-----. f---"-'--f--~-+~~~+-~~+-~--I 
__ 1_-- ____ el-S(J(7] ELS,_ own-"b~L ___ 1.14 5.63 0.0166 0..0140. 17.2 

C 

A 195.59 1775 18.0 1350 11.96 3.4~_..!!l.8",8"-~~~-+~~--+~~~~---1~~~---1~~--+~~~--+~~~-t-~~-j 

1_--1-~~4_~~-t---~+-~--t--I-I.-9-1.-+-3-.. -5-D-+-.:.0-.1~9~0-+---I,.~2-,6--1-~6.:..2~3~_t--0.:. . .:.0_1_7-,5~-+_0.:. . .:.0.:./~5.:.6-+__,1.:.7,-.3~+--~~~t--~~_I_~~---1 
C 194.32 1765 178 1330 /1.85 3.53 0..194 

A 

(Sam as sh wn ob vel 1.14 5.63 0.Of67 0.0141 17. 3 

C 192.84 176.5 16.3 1181 11.06 3.32 0.171 

11.03 3.34 0.173 0.596 5.57 0.0165 0.0142 15.3 

o 192.24 1760 16.2 1171 11.01 3.35 0.175 

-1--------
0.0156 0.0128 15.3 

----- 1-------+-----' 
o 

194.31 176.5 17.8 1330 11.85 3.50 0.190 
----~--

11.83 3.5f 0./92 0.586 548 0.0163 

D 193721760 17.1 1320 11.80 3.53 0.194 

----- C 

-- --- +~~_I_-'(-'S=om a-"--"--h~ri(Jb vel .1---___ 
- --~I----- I--- --~-
0.5f9 4.85 0.0154 

o 
194.32 /765 178 1330 l---~tY-'-'~O--t-----

0.0135 17.0 

0.0120 17. 0 

--

1-- -- ~-I_-----
o 193.72 1760 

11.85 

If.B3 

11.80 

3.51 0..192 0596 5.57 0.0165 0.0137 17.2 

177 

c 
1----

o 
I 18748 171.2 16.3 

K 186.83 170.8 16.0 

I 

1320 

1181 

1152 

3.53 0.194 

/1.06 3.26 

10.98 3,30 

0.165 

0.169 

10..90. 3.34 0.173 

0.529 4.94 

0..64215.52 -

_!}oGre/ as S." wn abc vel. 
-- -

. ___ CJ~95 _ 5.12 
K 

I /88.68 17f.2 175 1299 11.70 3.36 0.176 

1--- /1.65 3.39 0..179 0624 5.37 

K 188.05 /708 17.3 1279 11.59 342 0./82 

I 

----- -----

-----[----
0.0155 0.0122 17.2 

0.0166 0.0143 14.8 

0.0160 0.0/33 14.8 

0.0166 O. 0140 16.4 

-- -1--------
(Some :as sho n abov~) 0574 4.94 0..0159 0.0129 16.4 

K 

o 181.03 1656 15.4 1095 1058 3./3 0 152 

/0.61 3.12 0.151 0.342 5.25 

R 180.69 165.2 15.5 1104 /0.63 3. ff 0.150 

(Sam 

R 

a 180.84 165.6 15.2 

180.46 165.2 /5.2 

(So 

1790C 163.7 153 

W I -:'8 Be 163.5 15 3 

7904 163.7 15.3 

W 178.84 '63.5 15.3 

as sh wn above) 

I 
110. 76 1 10.47 

i 
I 

e as shown a 
I 

3.IJ 

ove) 

0.289 4.44 

0.152 0.380 5.36 

0.296 4 17 

10.86 /0.5c 317 0./56 0200 4.37 

11086 ,0.52 3./7 0.156 0.200 4.37 

"907 IS3. 7 154 'C95 1058 315 0154 

0. 0167 0.0148 
- --

.~ 

0.0154 0.0125 

o 0/67 00148 

00147 0.Otl5 

0.0149 0.0118 

0.0149 0.0118 

10.55 3 16 0155 0278 6.07 00177 0.0/65 

13.9 

13.9 

/3.8 

13.8 

14.5 

14.2 

140 

---I--- -~-

------ - ~-'I---------

3.57 0./71 137 

------[----

--I---~---

~~-- -~- 1-------

3,42 0.167 136 

- -

-------

--- ----.--

------

[---

2.72 0.164 148 

W /787';' 1$3.5 /5.3 :0:.:8~GC--l---,-I.:.O::.5.:.?-+-.c3:':'.:.',-7--+-..::a,:,.-,'5:.:6+~~4_~~+-~~~~--+-~~~-+-~~_I_~~~+-~~-t-~--I 

o 12 

12 

/I 

II 

10 

:0 

/I 

/I 

o 10 

o 
w '" >- w ",,,,'" 
~~b 
>-Cl.--' 

'" w 
Ift.l 

o 

-
0.11 

o 

-

REMARKS 

Tests 29,30 and 31 include pier losses for the following eight structures: 

Tests 29A, 30A and 31 A exclude pier losses for the following eight structures: 

16 ft. Timber bridge, 

12 ft. 

28 ft 
" " 

26ft. Concrete bridge, 

20 ft. Timber bridge, 

7ft.Overchute, 

20. ft. Timber bridge, 

TWin concrete bridges 
For divided highway, 

3 piers, 
3 piers, 

3 piers, 

2 piers, 
3 piers, 

2 piers, 

3 pier 5, 

4 piers} 

Mile 4.98 
5.42 

5.67 

6.60 

6.95 

7.25 

7.29 

7. 67 

Kp ~ O. 06 

0.06 

0.10 

0.10 
0.06 

0,04 

0.06 

0,15 

L:Kp Values 0,63 

Typical head loss in this reach due to piers 0L: Kp h
v

=(0.63)10,171') 

• D. II ft. 

Tests 32, 33 and 34 include pier losses for the following five strJCtures: 
Tests 32 A, 33A and 34 A exclude pier losses for therollowing five structures: 

Pipe crossing, 
30ft. Timber bridge, 

2 piers 
3 pier s 

24 ft Concrete bridge, 2 piers 

40 ft Timber bridge, 3 piers 

24 ft Concrete bridge, 2 piers 

Mile 8.80 

8.92 

9.29 

9.87 

10.28 

Kp =0.03 
0.06 

0.10 

0.06 

0.10 

L: Kp Values = 0.35 

Ty,oical head loss = Kp hv = (0.35) (0.173') =0.061 ft 

Tests 35 and 36 include pier tosses for the fo/fowlng three structures: 

Tests 35A and 36A exclude" 

°/ 3 ft. con~rete ove,~chute) 2 piers 
10ft ) 2 piers 

Mile 25.20 
25.62 

Kp = 0.11 
0.11 

24 ft bridge, 2 piers 26.21 0.06 

L:Kp Values;0.28 

Typical head 10 ss ~ Kp hv = (0.28) (0.169') = O. 04 7 ft. 

Test 37 includes pier tosses for the first four structures: 
Test 37A excludes" If "" 10" " 

Test 38 includes pier losses for the folfowing five structures. 
Test 38A exctudes " II 

16ft. Timber bridge, 

16 ft. Timber bridge, 

3 piers 
3 piers 

Mile 47.38 

47.88 

Kp; 0.13 

0.13 

/6 ft Concrete overchute, 2 pier S 48 13 0.04 

0.05 

035 

0.20 

24 ft. Concrete bridge, 2 piers 48.38 

L: Kp Values for Reach QR 

Check Structure No 9 (See Fig Ab21! 48.61 

L: Kp values for Reach QT ~ a 55 

The water surface elevation Shown for Test 37 is on average of three readmgs 

No in-fme co no! structures with piers were present Inthis reoch. 
Outftow through turnouts In thiS reach dUring tests was tess than f% oftotalffow. 
Water surfoce elevatIOn for Test 40 is the overoge of two reo dings 

4~Oato from tests marked With asterisks were used for Figures 5 and 8. 

CArvAL CAPACITY TEST PROGRAM 
DEL TA-MENDOTA CANAL-CENTRAL VALLEY PROJECT 

SUMMARY SHEET 
PROTOTYPE TEST DATA 
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DISC~ARGE ~ I...L w WATER SURFACE WI ND 

f-

f-

f-

f--
46 

1---

f-

f-

f-

I-
I-

f--

DATE LENGTH 

IL,) 

1ft) 

~ 7-11-61 17,950 

~ 7'16'61 26,486 

I-

I-
I-
I--
~ 7'16-61 24,001 

f--

f--

I--
f--
~ 7-16'613/,941 

f--

I--
I--
I--
~ 7-16-61 23,115 

I--
f--

f--

f--

I--

1-
~ 7-16· 61 36,748 

f--

f--

f-- ----1----

I--
I--

I--
I--
~ 7-16-61 59,171 

1-

HORIZONTAL CURVE 
DATA 

PROPERTIES 

OF 

DESIGN 

SECTION 

ws. 
18 Cur ves in this reach Measuring 

2:/)0= 676 Lined se/'3 Point B 

Av.Llo=38 

A v. R,IT= 5.2 

Curvature index= 0./6 

4.5 Curves per mile 

located 
(Q=4600c(s) @ Mile 

Properties 7.01 

same as 
shown for 

Tests 29 

through 
34A on 
Fig. 14 

Point E 

located 
@Mile 

II. 02 

17 Curves in this reach Lined Sec.#4 Point F 
X Llo~ 569 (0= 4500cTsi @ Mile 
Av. Llo=3.3 

Av. R'IT=5.9 
Curvature index= 0.12 

3.8 Curves per mile 

12 Curves in this reach 
L;IJo=271 

Av. LJo=23 

Av. R,IT=6.2 
Curvature index=O 08 

3.5 Curves per mile 

17 Curves in this reach 
2:IJo~453 . Av.Llo=27 

Av.R,IT=6.5 

Curvature index= 0.09 

3.4 Curves per mile 

for 22387(t 16.38 

180 ft. for 

Check NO.3 Point G 

Lined Sec.#5 @ Mile 
(0 = 4400c(sl 20.85 

for 1056Tt 
See Fig. B-2 

1 
Lined Sec#5 
(0 = 440ac(sl 

Point J 
located 
@M,'e 
25.42 

Properties Point L 

some as located 

shown for (ii) Mile 

Tests 35 28.82 
through 
36A on 
Fig. 14 

f--
Pomt H 
@Mi.24.52 

15 Curves in this reach PointM@ 

EIJo=448.Av.Llo·30 Mi. 29.53 

Av. R,/T=5.8 

Curvature index = 0.09 Point N@ 
3.3 Curves per mile Mi.34.0B 

21 Curves inthisreac, LinedSeC~6 PointO@ 
ItJ°s 72o.Av.Llo=34 (0:4300cfsl Mi.38.17 

Av. R,I T· 6.6 

Curvature index = O. /I 

3.5 Cur ves per mile 

12 Curves in ihisreach 
Ef!.°=291.Av. Llo"24 

Av. R,I T= 6.6 

Curvature index =0.06 

2.7 Curves per mile 

Properties Pomt P @ 

some as Mi. 44.22 

shownror 
Tests 37 

through 41 
on Fig. 14 

PointS@ 

Mi. 48.60 

22 Curves in this reach Lined Sec#6 Point U 
XIJo= 585 (0: 4300c(s) @Mile 

Av.Llo:27 forl6,3/5ft 51.30 

Av.R,IT=5.3 Check No. 10 

Curvature index=O. 08 for/80ft. 

3.2 Curves per mile 

27 Curves in thisreoc 
X f!. 0. 850. Av.lJ o =31 

Av.R,/T=5.0 

Curvature index=o. 07 

2.4 Curves per mile 

Lined Sec#7 Point X 
(0=42aOc(sl @Mile 

for2a,254f 58.26 
See F,g. B-2 

Lined Sed'7 Point Y 
(0 '420o.C(5) @ Mile 
See Fig.B-2 58.39 
in Appx. 
for other 
hydraulic 
propertles 

point Z 
@Mile I 
69.60 
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METHOD 

OF 

w Z 

co ° <t f= 

~ Z 

5 ~ 
> ~ 

Z <t 

AREA 
(A) 

oe 

1-0,=:1 3~;-ou 
~ ~ J- I- ~ MEASUREMENT ~ 

" Ie f 5.) of " 

~ ~ 
> W 
<I -' 

W 

> 
W 

> -' 
<t w 

AV 
WATER 
DEPTH 

(d) 

('t.') 1ft) Ifps) 1ft) 

" -~------

2 Unif 

4?~_~ ___ ~ __ Flow 

!i 

--- -I-
4120. 79 M2 

----

"' 1--------+---+_---1 .~ ~ .S 
1---__ ___t---+U"'n"'i"f-l "tJ co 
4400 77 flow E.2 '..::::: 

.~ ~ ~ 
~ ~ ~ 

f-----+----r---~ Q ~ co 
-'< OJ 0 

f-----+---r---~ u ~ u 

r---___t~~+_--_It ~ ~ 
1-----___t--'"2~H----- ='- ~ '0 

-8- -- ~':£. ~ .~ 
~Lq.~t--~- M2 § Q; C/) '0 

~ :!:cr)~t2 

M 

1ft I 

----------

B 194.48 176.9 17.6 

19337 175.9 17.5 

B f94.15 176.9 Il3 

E_ 192.93 175.9 17. 0 

-- ---1-----

130.9 

1299 

1279 

1250. 

If.75 

11.73 

11.70 

11.59 

11.51 

11.43 

3.23 

3.25 

3.26 

0..162 

0..164 

0.165 

3.2i?_ 0.161 

3.26 0..165 

330_~9_ 

B 193.63 176.9 ~6! __ 1220 11.27 3.28 0.167 

1--_ 11.17 3.34 0.173 

I-'E-t.:../9:..2:::.:::2.:./1__/.:..7:::5.:... 9'--1----'-"6::.:.:::3_+-l~ _ .-.:11". o.~6:'-j-,,-3.c-3c-9~_,0. 179 

1.11 __ ,524 
I 

0..0.171 0.0150 
---

-----

-----
--

-------- - --------

I. 21 5.72 0..0176 0.0160. 15.9 

--'----- -- --f---~ -----

----+---j----j-_.-- ----

-----J----j----l-- -1----
--1.41 l---'6,-,-. ."6-"6-+,__0,,,.,-,0 I 82 0..0172 15.5 

~-I-----+--+---+---+---+----I-----_r---I__--_r--------j----+---_+----~I____--_+----~ 
F 191.28 173.6 17.7 1320. 11.80. 3.33 0..17.2 

I--~--+----+----+---+----+----+-----I·---+----+--------I-------------·I--------+-----I---~ 
1320 11.80. 3.33 ~/72 

No.TE: A v. de th of I .7' use 
1.23 ".2~_+-.rJ.c_0 ___ 1_6_7 __ --t_0.:... 0. __ 1_4_3-+ _1_6 __ . 3-r--CC---1~----+------I 
since 95% a reach lengt was in lin d Sed ion #4 

190..0.5 172.5 17.6 130.9 11.75 3.36 

f- --1-----1--_+ -- --
e-"'.. 1fl! .. 53 I 71. I I 7. 4 I 2 8 9 II ~'1_-I-3.I!'" 

0.176 

- --1-----
0.157 

- ---1---------- ------1-----+-------1----

!------I- --- .---- --- -.--
5 ________ 1__-- ____ .l.1.5~_ 3.21 0..160 

0..162 

1.0.4 5.79 0..0.181 0.0168 

f--':-- 18!.48170.3_ Il2 1269 11.54 3.23 
< -f- .~ ~ ~:E 

1---1-_ _1---_ "2 ti ~ ~ r-+-'-----+I____-----+----+----+----+--~--------t+------------+---------t-------+----------+------__ ---_---+ . __ 1---_--_--_ --+------+--~-~~~~t~~~~~-~~----_._--_...j 

.. ~ Q -g I-J_ 187.92 171.1 16.8_ l~..32...t-il·33_ 3cZ.o._~ I__ 

39301-79 t-;;,2 :2 ~ ~ ~ 5 "--\-___ -+ .10'.£.~-'-2~- 0..164 l.:..2O"'-I-6,~"__OCo..1~!... __ 0..0.183 15.5 
-----

3.70 0.163 ----1---- 119 --
1---____ .. __ 1---_ ~::: E ~ 186.7/ 170.3 16.4 1191 fl.ll 3.30 0.169 

~ a t ~ ~+____t----_I__----+----+----+_----+---+_----+_----+_----+_--------+------+----+_------+_----_+-----
~ ~ E ~ 

3850 77 M2 ~';';; ~ -c+-Q) 5 0.0163 0.0139 15.0 -----t----
~ _ 1-----1--- -1---1---- ---- --- - ----1____---+----

18Z35 171.1 ~ ~. 11Cl£~£ .E:. 165. __ I----
11.01 3.29 0..168 0.955 5.32 

~ ~ ~ ~~~L~~/~8~6.~3~9~/7~0~.~3+~/6~.~/--~1I~6~2__t-/~o.~.9~5~~3~.3~/__t~o.~.~/~7~04_----+_----+_--------4_------+----4_------+_----_+------
~~E-g 

I--__ __t----~u~n~~~ t ~ ~ e 
4370 77 f low ~ c::: ...Q (1) 

~.c ... +----___t-'-""=_t ~ ~ : ~ 
I' tJ ...... ~ 

- -- --I-- ---
H 188.62 171.3 17.3 1279 

I-- -- --
M 1--1--- I- _ +---- _____ _ 

M 187.26170.1 17..2 1269 

II_59 

11.57 

11.54 

------~- --
3.42 0..182 

I__--!--- 1-- f-------+------+------
3.43 O./~~~~ ~}~ __ 0.0159 0.0/30 __ 1_6_._4-t-______ --1-_____ t-__ ._ 

~ O •. 1_ 8-:.4"~----_+----_+--. -.1------- +---1__-----1---.---1-- -. --
~ ~ ~ -g 
~ ~~~ r-~-+----~-----t-----4_----+_----+_----+_----+_----+__----+__--------_+_------_+_----+_------~----+------

Q vi = Q 1-_+----_1__----__+_-----1- ----t------t----+--
'i' ~ § ~ M 187.26 170..1 l7._~ ~ 1-"1.:~5:_'4_+-,,3'-'.3'-'1_+-=o.'-' . .:./.:.70=_+--

420077 MI >:'"tJ:E~M'--I--. ---t-l-121.- 3.33 0.172 1./3 

';. .~ ." ::: N 186./3 169.0 17. I ,1259 11.49 3.34 0.173 

4.70 0.0.156 --r---- 0.,._ 0.=-:.:/2",6=----+-/:::5.:... 9=- ~.i.4.-- .2.J.6 5"_+_---1 4 ___ 3 ___ 
i 

~---+----~--~ ~ tJ ~~ ----,--

~ ~ ~ ~ ~~-+----4_----+_----+_-----+__----+_----+__----+__----~----~--------+_------+_----+__----_...j------4_----_...j 
~ ~ ~~ "-_+----__+_----~-----4_-- _+------~--__t-------·~----f____---f_---------+_------4-----1_----__t------+----__t 

f-----+---+_--~ i.;: ~ :; Q.> ~~~01_'_'16,,7-'-. _9_4_,1.' 6':. . .".9---+ L:z..4CJ_~_I__--=3:.:.. _=.3.:.1 +-=.0.':'. 1.:.7.:::0+----+-- --1--------1_--- -+---+-------+------+---134 

~4-10-0_t--7-7_+-M-2___j ~ t ~ ~ M~+----+_----I_----I_--__t...-:/I-=.3-::0'--1_"3.:::.3::5_+"o.'-'.1'-7"'-5+ .. /:.-'-7-'-7- 5.54 0.0.167 0..0143 15.7 3.32 0.168 
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o 89. 45 73.66 15.7 9 690 ~_97 _-t-=9-,.-=-8~8_+_1-=-. ~51-=8'_+--+----1----_+_---t-~-'_+-~~-+---+--____i 
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0.0124 29.1 5.73 0.536 144 
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--- --1--1-- -r---~__:c ---t---~--- ---::c=--t---c7c-.8-2-+-6c.~OIO~56-2~~-~-

t----t--.IK-I-~- 1f;~:~~ ~~~ ~~ 7.14 5.19 0.418 
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Water surface measurement at Point c made on 4-20-61 appeared to 
be in error and was there fore omitted. 
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L--- " ~~~==i===f==I~~~~-~2~4ZI~.~~~~~~-'l .!.2.!... ~ ~'2'60 Curvature Index _ 0.15 
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~--+---+------------------~----+---__ +----+-Q--~~,,~"'-+-____ +---+----~ ___ ~~------+-'D~I..:3-=0"~-=5~1:.::2"'9-'-4.~6-"5~B ... ':'90~'--2':'9,,7--~5,,.7'--0"--~3 ... I-'6-1-'0-'-.-'15-'5-+ ___ 4-___ +-______ ~------I----+------+----+---_+~ __ --I ____ ~~ 
'-'-'-'-- In8'60 8059 

f--
~ 

L_ 

I-
I-

f-
~ 
I-
I-

I-

I-

f-
f--

f-
I

I-
I--
--

I--
1--
I--
---

--

I--
1-----

~-

--

---+-----1 

-~----

-----.. --

-_.---

--------

~I----

I-- ----

--

._- -----

---~~ 

-----1---+_---1 

.--- f- - ---.-.-

I--_+_---~r____ 

- r____ 

---1----+---+ 
-- ---1---

----+---+---

---f-- -~-

-----+---1--- --------i--+_----l--------l------+--__+-----t--- j---

--~~-+---+---------->------~-__+-----+--_+---i 

----f---~_+----+_---+----i_--------------~-+_--_+----__+----__+-------t 

--
----I----+---+------I----~-~=~=-~=-- --------------l-------t-~---+_-----+ 

-~--+---+---------- ---- ------- .. --- ~- --,-------+-----1 
~__l___--_+----_l_------ -.-_+--~---- . --~-- 1---___ +-------+_--_+--~-~---+---I 
f--.-+-----1-----+------- --1----- _.- ~-- !---I---- -------I--------I------~-~-f__---_+-----1 

--.-- -----+----+~---------- --------+---------l----.J------+-----j------j 
1--+_---1-----1------- --------

- - --- --- -----f--- --- ---1---- ---- r----
----- -------- ---- -- ---f---~+_--_I----1 

--f----~-~- --~--- ------ - - ---------- --- ---.---_+_-----+----+-------1 

-------- -- - ---- f--- ---- ---.- ----I-------+------+-------1----_j 
---- -- ._--------- - -- -----~---- -- .----- -----I-----_+----jr----j 

-- --t--------- -------- ----+----- f----

- -------~---I------+---+--

-- - ------- .----.-- f----.------I-----+-----+------1 
.-1------- --~t_--

- f--- - --- . -+----_1 

- f- --- --j-------

- -----e --- -- - j----

I -----

-i--
--

-I 

REMARKS 

A gradually falling water stage existed in the test 
reaches on 9-19-60 and 9-20-60 . 

No corrections were made to measured W S. elevaliom 
shown on this sheet due to thiS change in stage. 

Estimates based~on doto from water stage recorder 
charts indicated values of n, f. and IR would change 
insignificantly if corrections were made, 
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z 
o 
j:: 

~ __ .-__ 2T~E~S~T~R~E~A~C~H~O~E~S~C~R~IP~T~IO~N~_-, ___ ~ ___ ~~ ___ r-~~~T~E~S~T~MT=E~A~S~U~R~E~MTE~N~T~S~~~~~~ __ r-__ -+~H~Y~O~R~A~U~L~IC~P~R~O~P~ErR~T~I~E~S.~O~F_T~E~STT~S~E~C~T~1O~N~ROUGHNESS FRICTION 
WIND DISCHARGE ~ a:: WATER SURFACE 

REYNOLDS' FROUDE CHElY 

NU MBERS NUMBER C cz:: "
DATE LENGTH 

I L,) 

(ft) 

HORIZONTAL 

CURvE 

DATA 

'-:----j-__ --j CURVE' \(DEFLECTION\ RADIUS \ 
I ANGLE Rr ~ 
3-2860 6255 No. ~o (ft.) T 

I-
/15 

t---
f--

-~I-t-~ 

3-30-60 

t----- - - j--

t--------
4-18-60 -;:; --~ 

"" I--- --t-~ 

~ I----_I_-f--
Q> 5-2-60 
~ 1----1--1--

" 1----+-1-
~ '*it6 g' r:5:--9-::--~6:-::0r---I--

~~ 
j--- 3f I----+--f---

f---

c!.!!.1; ~-60 
-
-

'0' f---+--j---1 
'

Q 

~ .~ 6-27-60 

'" r--- co f---!--+----j 

:Z~--
E: 
" 8 f--_+_-j---1 

f-,- -1-
~"O ~~---e,§ r--- ~ I--~I--+--I 

1- .3 19:;g.60~
f---'2-'- ... 
r--- ~ f--+--j---1 
._-

122 
f---

r---
f--;23 
j---

f--
f---

124 
j---

f---

~ 
j---

r---
----

-

-
-
--
-

-

r--
f--

f---
-

-

-
'---

I-

I
I--
---

I--
-

~-

f--

9-2060 
I---·t-j---

10-3-60 

~256( 

10-2860 6255 

1---- --

1--------1-----1 

1---1----
1--- ----

t-- ----~ 

t--- --.---
1------ t----

----._. 

---I--
- ._-

,-f----

----

Straight 

PROPER TI ES 

OF 
DESIGN 
SECTION 

" .J :l< 

" 0: 
~ f{ 
Z Z 
W -

'" 
Measuring 

Pomt E 
@ Sta. 
235'26 

Measuring 
Pamt G 
@Sta. 
297'81 

No 
equptians 
In 

stationiT! 
wilhin 

th i s 
reach 

>z 
"-w 
0" 

W 
00: 
0::> 
r <f) 

>-" Ww 
:l<::E 

>
I-

U 

'3 
w 
> 

(mp.h.1 

Z 
o 
I
U 
W 
0: 

o 

I
Z 

o W 

o " r "- 0: 
I- 0 ::> 
W if> 

" :l 
::E 

a::: ~ LL
W 

~: o~~ 
<t ~ ~ ~ ~ 
3:: ~ >-ou 

METHOD 

OF 

>
z 
o 
0.. 

w Z 
",0 

AV. 
~ WATER AREA 

IA) 

C OE FFI C lENT FA C TOR j-----,-------t-----+-----j ~ ~ 
lR= TREK: F= C: ...J;: ~ 

~ 1-;; MEASUREMENT ~ 

" >= 
0: " w> 
>w 
" .J 

DEPTH 
(d) 

Manning's"n" "f" 4RV 2R\vs;g WZT v ~ 6 ~ 
149R2/3S~2 :8RS,g V --',)-- ~ ~ 

gA 'fRs; ., 
(c.f 5.1 of. 

875 _~_M2 

--~ .--

760 43 MI - c---

1400 

t-
r-'-800 

48 

55 

2665 62 

MI 

MI 

MI 

2930 64 MI 

------ t----. 
2590 69 MI 

I--- -'--1---

2220 65 

4465 64 

MI 

M2 
t--

1--
4

-
4

-, O+--6-
4
--f-M2-

985 61 MI 

1885 55 M2 

940 54-~
I--~ - ---j---

----- ---

f_--~jl----Ie---I 

t__---- ----- --

f_-~ - - --- -.--

t---'_+-~-+--I 

t__--- ~-j---

--
--

r-- --

W w 

" 
y -y-' - Ix 10') Ix 10') (ft.) (ft.') (ft) (fp.5.) (ft) 

O. 9.:3£ 0_.2 __ 4 __ 8+-_1_3_7--1 
G 01.29 93.26 8.03 

E 1302.0112_93_.9_6+-8,..;:.0,--5+-__ 2_58-+r--5_.2_8_+-3-.--39 0_ I 7_9_t_-_t--- 1-------1----1----. 
5_27 3_40 0.180 0.726 I J.6 0.0144 0.0136 4.54 

257 5.273.410.181 

c-f- 05.80 93.96 I 1.84 447 ..1_=-,--4_3:.£3_ O. 305 --+-----jf--~--- --f------~t_-_+----t--~+I~ 
.1.--'-1...1 _4.jL ~-'- 0.845 I 3_5 _.QJJ/43 __ ~O~-/~ 2=--4,-+..:7.'.-=6-=5+---+---+---1 

G 04.95 93.26 1/.69 439 7.07 4.51 0.316 

E 09.76 93.96 15.80 690 8.98 1.10 0.019 

--~-:l2 1.07 ro.OiSro.o59 
I-c; 09.70~6f-;G.44 -734 9.27 1.04 0.017 

---------

0.94 0.0187 __ 1~0-=-.0~/9-1_+-2..:.-4-7+-'0-'.-'6.-=-0-7-+-'0-'.-=-0-=-5-=-9+-1_1-=-5---j 

~J---'-O.28 93.96 16.32 _~ ~~-'- r-'--"-'3_+,0_."-0_5_8+.--j----j------j---~_+_--f_--_I_---_I_--
f--+-~--l-----+---+-- ._~~3.i..f-'.:.£.Il .o.OJ.i. _0_. 1_5_4_-+-_2_. 4_6-t- _0:.:.-=0..:/,7 _ _=_5_\-,,0,-,. "-0,1_6::.7_+-4:..:.-=8-=3_1_---+---+--

G 10.14 93.26 16.88 765 9.47 1.83 0.052 

E 10.46 93.96 16.50 738 9.30 2.44 0.093 

9.42 2.39 0.089 0.197 3.15 0.0156 0.0133 6.91 1.41 O. 129 139 
G 10.2793.26 17.01 774 9.53 2.33 0.084 

E 11.16 93.96 17.20 788 9.62 3.38 0.178 

810 
1---+ __ + __ 1--_-4 ____ +-=-9..:._,6..:8_+ __ 3_=_._3_4+0-,-._17_3-+_=_0-,.3 __ 9_1+--=-6~.2-,5+--=-0-,_0~/_=_6_1_+-,0-,.-=0-=-1-=-4-=-0+1_/~.0_+-___ ' ____ _1_-----1 

9.75 3.29 O. 168 G 10.77 93.26 17.51 

E 11.51 93.96 17.55 813 9.77 3.60 0.-=2-=-0_2_+ _ _t----+----+------jf---+---+---+----1 
9.82 3.57 0.198 0.475 7.59 0.0166 0.0150 12.3 2.66 0.188 131 

G 11.04 93.26 17.78 830 9.87 3.53 0.194 

E 1/.38 93.96 17.42 B03 ~?I_ 3.22 0.161 

9.773.190.158 
--- ----~ 

0.449 7. 18 
----------I--------j'---_I_---f_--f_---I 

0.0180 0.0177 1/.7 2.75 0.168 120 
~f----~~~--_I_----+-'---- .--f-----

G 10.94 93.26 17.68 822 9.83 3. I 5 O. I 54 
E 10.98 93.96 17.02 775 

-----I-----~--
9.53 
9.61 

9.69 

2.86 0.127 
--c---::-:c --~-- -~----+--_+---I_----~ ~---

2.82 0.124 0.362 5.80 0.0182 0.0180 9.60 
I----f--- - --~ I---~--t__---

2.780.120 
-------

G 10.63 93.26 17.37 800 

c-f-12:4:.4 93.96 18.48 882 10.19 5.06 0.398 
----- -----j-----+-----

~f_----+---_4-----t 
G 11.46 93.26 18.20 

10.:'-2.. 5.12 0.407 0.958 

861 10.06 5.18 0.417 

15.3 _~:O /69 .. +-,0,..-=0..:./;:.5"2+1-=8,,. 1_+-::.3.:... 9::.:..7-4-,-0.-,2:.:6:.::5--1---,-,13-,0=----J 

E 12.22 93.96 18.26 865 10.09 5. 10 O. 40_4 __ +-~ __ j__--_t----+-----1_------f_--~_I_--_1_-----1 
f-- ____ 1---_ ~ ____ .__ ___ 10. 03 5. 15 0._4 __ 1 2_t_0_.9_3_9-t-_1_5_. 0-t ___ 0. 0 I 6 4:._1_2-.0 146 18 

G 11.27 93.26 18.01 847 9.98 5.20 0.420 

~_c2:J.97 93.96 16.01 705 9.07 1.40 0.031 

--- r---g-:-Z I 1.36 0_029 0.095 152 00188 00193 420 I 03 0.074 1/ 5 
I--G-I-0- 9-. -8 8-1-9- 3-. -2-6 +-1-6--. 6--2~ 747 9 . 3 5- i~32- '0-:2)27 t--=-=--!----'.--'--"I-----'-'-. -'----''-=----t-=-:.-'----'=--::..+_ -c.' -'-+-'--' '--'---+--'-'-'--_t---'-----1 

~ 06.14 93.96 12.18 466 7.30 _4_._,0_-,-4+0-,.-=2_5_4_+ __ j~ __ 

~+---- -- 7.25 

G 05.2393.26 11.97 454 7.20 

~_ .Q.2_=__57 9 3.9£. _~:£I. 283 5. :; 6 

~-- -----t-- 5.53 
G 1301.74 1293.26 8.48 277 5.49 

4.10 0.261 0.89/~ t-....CJ:.Cl.-'~~ 0.0158 
4.15 0.268 

9. 13 

3.32 0.17/ 
~3·c.-30·5~I-~O-'--.~/7~5~0~.~8~2~5+~/3~.~2-+-0~.~0~/~6~0--t--0~.~0~/6~7~-5~.~6~/-I-~/.~2~8:--t-0~.·~2:3:-:C9 ~ 
3.38 O. 178 

-+~--+----- 1---- -~-_t_--+--------- .--- ------+---~---+--~-t---+--~-_I_--+_-__\ 

f--I--_+--- -1---- ----!----+--I__-+-- ---- -----~- 1----1---+--_+---+----\ 

-I--~ -- -----I~-_I_--t---_+---j__-_I_--I__---+_-~-_+--+---+_--+_-__\ 

---~-

-~--. ---

I--+---+---~ --- .--- ---

~--~-f----+-----+----_I_--~-+__~-+__--_+----j__--_+--------I__----+--_+------f_--~I__-----1 

---I-~~ ---~+----+-~--t-----+---~----_+----+-----!--------_t------+_--_i_----_t----_t-----t 

~I--- f- -~-+--~+_--_+--+-~--~ 

-- - - ---- ---~r----_+---t--+_---+_--+---t----t---t--_t 
---- -- -----r-----+--t--~- r---------+------l----II__----I-----+----\ 

-~t__-+_--I- ---1----- ----------_I_--t--- _i_---t-----t- ----1__-+_---1---+__--1 
f--I-~~t__-- - ---- ---- -- r---~~-t~--+_-_+~- ---+---f--+----t-~--+_-__j 

-~+-_4---+_ - f--- ----- r------

----t__----I--

~t----+----+----+---+-----+--~-----I---~---~+------_t------+_--_i_----_t---_t-----t 
f---I----+---I--- --I-- --- I---_t_---t---+_-_t- ----_+-----j__-_I_--_+--_t----I 

-~f--- - -- ~I__ 

f-- ---- ----_t_----j~- --r--
-~~t- --~I---_+---- -- - ---~-f__---t-~-_t_--_t_--+_--I 

-I--- ----- -~-----

--- -- - 1_- --+_---t---~- I----+--+--+-----+--_i_--+----t---_+---I 
-t- ------ -f----- ~--

-- t- - -t---
- --- - -- t-- ~+---~+-------1 

(Years) 

1/ 

/I 

REMARKS 

"Data from tests marked with asterisks were used 
for Figures 5 and 8. 
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'" "0: 
WI ND 

~----.-----~T~E~S~T~R~E~A~C~H~D~E~S~C~R~I~P~T~IO~N~---,,-----.4---__________ .-____ ,-T~E~S~T~~M~E~A~S~U~R~E~M~E~N~T~S~~~~~~--r_--_+~H~Y~D~R~A~U~L~I~C~P~R~O~P~E;R~T~I~E~S~O~F-T~E~S~T~S~E~C~T~I~O~N~ROUGHNESS FRICTION 
DISCHARGE ~ a:: WATER SURFACE 

REYNOLDS' FROUDE CHEZY 
<fl 

CUJ 
W<f> 
f-<f> 
0::(0--: 
~...J.t 

W 
t-U) 

lL~1-
o-'z Z", 

"'<II 

It. 
DATE LENGTH 

HORIZONTAL CURVE 
DATA 

~:> 
~::> 
",Z 
0: 

(L, ) I-C-U-R-V-E~D-E-F-L-E-C-T-'O-N'R-A--D-' U-S-!----l 
No. ANGLE R, i RI 

PROPERTI ES 

OF 

DESIGN 

SECTION 

(ft. ) flo 1ft.) T 

f--
126 7'22-58 I 18 I 2 

f--

127 7~23~t --~ 
--=-:... -'--=-'--- ~-- --

f--
--

~£8. 

--
7-25-58 
c----
I----I----l-----

f-- ~~ 
~ ::; 728-58 

f-- ~ ;-----+--+---1 
'" a: 1----+__11_---1 

o 

'" 

54' Lt. 

2 48' Rt. 
3 74' Lt. 
4 164° Rt. 
5 41° Lt. 
6 

7 

8 

9 
10 

II 

12 

13 
14 
15 

16 

51° Lt. 
42° Rt. 
31° Lt. 
19° Lt. 
90° Rt. 
44' Lt. 
48° Rt. 
18' Lt. 

46° Rt. 
54' Rt. 
77' Lt. 

300 

300 
300 
280 
300 
400 
800 
300 
300 
300 

300 
400 

300 
300 
300 

300 
I-- t~ 
~ ~ ,,9--,-1..::.3-=-6..::.0I__-+--I__.:.:Ac::...v.= 56' 342 

8 XL-. =90 I' 

f--

~~ 
I--

-
I--

~ 
I--
--

>~ 

;- ~---I----I--
d: ----- 1-- --
""' 4-5-62 

.!!! 

o 

1---- - 1---
4-11'62 
[-'-'--I-- --

--- ~ ~---I----I----I 
~- u ~ __ -+ __ ~_~ 
"-~ ::: 415-62 

I--~ f----- -- 1--

~-
f-
f--

~ 
I--

~ 
---~ 
-
--

--

---

~

-
--

+- I---I_-~-
§ 4-19'62 __ 
L: 
"-- I_---I---+--i 

4'23'6, ' 

14:-27-62 
~- --~-I---

f----- -- fo---

14'2962 11812 
~:..::------

1------11------1 
I-~I---

- -----

-

---j t--=:===-
-- ~---

- 1-----

-- 1--.'----
-- f----------. 

1---- 1---- f---

1---- -----

--

--

~--

----

Curvature Index = 0.38 
72 curves per. mile 

4.1 Max. Q = 

4.1 ~g~oO~/f~ 
4. I of lining 
3.B freeboard 
4.1 
5.4 

Norma! Q 

= 4.090 cfs. 
4.1 B= 36 

d=!5.22' 
4.1 A= 838 ff2 

10.8 

4. I ~: ~:;~/ps 
4.1 
5.4 Side slopes 

=I}I 
4.1 

4.1 ~:77~~~~ 
4,1 

4.1 

4.6 

T= 74' 

Contraction 
grooves 
spaced at 
opprox, 12" 
cer;ters. 

Hydraulic 
design was 

based on 
Kutter's 
formula 
"n"" 0,014 

SPfcificonons 
No. 1/48 
Contract 
awarded 
3-9-46 

J'.-8j"Radius 
at toe of 
sloping side 
of canal 
secfion. 

Z 
o 
r: 
" -' " 

" 0: 

~ e 
Z z 
'" -
'" 

Water 
Surface 
Measuring 
POint A 
located 
at mIle 
10.70. 
Sta. 
598t40 

POInt B 
at mile 
12.94. 
Sta. 
7f 9+ 74 

Equations 
In 

statIOning 
present 
in this 
reach 
between 
POints 
A and B 

>

" "-'" 
o~ 
000 
0::> 
I <fl 

>- " "'''' "" 

>
>-

" S 
w 
> 

{m.p.h.J 

..... 
'" " 
'" '-

'" ~ 

2 
o 
t
'-' 
W 
cr 
o 

>
z 

o W 

o " I "- 00 

>- ° ::> 
<f> w 

" :5 
" 

5 ~ ~~~ 
~ ffi ~ ~ ~ 

>
z 
o 
0.. 

W Z 
",0 

>- :z 
AV. 

WATER AREA 
DEPTH IA) 

(d) 

COEFFI Cl ENT FA C TOR t-___ N_UrM_B_E_R_S __ -+:.:N.::U:::M.::B:::ER+ __ C=_~ ~ ~ 
METHOD 

OF ~ ~ >-ou 
t- I- ~ MEASUREMENT ~ 

W 

" 

" i= 
00 " w> 
> w 
" -' 

5 0 
> t

Z " 
~ 

> -" 
'" W (ft) 

TREK: 

2 R';, vs;g 
--v--

Manning'ls"n" "f" 4RV 
2/1/2 V 

149R3Se =8RSe g 

(ft.') eft) (fp.s.1 1ft.) V V' (XIO') (X 10') 

r____-----I--- "", is ii; ~_~61.O I 4 iJ.581-'! ... .4,,3,--1-.,1':'0':'0'-7+"" 0"'.::.9'-7+-:::4 ..• 2c':0_+"-0 ... 2:.-7 __ 4+----+-----+_-------'-+-------1__---+ ______ -+-_____ + __ ~ 
4233 60 M2 ~1'~ '" 1':_ lO.92 _4 __ ._24_-+_0_._2.:..8.:..0+--,1._3_6+_,-,1 . ..:.5_j----,0-,.-0--1-8-6- .!l..()_17_9_ 15.3 +-_3_._6_3 __ +-0_.21_1---+ __ 1_2_0---1 

..... 1;'1>:Q 1:' vi B 459.64442.42 17.22 990 10.87 4.28 0.285 
I----j----t-----+ ~u8 2 t ~ l ~.+-'-'~~~~..:"__!--'C:::::-:-1....:::=:--t-':'~~~--_4----_4----------~-------.:I-------j---------j------+_----__j 

--.---r--:-:-:.-- ~ 5 ~ a '" <5 L~Q7 --'I-- E19_ iQI?.~ _4·II3_c2~2~L2.f--__ ------l----------t-:c-~-:-::-c-l--=--::_+------+ ---c.---
4235 60 M2 r:8-~ ~~1:' --~-------f--f-.- /0.95 _4..2..?._Q:.?!'!" 1.35 11.4 0.0186 0.0180 15.2 

-~iG-<-'::s-g- B 459.71 17.2999610.904.250.281 C---
~---+-----+-----l~§~ ~~~ ~-+~~+---~-~~~+_~~t-~~t-~~~-'-"-~+_----t-----+_--------+_------+_----+_------+_----~----~ 

+~ ~~-:;:.§ g. ~ ~_ 4:§2.7B __ 17.20 _9B9 10.86 4.28 0.285 

4234 60 M2 2~:t:EU\al_-+-----+ ________ )--~o'!3-'-- __ 4.31 0.289 1.35 
"-c.~"--,,, ..... B 459.42 17.00 973 10.76 4.35 0.294 ;-----+----f---..., 1:: u ~ a ~ ~ 

c::=- -- glk~ ",,-1: ~~~O~.-6:c8+-~-+":::7"-.I .. O 981 10.81 4.31 O'?~I_--
4227 60 M2 il" '" Vi.§ ~ t-__ --+..:.I.-:-O.1'£1_4.3Lc2.?~ ...!.:J54_1c..:1.:..4---.:t-'-0'-.0"1,,7.::.8:......+'-0'-.0 __ 1..-6,,8'--+_'..-5,,."_5+....c::.3,." 5 .. 3,---+-°".",2.0.:'7--1---.:'.::.2,,4---\ 

1---- ---1--- ct~c§f'ti 8 B 459.32 16.90 965 10.7; 4.38 0.298 

--.-- --------+----c--+------\---
I J:i..l--o.,Q'-I3IJ. __ I-0. ° 170 15.5 

------. -_.-1-----

...J j:. od; 
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REMARKS 

Water surface elevations for 1958 tests at Points A and B were 
computed from measured values obtained at miles 10.44.12.25and 13,99 
A head loss of 0.037' was deducted for the 16 - foot timber bridge 
at mile 10.45 and a uniform water surface slope was assumed 
between Points A and B. 
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REMARKS 

Water surface elevations shown are average values for three 
individual sets of measurments made on each day_ 

Water surface elevations were read to nearest thousandth foot 
for the 1960 tests and are recorded on thiS sheet to the nearest 
hundredth foot 

Values of Ile were computed using an overage of readings 
made to thousandths of feet 

Water surface elevations shown are average values for April 7&8. 

*Oata from tests marked with asterisks were used an 
Figures 5 and 8. 
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6 78 229 6.6 contraction '" 1= ~ -::: t ~ ~ ;;; ~ ~ . ...!l.;..73 64.35 8·3£.01J11 __ . 4.86 e-J.6_£J,i!-_495 ~---t--- ____ ~ ~.~ ~ ~ 
7 46 40911.8 grooves@PointJl; .: ~ ~ ~ 1060 M2 -::;~'tE; --+----f-- __ c-__ ~ __ 4.B3 _~ 0.505 1.40 _~_0~153 0.0159 9.08 -~ .Cc_".g:~ 
8 20 573 16.5 12' centers. @ Sta. co 5 " ~ "'.Q" I 71.31 63.06 8.25 184 4.80 5.76 0.516 __ 

3369 

83 ~ tJ L. '"-'"-c:::::, .~~~~c:: 
- 9 132 287 . Hydraulic 1297+61 ~ q -t 1----+-+ __ 1--- '" -l!: Q "'.~ "'fi ~~ -2 
- 1---+-+ ___ +--,I ___ O--'L... __ :::5:::8 __ +---,3~5~8'--j-,1",0.",3'1deslgn was _ ~ E; ____ +-+-+__ _ ~ ~ ~~ f--'-"--- ____ _ -0 ~'-;;; '--0 

Av.= 69 333 9.6 based on" :;: -0 ':' - H 7273 6 35 83 ---- -4-86 569 -as -- --- ------- -l:' '- '" 0 

- 1---+-+-----+---'~=A-.-=--4..:,--=5'--'--+---=:...JL:..:..:..j Kutter's '" ~ " " ~ -g ~ -.1-'-:-' -I----i.-- . __ Ii.. l88-----'----"~ --. . 03 ------- _ - - 1---_. -.--f--'--I------+----_I '" _ -0 -;; ~ 
~ 3369 ~cu'-'rvature Index = 0.62 formula ~ ~ t r'O_7~O--+-_+--.!A.?.... 0.2 ~;;:"--I 7-'-31 --6--3-'06 -8-2'-5 -.,-84------""-4.,83

0
. - -=55.7-5 Q.5j 4

7 
1.40 41.5 0.0151 0.01 56'---+_.:..90..1_7+ ___ 1-___ ._ .~ ~ ~ ~ ~ 

~ "" -g r£ G ~ -g '-1-;;': f.......:-~- ---~- ---=--- ~~-- .. _ ~- .82 0.52 ----. ~-------+_----e_-__+----+------+--_I ~ c::n ~ ~.s: 
9.4 Curves per mile n "0.014. ~ ~ '" a ~ Q; Cc ~ ~ _ 

_- Spec No 748 '" " ~ - I _7_'.3' 63.06 8.25 .1-=-8_~4_+_4:....8__'0_+---'-5.:...7-6-- 0.516 Q § c;:: !G ~, 

I 
Concrete Untfor ~ ~ E ~ - .- ..c:: - V) 0 -

,170 2153 If 43 287 8.3 II'nlng was 1060 Flo _ '--' '" 4.79 5.79 0.521 0.812 37.7 0.0142 0.0139 916 "'::C'-'~;;:: '" r-- -- -... ",~ ~.::::.. -+-- --::-!-:-:::-+------~--?o: ~ 0 ........ Q) 

12 39 1433 41.3 completed - 0 0 70.40 62.29 8.19_ 182 478 583 0528 '- - aU ~- - - - Q) 'Q- 0·- • .-...... V) g V) ~ 

, 1-----+---I ____ -t __ .. 13'--L-__ c:6.:..7 __ ~..:3-'4.:..7+1.::.0 ... 0"1 on 10-17-38. ~ '" § "" '" a '- " '-
~ I----t--t-c-- r---- <+= 3 ~ 5 (J ~ ~ ~ 
,_ _"- _____ _ t---'-'-A"-v;....= ____ .:.5..:0--,-+_""6---8---9'-l.:..1;::9."-19 2 ,'2' '::'"!? ~_~.:>' 63.06 8.25 184 4.~0, 5.8_2=+-'0.:...5:..:2:..:7+---+---- _. __________ ~ _____ ---+ __ + ___ -__+---e_- ;-: '" !2 ~ , 
~ - 1-070····60~'-- -~ ,- IiiI -s __ 
,171 6-21'622153 £21" 149' ___ C£_ - '--_4..19 5.84, 0.§}2 Q.BQ0..lZ.J. 0.0140 ... 0.()135 9.24 1.89 0.43",3~-1---,-1",3-,,8_-1 24 C:;: ~ t-l!: 
r---- I L.. &; ~ -g r---- --- -+-- -...; 0 
~ Curvature Index = 0.35 __ +_ -l!: <J) -<:: " 70.50 62.29 8.21 183 4. 78_1-5~s.... Q.5}2 ___ f--'- '" ~ § <3 :;. 
_ 7.4 Curves per mile 0 ~ '" -<:: a 

~--r---_+----'~~~'--L~~~--r-------+_----+_--+_--+_--~----~---+--_+--~:;.------+_~--_+----~--~--_+----+_--~----~--+---_+-------4------+_--4_----~----+-----r---_+--~:e: 
- -- .. ---t-- \---
- ------ I--- ---f--- ... ---- -----1---"- .-~ 
- I---- -------- ---

-- - f--- --+-----+---1 
I---- --- --'---1--- ---.- ---

-- f-- - ----- --- ---- f--- -C----
- - ---j--- ----f--- 1----- --- -----

1---
-

--- --

REMARKS 

" Data from tests marked with asterisks were used 
for Figures 5 and 8. 

CANAL CAPACITY TEST PROGRAM 
ROZA MAIN CANAL- YAKIMA PROJECT 

SUMMARY 5 HEET 
PROTOTYPE TEST DATA 
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~ TEST REACH DESCRIPTION TEST MEASUREMENTS HYDRAULIC PROPERTIES OF TEST SECTION ROUGHNESS FRICTION 

w 

u'" Zw 
w", 

:;;" 
"- " w Z 

'" 

-
.'.!3.... 

-

REYNOLDS' FROUDE CHEZY 

O~ <t HORIZONTAL CURVE PROPERTIES ~ I- W:ND z DISCHARGE ~ lL~ WATER SU:FACE 

g:~ DATE LENGTH DATA OF ~ ll.. ~ j- 0 0 ~ 5 ~ O:;~ METHOD z w6 >- Z 
AV 

WATER 

DEPTH 

(d) 

w>-
'" '::: ",u_ 

':{.2 

2g 
co E F FI C lEN T FA C TOR t-__ N_UTM_B_E_R_S_-t_N.cU_M.::.B.::.ECCR I--_C:""---1 2 ~ 

-' '" f---,-----,---,---l -.J ~ 0 ~ U j- 0:E !;t ffi w 3: a: ~ ~ f= 
;;0 (ll) CURVE DEFLECTION RADIUS DESIGN ~~ g~ 3 ~ ~~~ 3:~~GG OF ~:; 

:;; 0 

> >
z '" 

AREA 

(A) 
",0> 
w~
> w 

1R,EK= IF: ...J ~ ~ 
Mannlng's"n" "f" Ir;::--- c= 0 I- <I 

, 4RV 2R/'V S,g ~ V'T __ v_ ~ 30 
<12: SECTION W 1L.. :r (/) W a:: w r.n W I- ~ MEASUREMENT ~w > w 

0<1 (ft.) No. ANI1G
oLE (;tl

) ~ ~ ~ ii (:P.h) 0 ~ .~ (cfs) OF.I- ~ <l~ 
~ 

> -" 
'" W (ft.') 

'" > 

! f p.S i 
149R

2
/3S:

2 
:: 8RSe 9 V --,,-- gA VRS: ~ Q. 

v, (X 10') (x 10') RSe (ft) 

r----

_.j--_. 

7-31-5 

8·2·60 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

" 12 

13 

14 

15 

16 

17 

19 R t. 
18 R r. 
/8 L 'f. 

18 Lt. 

21 R t. 

31 Rt. 

10Rt. 

25Rt. 

50Rt. 

41Rt; 

7 7L t. 

85Lt. 

29L t. 
BIRr. 

29Lt. 

27Rt. 

21Rt. 

Q =!OOOcfs 
W.S.Meas. 

200 6.2 

200. 6.2 

8 = 10' Point A 

d~8.98' @ Sta. 

160 4.9 S ide slopes 209+-88 

160 4.9 =fi:/ fMi.3.85) 

300 9.2 A~190.4ft' 

140 

300. 

200. 

4.3 V=5.25tps WS.Meas. 

9.2 R=4.93' Point B 

6.2 S~O.OD03 @ Sta. 

200. 6.2 HolD' 290+-40 

200. 6.2 T o 32.5' (Mi.5.37J 

120. 3.7 

120 3.7 Vertical 

300 9.2 freeboard 

300 9.2 to top ot 

200 6.2 concrete 

200 6.2 lining =1.02' 

200. 6.2 

3 c. M. 

990 57 MI 

--- --.-~~~ 
/ C!.!.E. 57 flow 

" u..~~!~~ ~..c: 
985 6/ flow ~ ~ 

___ _ ~~if~~ 
/000 61 flow 1---. --.1---

, ~ 

~ 
Q ~ 

<> 0 

~ ~ 
u ~ 

~ ~ 
Uniforn \I) 

1020 63 flow 
f---=-+-~+----

Uniforr. 

Meos. @ 970 65 "flow 

Mi.5.68 

A 99.13 89.98 
.. - -1_.---

8 96.86 87.68 

A 99.34 89.98 

8 97.0287.68 

(ft) 

9. /5 f95.9 

9.18 196.9 

(ft) 

5.01 5.05 0.397 
----_. __ .. 
5.01 5.0.4 0..395 

5.0.2 5.03 0..394 

9.36 202.9 5.1D 

5.0.9 
1- .--

9.34 202.2 5.09 

5.0.5 0.397 

5.06 0.398 

5.0.7 0.400 

v 

j---f-.---- - j---- ----
2.27 28.2 0..0146 

.-j---.~-
0.0143 7.98 1.69 0.364 134 ---f---.-.. -.. ~- -.- .-. - - .. --

2.32 28.8 0.0148 
------ -- 1---... ---.--.-f--.. ---. 
o.:01_4:7_~ _______ ~I-__ 

A _ ~9.22.~!1:EJ8 9.29 200..6 5,(}.!... _'l-~fJ.I_ 0.375 --f--.--1_------1-----

5.0.7 4.91 0..375 2.30. 28.6 0.0151 __ I.....::.o.'_.O=---15=_5-+_8 __ 3_~I--___ . I--.~_ .. 
8 96.97 87.68 9.29 200.6 5.07 4.91 0.375 

A 9.!2~ ~~ ~.z.!....'-~~ 5.0.6 

5.0.5 
j--- --j---- -_._-

8 96.92 8768 9.24 198.9 5.04 

5.0.0. 0.389 

5.01 0..39'-

5.03 0..394 
8.48,-+_. __ +-__ +-___ 

f-A_+~9~9~.3~1~8=---9.'-9.::.8~9~·:C3=-3_+~2.~0-1-.9_+-5'-.=-o.=-8_+-5=-.=_0=_5-+=0..=-.3_9 __ 7 f--.--+-----t---------4-------4-----4-------+------+-----
f-_+--~--~--+----+-5=---.0:..-7 5.07 0.400 2.34 29.1 

5.06 1-;'.09 0.40.3 B 96.96 87. 68 9.28 200.2 

0.0147 0.0148 8.86 

A 99.02 89.98 9.0.4 192.4 4.96 5.0.4 0..395 

0.0/46 
f-----~~~~~+_~~-f-~~t--~~~~~+_~--

f-_+----~----~----4_----+-4.:..=-.9~4~~5~.~0:..7-+o.~.~4:..0~.0~-2~.37 29.4 
B 96.6487.68 8.96 189.7 4.92 5.11 0.406 

0.0145 8.87 

f-- ·2 
178 ~ 

f-- ~ 
8-3-6C 

A V.->- 34 

I,j~570' 

206 6.3 Hydraulic 

design 

I C. M. Unitom 

Meos. @ 960 65 flow 
A 98.95 89.98 8.97 190.1 4.93 .c5:.c.=o..::5_+0:...=-3~9=--7+-----l---+-----+-----+----+-----+---+----t 

4.91 5.09 0..40.3 2.38 29.6 
f--+-~-f-~--l~~+-~-+~ 

0.0.145 0.0145 8:85 

f--- <; Curvature index = 0.35 
11.1 curves per mile 

based on 

Ku tfer's 

F 
-

180. 
-

-
-

~ 

-
-
~ 

r--
I__ 

~ 
f--
1-

~ 
f--
t--

f-'.B..7. 
f---
-
188 

-

-

Iii9 
-

-
-

--

-
~ 

I
I--

f--

1---

-
I__ 

. -

I_ -

t---

1--

() 
-·I_··r~ 

I 8-4-60 
t ~I--r 
~ .0' 
~ 
0.. 

5-8-62 8052 
'" 1--- .. 
~ 

::0 

Point B was located on Curve 

No. I 7 for which LJ = 28': 75 % of 

curve was upstream of 

Point B. 

Formula 

"n"=O.OI4 

o 
::0. 

{8 37Rt. 200 6.2 Tronsv~rse W.S.Meos. 

17-8 -59 -36-49 19 31·Lt. 300 9.2 contraction Paint C <; j----- -- ---

!: f-_ _+-fl---l-..:2:..O=---t--=2c..1-,,-t.-j--=3,-0=-=.0-+..:9..:..2=-j groo ve s@sto. 

~ I_---t---t /_--j-_A_V_->-~ __ 3_0 __ -+-_2_6_7~_8_.2-j @10'toI2'2 9 <;r8 7 

C.) 7-9-59 XLJ e 89 0 centers (Mi.5.4/J 

7-27-5 

7-28-5! 

-31-59 

8-2·6C 

8-3-6(; 

8-4-6(; 

5-8-62 3649 

j-------

I--- ----

1---. t----

Curvature index:; 0.12 
4.3 curves per mile Spscification 

Point C was located on Curve No.e8S W.S.Meos. 

NO.le for which .d=63.o4f%of Bids opened Point D 

curve (37°)was downstream 12-21-39 @sto. 

of Pain f C. 329+36 

Construction (Mi.G.IO) 

camp/Med 

in 1942 

2.85'Rodius 

af toe of 

sloping side 

of canal 

section 

Q 

'" 

" ~ 
" ~ 
Q 

U 
~ 
~ 

~ 

Q 

'" 

Mi.5.68 

I C. M. Unifom 

Meos. @ 970 65 flow 
Mi.4.57 c----. ----.. 

2 C.M. 

Meos. @ 

Mi.5.68 

~ 
Q 

.Q 
o 

---- - .. -1_--
555 52 MI 

t---_t---_~ifarn 
1000 6/ 'flow 

<0 

~ :i t 
~~~!~-~~ ~ ~ .~ 

~ 0 ~ 

Unirorn ..... ~ g. 
OJ "2 -I-

970 65 flow 1::1 t 
o 0 ~ 
~ ~ ~ 
~ ~ 

.Q (J) -.- -- c:: =:! 

960 65 M2 OJ \I) 

--'----1,- ~ ~ ~ 
~ ~ '" , Q 

970 t-s5-~- ~ ~ ~ 
----. -~f-- E ~ 0 

.2 C) 
~ ~ <0 

55552- MI ~.; 0) 

-1_-. (J) 

.- j---

. 

- --j--~ 

.--1-.1---
-

j--

... 

-~t-- . 

B 96.56 87.68 8.88 187.2 4.89 5.13 0.409 

5.0.2 0..392 
.- ... 

f-A_+.::.9.::.9=-. o.=_5~8-9-.-9 . .:..8~-9 .. Dc 7 193.3 4.97 

4.94 5.0.7 0.400 2.41 29.9 0..0.147 0..0.148 

8 9662 87.68 8.94 189.1 4.91 5.13 0.409 

A 96.93 89.98 6.95 129.7 4.04 4.28 0.285 

4.0.5 4.26 0.282 

8 94.67 87.68 6.99 130.8 4.06 4.24 0..280 

._--_._-_.- --~- .. 

- .. 1----.. _- -
2.27 1'8.2 0.0149 0..0162 

C 96.68 82.."!5. _9:...=_o.:..3:..+_19c..:::2:.:.0+_4,,-,,-.9..:5_+..:5:~ . ..:.1~6+o.::.:...4:":.f- 1---__ 
--

5.0.0. 5.07 0.400. 10.3 28.2 0.0.144 0.0141 ----- . __ ._- - .. - . ... ---- --- -~ .. 

0. 95.68 86.43 9.25 199.1' 5.0.5 4.97 0..384 

1.05 

C 96.91 87.65 9.26 199.6 5.05 5.14 0.410 

____ -.-1-- ----:=-~ __ -_+-5_. 0_9-+_5_._0 __ 6_ -oi.9.i.. 
D 95.89 86.43 9.46 206.2 5.14 4.97 0.384 

_.- -~~~-- -_._. 

28.8 0..0148 0.0147 

8.87 

5.06 1.14 0..345 _'.2.6 

.. -

8.03 _._1_ .. _6_8. __ t-0 __ . 3_6_7+_1 3_5_ 

- 1----. --
8.14 ~.----~----_+ _____ 

~_ 96.84 87.65 9. /9 /97.3 5.02+ __ 4_._9_9+0_._3_8_7+_ --i---t-- . ___ 1-___ +-___ +-___ 1-__ _ 

o 95.76 86.43 
_._-

9.33 
5.0.5 4.93 0.378 1.10 302 o.:C!'.5.5~ ,,=-0~-'--1--8.3<1: 

20.1.9 
- --j-----

5.0.8 4.88 0..370 

C 96.80 87.65 9.15 195.9 5.0.1 5.10 0.404 

5.0.3 5.0.6 0..398 
I--

D 95.68 86.43 9.25 199.2 5.0.5 5.0.2 0..392 

~~.83 87.65 t-3.18 196.9 5.0.2 5.18 0..417 

5.0.5 5.12 0..407 --;'01-30.2 0.014-9 
1-- --- --- +---.- +- - --.-- -~- ---- ---. .---f--- .--

0. 95.75 86.43 9.32 20.1.6 5.0.8 5.0.6 0.398 

C 96.45 87.65 

I~I------·
D 9530 86.43 

C 96.4/ 87.65 

8.80 184.6 

8.87 186.8 

4. 855:.<'.t5_ ~~ 1__-

4.8 .. _7.~5_~.2:..2~~o.-.4-2--3~-I-.I .. 6.-

4.89 5.19 0.418 

8.76 183.3 4.84 

31.8 0.0144 

..--1------. - -.-- --.-- .-
0.0.157 8.53 

---1------

.0..:..0. '-59.. 8.9,,-. ______ +-__ _+--__1 

._---j----
0.0142 9.01_1 ____ +~ _ _+---__1 

_. - 5.24 0..427 
-- . - - ...... --- --__+~--~+-~-f-~~__1~--

1--
o 95.10 86.43 5.32 0..440 

4.81' 

8.67 180..4 4.80 
5.28 0.434 1.30 35.6 0.015..:2::.....-+.::0-'-.=0.-'-15::..::.8+..:9..:. . .:.0~2+ _ ___ .~ ~_ .--1---- .. 

e-£.. 96.45 87.65 _B:.8_o...r'-I3-406, _~.:!J.~_+~25 OA29 __ _._+--____ .. __ _ 
4.85 5.27 0.432 1.25 34.3 0.0150 0.0154 9.06 

D 95.19 86.43 8.7-6-+-1-8-3-.3+-4.84 ~ 0.435 

C 94.57 87.65 4.31 0..289 
----

6.92 ~~ 4.03 

4-.08 

7.14 134.9 4.12 

4.21 0..276 1.0.3 1'8.2 0.0/52 0.0167 124 

D 93.57 86.43 

_._-

1--.---
--t----. ~ .. - ~ -.- -

_ ..... 
4.11 0.263 

- ~-.. -I----.---l----... ---. - .-.-j--------

.. ~I-.--- ~-I~~--+- ---
.. -.- r- ----1------. .~I__----. -- -~--

--+-~+~--~__+--.. ~-- f--. -/ .. - -

.- 1--.. 

... - 1-.. -I-.. --j---- 4_~~_+~---- ----

--

--- _. - --~ ---

.-.----. I_ --- I--

--- -1----

I------f-

1-----

-~---I_~--+_~--l 

._j--- ----1---

(Years) 

C) 

'" 

REMARKS 

Canaf treated with I lb. Cu 504- per c f s in one hour, 8:30 

to 9:30a.m., on 7-6~59 @ Mile O . 

Canal treated with I lb. Cu 504 per c f s in one hour after 

test measurements on this day (7-27~59) @ Mile O. 

Conal treated with 2 Ibs. Cu 50 4 per cfs after test measurements 
on this day (8~2~60) @ Mile 0.0. Last treatment (2Ibs.percfs) 

prior to this test was made on 7-20-60 af Mile O. 

Last Cu 50 4 treafment (2lbs.per crs) prior fa this test 

was on 4-30-62 of Mile O. 

CANAL CAPACITY TEST PRDGRAM 
MADERA CANAL - CENTRAL VALLEY PROJECT 

SUMMARY SHEET 
PROTOTYPE TEST DATA 

SHEET 120F 16 I FIGURE 23 



w 
u 
z'" 
WW 

'" <Il w" 
~ CO 
w z 

'" 

.f-
-::-~ 

I---

-;{- 19f 

I---

192 
---

I---
--

-::-~ 

I---
f-

o(·>,-~ 

r-____ -, ____ ~T~E~S~T~R~E~A~C~H~~D~E~S~C~R~lP~T~IO~N----_.------~----________ -. __ ~~~T~E~S~T~Mr=E~A~S~U~R~E~M;rE~N~T~S~~~~~~~_,----_+~H~Y~D~R~A~U~L~I~C~P~R~O~P=ErR~T~I=E~S~O~F~T~E~SrT~S~E~CrT~I=O~N~ROUGHNESS FRICTION REYNOLDS' FROUDE CHEZY 
HORIZONTAL CURVE ~ WINO DISCHARGE ~ a:: WATER SURFACE AV ~ oc w>- y2_ f' NUMBERS N1JMBER C ~ {!) 

DATE LE;GTH DATA PROP~:TIES ;;i. ~ ::; ~ U

O

;: ~ g ~ ~ ~ !~~ METHOD ~ ~ g ~ ~ ~:;~: AREA ~ ~ g ~~ 2g- ~e ::0 ::::~~::s~'~~ FA:T,OR t--lR-O--t--lR-E-K-O--+---lF-O--I--C-O---l~ ~ ~ 
IL) I-----~-------.----------/ DESIGN - 0 ~ u r ~ '" ",0. -~~ OF - '" ~ IA) 0 4RV 2R't,vs;g IJV'T V <DOo 

I CURVE DE:~~~:IO'J RA~:US SECTION ~ ~ ~ ~ ~ ~ ::; 0 ~ ~ ;: ~ u MEASUREMENT ~ ~ ~ : § (d) ~ ~ ~ ~ hv LI 149R'I,S;' 08RSeg V --,,-- 1 9A -I{;-R-S-
e
- ~ ~ 

1ft) No., ~o 1ft.) ~ '-":>:> Im.ph) "" \cfs) of. ,. W '" W (ft.l (ft') (ft) (fps) (ft) 1ft.) (X 10-') V V' ('10
6

) (XIO') 

I---f---.--
21 15Rf. 300 If.7 Q==823cfs 

7- 8-59 5 I 3 7 1 __ 2=-=2 __ 1-__ 7..:.L:..f..:.. __ -1--'3:...:.°..:.°-1_1..:.1._7_1 W. S. Meas. 

" f-- .. 1=-. '-. "'+-A..:.V~'-_>-...J __ ..:.fI 300 fI.7 

Id = 22° 
co 
~ ~~ __ L-. Curvature index =0.02 

o f--- _._ __ 2 Curves per mile 

!..) f----f--. 
~ 7·27.~' __ 
u 
~ 

'" ~ ----
Q 7-28-:% 

;;; I------i-----l---I 

~ ~--~--
7-31-59 

8"'8.0' POint E 

d =7.08' @l Sfa. 

Side slopes 33(1-84 

;:';;/ (Mi.6.14) 

A = fl9. Iff' 

V=6.91 fps WS.Meas. 

R=3.90' Point F 

S=0.0007 @l Sfa. 

H'8.08' 383+21 

T025.7 (MiteZI3) 

Fb=I.OO' 

Uniform 
--1---

900 57 flow 

945 

910 

57 

61 

'unifor: 

"flow --

__ U~~ 

E 95.13 87.70 7.4-3 128.2 
--- -----

4.05 

4.04 

7.02 

7.05 

0.766 
- ----f---f-- - --- f-------
0.773 3.60 70.1 0.0142 

F 91.52 84.13 7.39 127.2 4.03 7.08 0.779 

E~~8 ~c79.. 7.58 132.2 4.127.150.795 

0.0147 8.98 1.93 
----- c--
0.567 133 ---- ---1----

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

2'11 __ 7.20 0.806 3.62 

F 91.64 84.13 7.51 130.4 4.09 7.25 0.817 
70.5 .,.()-,--Ol_~ ~~4~ 9~ --.... f---- __ .. _ 

4.13 6.85 0.730 
------

1---+ ____ I--- I--- .. _ _ _'! '-'---1-6-,--~,- 0 7_~ ~ t-!°·L~,()~4:!......c_E_-'-· 0=--1 5=-_7-!--=-9..:.. 5=_0=--+ _____ -- I---- . __ 
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See preceding sheet (Figure 23) for Remarks and details of Cu $04 treatments. 
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were used for Figures 5 and 8 
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Test reaches A -B. E-F, and I-J were short lengths which included check structures and were omitted from this sh~et. No in-fine 
conal structures with pIers existed in reaches listed on this sheet except J-K. Data obtained at Station L appeared to be in error and were omitted. 

Observed W.S. elevations were adjusted ( to nearest thousandth foot) based on rising stage during test period as indicated by W.S. recorder charts. 

Adjusted values were used to compute vaiues of LIe and have been recorded on this sheet. Seepage and evaporation 105ses during tests were 

considered to be insignif'icant within the test reaches. No chemical treatments were made prior to tests to retard aquatic growth. Considerable 

cracking in the concrete fining was noted during a November 1961 inspecUon. A t fhat time it was also noted that a large percentage of the concrete lining 

surface was covered by a crust-like deposit. No aquatic growths on the concrete lining were visible from the surrace during 1962 tests. 
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~ ___ .-___ ~T~FS~T~R~E~A~C~H~D~E~S~C~R~ITPT~IO~N~_-, ___ ~ __ ~~ __ ,-~~~T~E~S~T~;M~E~A~S~U~R~E~M;E~N~T~S~~~~~~_,-_~~H~Y~D~R~A~U~L~I~C~P~R~O~P~ETR~T~I~E~S~O~F~T~E~S~T~S~E~CTT~I~O~N~ROUGHNESS FRICTION 
WIND DISCHARGE ~ a:: WATER SURFACE 

REYNOLDS' FROUOE CHEZY 

NU MBERS NUMBER C ~ 't. 
DATE LENGTH 

HORIZONTAL CURVE 
DATA 

~,. 
"- :> 
w Z 

I L,) f----TD-E-F---~--~--I 
CURV~ LECTIOfJ RADIUS 

PROPER TI ES 

OF 
DESIGN 

SECTION '" 
1ft) 

~ 

210 8-1-62 4_36 
~ 

-
-- ..... ' .. I---c---
7'31·62 4_ 3 6 

f----~ 
~2 8·1·s.<'~_50 

I--
f-- --

~ 7'31·62 I/' 50 

No. ANGLE R, 
1ft. I 

Max. Q = Pain t A 

45 Rt. 358 12.5 1500cts @l 510. 

Curvature index =0.52 

12.1 Curves per mile 
( Includes 23 f 60 

flood inflOW) Pain f 8 

8=12' @Sfo. 

d=7./7' 27f96 

Side slopes POint C 

2 15 L I. 573 20.0 ::Ii'l @l S 10. 

Curvafure index =0.30 

21. I Curves per mile 

A =150.3ff.2 30+46 
V:: 9.98fps 

R=4.30' 

I-
f--

~---4------+-------------------------~ S~O.0013 
H = 7.6 7' 

*~ 
I--
t--

8-1·62 424_ 

* ~ ~ 7'31·62 4_24_ 

S trai gh/ 

T029.93' 

Vertical 

freeboard 

Pomt D 

@l S to. 

34+-70 

I-
f--
216 

f--

~ ~---+----~------r-------.-----.----
to top of 

" ~ ~-__f----- concrete POint E 

a: 8-1-62 3 13 3 37 Lt. 477 16.7Iininq=0.50' @Sta. 

I-- ~ ~---+-----I 
_.-
217 

f--

I--

o 
L 

~ 
l.) 

1----- ----
7·31-62 313 

Cur va ture index:: 0.59 

16.9 Curves per mile Transverse 

controe tlon 

grooves 

spaced @ 

3 7+ 75 

f-- " ~ ,~f.=8:....~I-:.::6:.::2+-_=3_4-~6-=-j-_4---'..L_5=8=--R:...1.-=-L.:2=-8=-=6.-L:...10:::.=-i0 opprox.12' Point F 

r---- ct Curvature index = 0.84 centers @ Sto. 

r-- c:: 15.3 Curves per mile 4/+21 

!.!!- ~ 7-31·62 34_6 Hydraulic 

~ ~--+---1----""""-----,~--~--1 des i gn 
.g 5 15 Lt. 573 20.0 based on PoinfG 

~ f- 8-'-62 474 (5 17 Rt. 573 20.0 Kutter's @Sta. 

~ ~ ~ __ -+ ___ +-A..;V.;.' -_=---'--'--'1.:.6 ___ i--=5:...7:....:.3.-L2~0::: . .::.j0 f o,-m /.J I a 45 + 95 

1: tJ 0 32· "n"=0.014 

~ 7-31'62 

" 
4_74_ Curvature index:: 0.34 
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8+62 560 

7-3/-61 560 
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24"Radius 

at toe aT 

sloping side 

of conal 

sect ion Point L 

@l 510. 

~--+------+----'----r---r-- Specifications 51 + 55 

No.2855 

~_-+ ___ l----,_+--=8_=6:....::Rc:.I''---1_1-4.:...:::3-+~5c:.'0,,- Bids opened Point J 

e"-62 1539 8 88 Lt. 115 4_.0 1-10·50 

9 22 Lt. 286 10.0 

10 37 Rt. 286 10.0 Canal 

@ Sto. 

66+94 

~_-+ __ --il-A_v_. -_>----1 __ 5_8_1-1-2_0_8....L_7_. 3-1 de d i c a ted Po in f K 

1:' Ll :: 233 0 on 7-21"51 

7'31'62 1539 CurvatlJre index:: O. 76 

13.7 Curves per mile 

1/ 

Normal Q 

@sta. 

78+00 

36 Lt. 382 13.4 =/300cfs Point M 

>-8--I---6-2+-1-1-0-6-11--1-2--f---3-0-R-I-.-I1-3-8-2+1-3-.4-1 d ~ 6. 64'@l510. 

1-_-+ ___ -II-_'3_+_I_I_L_I_. -11-1_14---,-6+4-...:0_'_11 A =134.8ft.2 80-1- 75 

1-__ -+ ____ --1I_A~V~.-->--~----=2-=6----1_6~3~7-L2~2--'.3~ V=9.64fps 

7"3/"SE. 1106 ~Ll =77 0 R=4.05' PoinfN 

Curvature index = 0.35 

14-.3 Curves per mile 

T 0 28.60' @lSlo. 

Vertical 83 +64 

freeboard 

e:8_._I._6_2+_-2-7-6-11--'-4----...JC--7-3--...L-I-4--3-L-5-.0-1 fa tap of Three 

Curvature index =1.32 

/9.1 Curves per mite 
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8 00l-+-+ _M_2---j 
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800 MI 
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1:) '- <lJ 

~ ~ E 
:: ~ c: 
a ~ a 

-c> a EO 

'" ~niforfj .~ ~ :; 
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<I.l ~ "0 

1290 flow 

1290 

800 M2 ----I- - (---

'!Jndo", 

1290 flow 

~ 2 E c------
~ c: <I.l 

._ 0 L 

~ a ~ 
.5' a ~ 
, + ~ 
~ tj- <I.l 

L "' ~ 
~ -: ~ 

..Q ~ t:l 

'" (J) c 
~ 
~ ~ 

1----------
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1----

Unifom 
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Unifom 

flow ._ .. -

~ 0 .: Unlforn 
-c> '" t-~~-I-~-~ o ~ u 800 flow 
<I.l ~ ~ ~.- - --.----

~ g ~ r---- -~-I--_1 
s : ~ t----- -~f--+_-_1 
~.2 Q. ~niforn 
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~ ~ f-----1-+_+--~ 

flow 

(J) 
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1-----+--+-+----1 
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AV 
WATER 

DEPTH 

Id) 

~ oc ~ ~ COEFFJCIENT FACTOR r---r----r--.:..::.+-=-----\"- ~ 
z 
o 
"-

W 

A 5294.a:~28l3 7 -'-'- _._--'-'-1-- .. 

8 93.65 86.77 

f-A_ 92.48 8737 

8 

8 
f---

f-
C 

92.07 86.77 

93.65 86.77 

93.20 864_3 

1ft) 

6.&3 

6.88 

5.11 

5.30 

6.88 

6.77 

AREA 

IAI 

(ct.') 

:::J (j) <t 0_ 

~ :J ~ 32: 
o 0 > w 
>- <t <:[ > 

" '" 
1ft) If p 5) (ft) 

~e 

Mannlng's"n" "f" 
, 'I 

=149R
/
'Se

2 
:= 8RSe 9 

1ft) v v' 

1~~.2 ~.~E.E. 1.316 
---------

14/.6 

93.9 

98.6 

/41.6 

138.4 

4.16 9.15 1.302 0.576 132 0.0153 

4,17 

3.32 

3.37 

3.4_2 

4./7 

4. /5 

4-.12 

9.11 1.290 

8.52 f-1.128 .. _ 

8.31 1.074 0.515 118 

8 /I 1.023 

9.1f 1.290 

_ ~2'-t-'-:.:. 3:..cl, 94 -=0:.:. 3=-8=-=-9+.~ 
9.32 1.35f 

0.0138 

0.0162 

0.0169 

0.0148 

00196 

4RV 
V-

Ix 10') 

10.6 

7.83 
-~-

/0.7 

'IRE 1<:: TF~ 

2R\vs;g \1 V'T 
--,,-- ~ 9A 

Ix 10') 

--.-f---.-. 

---_.-

----

--

-_._--

8 92.07 86.77 5.30 98.6 3.4_2 

3.4/ 

3.40 

8.11 

B.15 

1.023 
.--'-f-

1.033 0.358 14_ 3 O. 0/5 7 
-------+---1--.- .--- ----+----( 

0.0189 7.77 

C 9/.69 8643 5.26 97.6 8.20 /.045 

I--'-C-+=-9.::.3':.::2:.:0+8:.:6:.:. 4--=3-1-6=-.~7 7 138.4_ 4_. I 2 ~ ...:1._3=...:5=---1 +-___ +-__ +-______________ + __ +-___ ._ 
---(----

f--+--+---I--- I----- _"::.'.":...2.:..?"-.'.:E1 0521 123 O.Ol~ 0'--.~0'-_15_'_3+-1-'-0-.7-+--.--+---1---_1 
o 92.72 85.88 6.84 (40.5 4-.16 9./8 /.3/0 

3.4_.::.0_+_,8:.: . .::.2-=0-+=-I.-=O=-4:.:5~---+---+-----+----+--_+------I----+----1 
t--+ __ + __ -I-__ -l-__ +-3~.=-4-:.:24_8_.1_=3-+._I.:.:O=-2~_~~.::.2-=2~-1:.::2-=3~_.::.0=-. .::.0_1_=4-_=6_f-0=-:.:.0~16=-4-=--t-7=-.7=-5~ ___ --1 ___ +-__ --1 

C 91.69 86.43 5.26 97. 6 

o 91.20 85.88 5.32 99.1 3.43 8.07 1.013 

f--=0_+~9~2-=.7-=2+8~5=-.=-8.::.8+6=-:.:.8=-4---1=-I-=4--=0~.5~--=4-=-.-=16-+-,9:...c:.1.::.8-+:.:1.-=3:..1-=0_+---+---+--~~~--l-~~~-l-~~_l_---+----t--~ 
4./5 9.20 /3/6 0.408 /30 0.015/ 0.0164 /0.7 

f-4--~---1--+--~--~--+----1--+---+----+-
E 92.30 85.4-8 6.82 139.9 4_.15 9.22 1.322 

99./ 343 B.07 1.013 

3.42 8.10 I 020 0.415 

E 90.778548 5.29 98.4 3.41 8./3 1.028 

E 92.30 85.48 .Ei.8_2_~c" 1-.4--'-".,1-=5~_t_--=-9'-".2c"2'---f_=I.~. 3=-_2_2 
4_.14_ 9.28 1.339 0.515 

F 91.75 84.99 6.76 f38./ 4.12 9.34_ 1.357 

133 

149 

0.0152 

1-----
0.0160 

f-E 9077 854_8 _!5.c!?y_ --=-9-:8.=-4-:"'-1-_=3:.. . ...:4-..:1-+_8.13 1.02-.::.8-1-__ -l--__ -I---____ 4-

00178 

0.0184_ 

3.42 8.10 1.020 0.4-75 137 0.0155 0.0184_ 

----

7.74 
---

107 

7.74_ 
f--f---- ---
• F 90.31 84.99 

-- ---- ---I- ---- f------- - I---.-~----I 
5.32 99.1 3.43 8.07 1.013 

F 9/.75 84.99 6.76 0.!5.:'.. ~2... ~_ !.,3_,,! t------j--.-+-.----__f----__f---
f-- ___ + __ + ___ + __ +-4-_. 1...:5-1_9". 2=-0=--t_1...:.316_tEc5 6 8 I 20 0_. _0_1_4-_5 __ +-=O_ . ..::0_.1...:5,--1-+--=-1 0=-._7-+ ____ -+ ___ 1--____ 

G 9/.26 84.36 6.90 142.2 4-./8 9.07 1.279 

~_ ~'Zc:3.'. 84.99 532 99.1 3 ~.4-,-3=--i--=-8..:. 0=--7-+_1,-,,-. 0 I 3 

- -- I------+---f--.-__+
G 89.66 84.36 5.30 986 

3.42 8.09 1.018 0.64_0 
-+----1----t---- -

3.42 8.11 1.023 

135 0.0154 0.0/8! 7.74 
-----1----------l---- --~---__+-------I-------

G 9/.26 84.36 9.07 1.279 0.67/ 6.90 14~.:..?~~113 
4_.21 8.98 1.253 -.0010 120 0.0150 0.0161 10.6 2.37 ~71-6- -126-

.-- ----f------+-=-'----+--=----+---+_=_ _._ .. 

I 90.64 8364 7.00 145.1 4_.23 8.89 1.228 0.670 

G 89.66 84.36 5.30 98.6 

I 89.10 83.64_ 5.46 1D2.7 7.79 0.94_3 0.639 

-.---1-----
I 90.64_ 83.64_ 7.00 1. __ 4-~.::.5c.,I-+-_4-:....~2~3+~8~.8=9+1~.::.2"::2.:8+-- I-___ +_----+---+--+----+---~--j__-

_1-__ _ __ . 4. 2..:0c_+_9_ . .:c0_=0_~-I.-=2:..5:..9_+-=2:... . .:c0-7+-1~3::...::.5-l_-0-. 0 159 0.0180 fO.6 

i-=J-+8=-8=-'c.::5:...1+8:.:1=_ . .::.6::.3+.::.6:.:. 8:_8=--i~1~4_=1,._ 6=-+---=4_..:. 1..:7__f-,9:-=-. 1_,--1 f-'-:-"-~O f-----~I_--~I_-----l_----- ______ ~ __ _ r--~ 

1--+----+--+--.- 1--------1---+---1-----+--- --------.+-----+--+-----+---+----
r 89.10 83.64_ _5_-,," __ 6-+. _1_=0_:2:..._7+-3=----. 5_,0--+_7. __ 7 .. ..:9 __ ():~4_!. __ --l----+----=---=-~~+-=-=-=-_l_::_=_=_+----I----+---I 

3.4-6 7.93 0.978 2.01 135 0.0158 0.0191 7.67 

J 86.95 81.63 5.32 99./ 3.43 8.07 1.013 

J 88.51 8/.63 6.88 /4-1.6 4. f 7 9.ff 1.290 /.4-9 

-----1---
4./8 9.08 (2 81 ~ Oc~5_0+-_1 ,-3.0._+ __ 0_. _0_1_5_4-_!--,-0_.,,0_1_7,,0-+_1O,---. 6_1_, ___ , __ .. ______ _ 

K 87.0480.13 6.91 142.5 4.19 9.05 1.273 1.44 

J 8~c".!5..~ ..!5..:..3:..?.~9:.'... _c3=-. ..:4-:.-3~ __ 8:.:.o::0--7_+--I.-=0=-1-=3~-:I=-.-=4--6. ~ ___ _ 

_________ 1_--- ___ 3.4_5 7.98 0.990 -.08 0 125 0.0151 0.017.4_ 7.69 

K f-~5:5 4: 8~-'-3..1_5:'!.'- ~": _!..:<I:! !:f3.!... ~ 67 ..:1.:.::3:8--+ ___ ---1 ________ .t-___ -l---_-I ____ -+ ____ + __ --1 

I-K_+.::.8~7-=0:..4-+8:..0=--.1.:c3-l-.::.6 .. ..:.9:---=1 ~~ _4 __ .'_9_-1 __ 9_.0 __ 5+1_.2'--7_3+ _____ +_----

1--1--___ --1-__ -+_-:-_+-__ j-4-~.~I . .::2--+_:9:...._=3_=5"__+:...I.,:3:...6::.0=-+::.0.:-.3:...6::.2-=+_1:...3:-.:...1-+--,O::..-=0~1._4---=8-j-=0~. 0:,-15::...::.9+_=1 0:..._=8-t ___ +---r----+ 
M 8650 79.90 6.60 133.5 4_.05 9.66 1.45/ 

136 0.0151 0.0175 7.8=-0-+ ____ -+ ___ +_--_1 

6.60 13:3 . ..5. ~, .. 0.:-5-+.::9-,-. 6=-=-6+lc.4-_c._.2'.. ---+---~I-------+-----+----:8-+-:2-.4_-=-=9- fo~~ C--;-23 
__ __ 1--__ 1_- _ ~ ___ l_-4--.:.:I-=0__f-9..:c·-4...:5_+-I .. ...:3..:8..:9-+,0 __ .4-_1 3=-+_1_4---=--3 +-:....:.0.:..0:-.:...1 ::.5.-:3_+-=0=-. ::.0:...1.::.6:.::9-+:...1.-:0.:.. -=-f-~--=--+=---=-+--==-=--\ 

M 86.5079.90 

N 86.2/ 79.40 6.8f 139.6 4.14 

M 84::9~~~ . .!5.:Cl."- --"-3'1_~~ 
3.35 

---. -----l_ -- - --- --- -
N 15284.61\5279.40 5.26 97.6 3.4_0 

9.24_ 1.328 

~!5..!~E 
8.38 1.092 0.4_27 14_8 

---- -_.-

8.20 1.04_5 

0.0153 0.0182 -7.85 +---;:87- 0 755 ---11-9'
---=--+-----
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REMARKS 

A rounded concrete rldge,0.39ft.higf".,across the invert, existed 
at Sta. 5/+24. Head losses due to this ridge were estimated to be 
approXimately 0.001 ft., based on test data obtained on losses 

across obstructions aT Similar shape. 0.00/ ft. was subtracted 
from Lle value to compute Se. 

: Canal lining had cracked noticaably on this curve 

r, - - ~ 
Invert was rough and uneven in Reach K -M. 

( 

: Head losses in Reach M-N are influenced 

r-<: by additional iurbulence created by short 
, ' 

, 
.......-::: __ ...J 

radius Curve Na./4 which ends at Point M. 

-;~- Data from tests mark ed with as terisks 
were used for Figures 5 and 8. 

CANAL CAPACITY TEST PRC,GRAM 
CHARLES HANSEN CANAL-COLO.- BJG THOMPSON PROJECT 

SUMMARY SHEET 
PRororYPE TEST DArA 
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WIND DISCHARGE ~ a:: WATER SURFACE 

REYNOLDS' FROUDE CHEZY 

Zw 
Won DATE LENGTH 

HORIZONTAL CURVE 
DATA 

~,. 
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w Z 
0: 

I L, ) i-C-U-R-V-E-T IID-E-F-L-E-C-T-'O-N-r-IR-A-D-' u-s-;r-1-i 
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f--- ~ e .~ 

Curvature index=f.08 

23.8 Curves per mile 
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Q Curvature index=O.33 
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I--. 15.8 Curves per mile 
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Computed values of Se in Reach T- U show that pronounced MI type 
backwater curves existed for both tests. The greater downstream depths 

were caused by a triangular shaped dam J f3 inches high, on the invert of 

the canal at St~. 208 + 90. See Figure 1-5 

-i,- Data from tests marked With asterisks 
were used on Figures 5 and 8 
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(Long Lake Reaches) 

Columbia Basin Project, Washington 



MAIN CANAL 
(Long Lake Reaches) 

Columbia Basin Project, Washington 

A series of 14 water surface profiles was documented and 
other hydraulic performance data were obtained from a 4.5-mile 
section of the Main Canal immediately downstream from Long Lake 
during the 1960 irrigation season. The information was obtained 
between March and October at flows which varied from 865 to 6,215 
cfs. Water depths were greater than anticipated for all tests 
except the first two in March. 

This 4.5-mile section of the concrete-lined Main Canal 
was designed for a flow of 9,700 cfs and supplies water to the 
West Canal and East Low Canal as shown in Figure A-l. It was the 
largest lined section to be documented in the current series of 
tests. Tests at design discharge were desired but could not be 
obtained because flows were limited by the capaCity of eXisting 
upstream conveyance facilities. Some of the test flows in 1960 
exceeded irrigation demands at the stage of project development 
which existed at that time. Excess water, up to a maximum of 
1,700 cfs during the test of September 19, was discharged through 
downstream wasteways. 

Comprehensive water surface profile measurements were 
obtained in two reaches of the 4.5-mile section. A 5,432-foot 
sinuous reach, hereinafter called Reach 1, and a 5,614 straight 
reach, Reach 2, were selected as typical locations for the tests. 
Figures A-l through A-4 show location, alinement, profile, and 
section details concerning these reaches. Two 20-foot timber 
deck highway bridges and a Bailey bridge were located between the 
reaches. The two timber bridges were supported by square post 
concrete piers which extended into the flow prism. Head loss 
measurements were obtained across the two timber bridges (Figures 
A-5 and A-6) and current meter discharge measurements were made 
from the clear span Bailey bridge. 

Concrete lining for this canal was placed under 
Specifications No. 2324 in 1949. A description of construction 
activities can be found in the "Long Lake ISm and Main Canal, 
Technical Record of DeSign and Construction," pages 123 to 140, 
which was published by the Bureau of Reclamation in 1955. A large 
rail-mounted slip-form was used to line the entire canal prism in 
one pass. Finishing of the concrete lining was accomplished by 
4- by l2-toot floats or ironer plates which were semiridgidly 
attached behind the skinplate of the lining machine. The Technical 
Record states "the surface of the concrete was left with a satis
factory finish by the lining machine and very little troweling was 
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required. * * * the major finishing job consisted principally of 
groove repairing and cutting." 

Tolerances for placing the concrete lining were provided 
in the specifications. Transverse and longitudinal contraction 
grooves were located at approximate l2-foot intervals and were 
filled with asphalt mastic. Figures A-7, A-8, and A-9, taken in 
March 1960, show surface texture and joints. Actual measurements 
of mastic filler in grooves within the flow prism showed the mastic 
to be generally even with or below the concrete surface. Maximum 
measured depression below the surface was 5/16 inch. 

Concrete lining surface irregularities were measured at 
selected locations within the test reaches from lines normal and 
parallel to the canal centerline. Measurements on planes parallel 
to the centerline were made from a 36-foot-long taut nylon string. 
Measurements from lines normal to the centerline were made from 
taut strings attached at the top and bottom of each slope and at 
each edge of the invert. Measurements were made at irregular 
intervals of 2 to 3 feet. The average measured deviation from a 
plane surface was 0.03 foot and the maximum deviation was 0.15 foot. 

Reaches 1 and 2 contained no in-line canal structures. 
Flow depths in the canal were controlled by radial gates at the 
check structure and the East Low Canal turnout structure near the 
bifurcation point. This point is 1.7 miles below the end of 
Reach 2 as shown in Figure A-2. Tests were made at approximate 
1,OOO-cfs flow increments and under various operating conditions. 
For the 14 tests, five Ml-type backwater curves and nine M2 curves 
were documented. Nearly uniform flow conditions existed for 
several of these tests, as evidenced by the very small changes in 
water depth from end to end of the test reaches. Figure A-3 shows 
plots of nine typical water surface profiles. 

Kutter's formula with a roughness coefficient "n" of 
0.014 was used for the design of this canal. No extra allowances 
were provided for head losses across bridge piers, horiZontal 
curvature in canal alinement, or for increased flow resistance due 
to aquatic growths. Equivalent Manning's "n" is 0.0146. (Discharge 
computed using "n" :I 0.014, Manning's formula, and deSign depth is 
10,130 cfs, 4 percent greater than the design discharge.) A 
vertical freeboard allowance of 2.77 feet was provided from the 
deSign water surface to the top of the concrete lining. 

In addition to the two bridges, 20 horiZontal curves in 
canal alinement exist between Points A and E. These curves are 
described in Table A-l. 
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View of straight Reach No. 2 of the Main Canal during the 
unwatered period before the start of the 1960 irrigation season. 
The canal was cleaned of rocks and debris before the capacity 
tests. P222-116-42181, March 17, 1960. 

Figure A-7 
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Closeup view showing surface texture of a side of the concrete 
lining and typical contraction groove on Main Canal at approximate 
Station 981+00. Measurements generally showed mastic filler to 
protrude above the lining surface above the waterline. Below the 
waterline the filler was generally below the concrete surface, by 
a maximum measured amount of 5/16 inch. P222-1l6-42180, March 17, 
1960. 

Figure A-8 
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A. Closeup view showing typical concrete surface texture, contraction 
groove condition, and dried fresh water sponge (tentatively, spongilla 
Fragilis) growth. Photograph was taken in Reach 2 prior to 1960 
capacity tests. P222-ll6-42l88, March 17, 1960. 

B. Typical concrete lining surface texture and contraction groove 
condition in sinuous Reach 1 of Main Canal. The lining was 11 years 
old in the spring of 1960 when this photograph was taken. 
P222-ll6-42l89, March 17, 1960. 

Figure A-9 
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Elevations for these tests were based on the standard 
datum used during construction of the canal. Relative elevations 
at measuring stations were determined by level circuits and 
checked with a static pool test. Averaged adjusted level eleva
tions were used for the data analyses. 

Description of Tests 

As this canal is unwatered during the winter months, it 
was possible to secure survey information and photographs of the 
empty canal prior to and following the series of tests. When the 
canal was inspected prior to the tests a few small rocks were 
noted on the invert, but these and all other debris-type material 
were removed before water was turned into the canal. Figures A-1 
through A-12 are photographs of the unwatered canal prior to and 
after test measurements. 

Surveyed invert profiles were plotted in Figure A-3. In 
Reach 1, 8 of the 15 surveyed points were above deSign grade, 1 
was on grade, and 6 were below grade. Deviations from design grade 
averaged about 0.04 foot in this reach. In Reach 2, all of the 13 
surveyed pOints were above grade by an average of 0.01 foot. 
Maximum deviations from grade in the two reaches were +0.14 and 
-0.01 foot. 

Cross sections at the seven water surface measuring 
points, A through G, were plotted from survey data. These plots 
indicated the measured cross section to be within plus or minus 
1/2 percent of the deSign areas at test flows. No unusual humps 
or distressed areas were observed in the concrete lining in test 
reaches. Cross sectional areas for data analyses were computed 
from the design section shown in Figure A-4 using an average invert 
elevation determined from 1960 surveys. 

Discharge measurements of test flows were made from the 
Bailey bridge located between Reaches 1 and 2 at Station 871+00. 
Comprehensive velocity traverses were obtained with a Price Type A 
current meter at 2- to 3-foot intervals across the section. 
Because of the large number of readings to be taken, the time 
required to make these measurements varied from 3 hours for the 
865-cfs run on March 28 to 9-1/2 hours for the 5,855-cfs run on 
September 19. The Hydraulics Branch used data from the vertical 
velOCity profiles to compute discharges and to analyze the theo
retical boundary shear distributions. A computer program was 
written to facilitate these analyses. The results of this study 
will be utilized by HydrauliCS Branch personnel in a continuing 
study pf the boundary shear distribution mechanics around the perim
eter of various open channel shapes. 
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An electronic computer program was also used to compute 
test discharges from the comprehensive current meter traverses. 
The program provided for the integration of discharges from approx
imate 2-foot-square areas over the entire canal cross section. 
The section was broken down into a grid, and average velocities 
for the elemental areas were computed from the vertical velocity 
profiles. Discharges obtained by the computers were used for 
data analyses. Compu~er discharges were less than those obtained 
from the standard 0.2, 0.8 depth method of computation for all 14 
tests by an average of 1.4 percent. The maximum deviation of -3.6 
percent occurred on the March 28 run. 

Water samples to determine sediment concentrations were 
obtained at the Bailey bridge, Station 871+00, during the first five 
test runs, utilizing a depth integrating sediment sampler. It 
was thought that sediment might be a factor which influenced 
aquatic weed growth or flow resistance. These samples were ana
lyzed in the Denver laboratories and sediment concentrations were 
found to be 0.2 to 0.6 ppm by weight. Since the concentrations 
appeared to be insignificantly small, the project was notified to 
discontinue this sampling unless system operations changed in a 
manner which might introduce appreciable sediment. 

Continuous recordings of water stages in the canal were 
obtained at two locations. Prints from recorders located at 
Station 13+79, upstream from Point A, and 1100+08, downstream 
from Point G, showed a continuous trace of the water surface for 
the entire 1960 irrigation season. During the 14 tests the most 
notable stage change of about 0.03 foot per hour occurred on 
September 19 and 20. Allowance was made for this change on these 
2 days in data analyses summarized in Figures 12 and 13. 

No turnouts were located in Reach 1 and there was only 
one 2-cfs turnout in Reach 2. As no record of water deliveries 
from the turnout was submitted with test data, it was assumed that 
the turnout gate was closed during the tests. No intermediate 
inflows into the test reaches occurred. An asphalt-surfaced deer 
escape was located near the midpoint of Reach 1, but it did not 
encroach appreciably on the flow prism and was not considered to 
affect Significantly the test data analyses. 

Gages developed by the Hydraulics Branch were used to 
measure water surface elevations. These gages utilize a pitot 
tube and hook gage stilling well principle and are described in 
the main body of this Technical Memorandum. At least five readings 
of water surface elevation were obtained on each side of the canal 
at each measuring point during each test. 
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Seepage and evaporation losses in this wide canal were 
estimated to be 1 cfs per mile. Discharge measurements were made 
between Reaches 1 and 2. Allowance for losses was made by rounding 
discharges up to the next higher 5 cfs in Reach 1 and down to the 
next lower 5 cfs in Reach 2. This adjustment amounted to less than 
0.6 percent of the lowest test flow. 

Time required to obtain all of the water surface eleva
tions for one test in the 4.5 miles of canal varied from 3 to 6 
hours. The time required was reduced as crews became more familiar 
with the gages. Also, the checked flow runs took less time because 
less difficulty was encountered in moving up and down the canal 
side slope. Measurements in Reach 1 were completed in 1 to 3.5 
hours, those in Reach 2 were completed in 0.7 to 1.5 hours. It 
was noted that weather conditions changed rapidly on some days. 
For example, on June 13, weather was recorded as calm at the start 
of measurements, but the wind increased enough to form waves which 
overtopped water surface gage stilling wells before measurements 
were completed. 

Photographs taken in the unwatered canal in March 
(Figures A-1, A-8, and A-9) showed relatively clean concrete lining 
surfaces in the test reaches except for remains of fresh water 
sponge growth (tentatively, spongilla Fragilis). Photographs taken 
in November (Figures A-10 through A-12) show considerable evidence 
of this growth on the lower part of the canal section. This growth 
has covered up to one-third of the bottom and sides of smaller 
canals in other parts of this project. Fresh water sponge growth 
has also been noted in the upper half of the barrel of the 25-foot
diameter portion of the Soap Lake Siphon. In addition, considerable 
amounts of Nostoc (an algae) and filamentous algae were reported 
during the tests, the greatest concentration occurring near the 
bifurcation point at the end of the canal. 

Crews who obtained water surface elevation measurements 
in Reach 2 during October reported that they had difficulty getting 
down to measurement platforms because the lower portion of the 
lining was covered with very slippery algae. These crews also 
experienced considerable difficulty with pondweed and horsetail 
moss which tangled with water surface gages and current meters in 
August and September. Unfortunately, techniques and equipment 
were not available on this project in 1960 to examine lining sur
faces beneath the water. Therefore, detailed observations of 
aquatic growth were not made of test reaches during these tests. 

The flow required to supply project demands in 1960 did 
not tax the capacity of the canal; therefore, the water was not 
chemically treated to retard aquatic growths, and test results 
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A. GellBllule patterns of fresh-vater sponge growth in the bottom of 
the Main Canal approximately 200 feet upstream from bifurcation works 
at Mile 6.6. These l-foot diameter patterns have a small amount of 
sponge skeleton covered with filamentous algae overlying the gellDules 
or egg-like reproductive parts. Photograph taken at end of 1960 
irrigation season. P222-ll6-42727, November 16, 1960. 

B. Closeup of the algae, Nostoc, in its wintering stage on the right 
side of the concrete lining of the Main CanaL This photograph was 
taken immediately upstream from the bifurcation works at Mile 6.6. 
P222-116-4273l, November 16, 1960. 

Figure A-10 
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A. Fresh-water sponge on the left bank of the Main Canal, immediately 
upstream froll the measuring well at the bifurcation works. This 
photograph shows patterns of infestation which include numerous small 
colonies and groups of colonies completely covering an area. These 
patterns result chiefly from deposits of gelllDules, egg- or seed-like 
reproductive bodies, and a small amount of the spongy skeleton. 
P222-ll6-42728, November 16, 1960. 

B. Fresh-water sponge on left bank of concrete lining immediately 
upstream from the bifurcation works. The scale shown is 6 inches 
long. Average thickness of sponge at this site was 1 inch. 
P222-ll6-42725, November 14, 1960. 

Figure A-ll 
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Main Canal at bifurcation works, looking upstream. Stilling 
well at right is at Station 1100+08 and is equipped with a con
tinuous recorder to record water stages in the canal. Canal 
bottom width is 50 feet and lining height is 23.50 feet. 
P222-116-42729, November 16, 1960 

Figure A-12 
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reflect all effects of such growth on hydraulic resistance. Future 
testing in this canal is planned to determine the effectiveness of 
various chemicals in retarding underwater growths peculiar to this 
project. 

Head loss measurements across two 20-foot timber bridges 
in Reach D-E were made on August 15 and 22 and on September 19 and 
20. These bridges are supported by concrete bents, each bent con
Sisting of two 18-inch square concrete posts. Four of the bents 
for the bridge at Station 831+66 were in the flow prism and three 
were in the flow prism at Station 942+53. Water surface elevation 
measurements were made 100 feet upstream and 200 feet downstream 
from the centerline of the bridges. 

Analyses of Test Data 

Figure A-3 is a plot of 9 of the 14 water surface profiles 
which were recorded at approximate 1,OOO-cfs flow increments, start
ing at 865 cfs on March 28, increasing to 6,215 cfs on June 27, and 
decreasing to 955 cfs on October 28. Five Ml and nine M2 curves 
were obtained in the 4.5-mile reach between Points A and G. 

Figures 12 and 13 summarize in more detail data concern
ing the test reaches, measurements, and computed results. Tests 
numbered 1 through 28 show results for overall test Reaches A-D 
(Reach 1) and E-G (Reach 2). Results were also computed but not 
shown in this Technical Memorandum for shorter segments, i.e., A-B, 
B-C, C-D, etc. Values of Manning's fin" and friction factor "f" 
were computed for these shorter segments and found to vary less 
than 10 percent from corresponding values obtained for the overall 
reaches. The average values for all shorter segments wi thin an 
overall reach were about the same as the overall values. 

The seasonal change of flow resistance in terms of 
Manning' s f'n" is shown in Figures A-13 and A-14. Values of "n" 
for the low velocity checked flow runs of April 18, May 2 and 9, 
and October 3 were omitted from these figures. On these dates 
the measured energy loss in Reaches 1 and 2 varied from 0.085 to 
0.343 foot. An error in the measurement of water surface of 0.01 
foot under these circumstances would result in an error in the 
computed friction slope of 3 to 12 percent. Weather conditions 
recorded on these four days appeared favorable for good measure
ments; nevertheless, f'n" values were consistently high. The 
remaining 10 tests provided M2-type backwater curves or conditions 
which were very close to uniform flow. When only these 10 tests 
are conSidered, hydraulic resistance coefficients increased about 
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30 percent (0.014 to 0.019) from March through September and 
decreased approximately 10 percent (0.019 to 0.017) from September 
through October. 

This series of tests appears to indicate an interesting 
trend in that velocity of the water may have a significant effect 
on the resistance coefficient where algal growth occurs on rigid 
boundary channels. An examination of test results for straight 
Reach 2 indicates that, after seasonal variations in algal growth 
are considered, "n" values were lowest when velocities were highest. 
Results from sinuous Reach 1 show the same general trend but are 
less consistent. 

Horizontal curves in Reach 1 apparently increased the 
hydraulic resistance slightly over that which existed in straight 
Reach 2. Values of "n" in Reach 1 were generally (but not always) 
higher than those in Reach 2. The average "n" for 10 tests in 
Reach 1 was 0.0171; in Reach 2, 0.0170. HoriZontal curve informa
tion is given in Table A-l. 

Figure 11 summarizes head loss measurements made across 
the two 20-foot timber bridges in Reach D-E. The maximum measured 
rise in canal water surface between a point 200 feet downstream 
from the bridge and a pOint 100 feet upstream was 0.10 foot and the 
minimum was 0.03 foot,for flows of 4,545 to 5,855 cfs. The head 
loss due to canal boundary shear only was computed for the 300-foot 
reach, based on measured friction coeffiCients, and varied from 
0.02 to 0.04 foot. Therefore, the head loss attributable to piers 
only varied from 0.01 +"0 0.06 foot. Values of 1), computed for 

use in the equation by • Kp by varied from 0.03 to 0.19. The 
average values for Kp , as shown in Figure 11, were 0.15 for the 
four-bent bridge and 0.10 for the three-bent bridge. 

Summary and Discussion of Test Results 

Hydraulic flow resistance in this large open channel 
varied seasonally, and was generally greater than anticipated. 
The major cause of the increase in resistance was apparently aquatic 
growths on the concrete lining which reached their peak coverage in 
August. Project personnel reported that filamentous and Nostoc 
algae and fresh water sponge growth occurred in varying degrees on 
the lining during the entire irrigation season. Computed Manning's 
"n fl values increased about 30 percent (0.014 to 0.019) between 
March and September, and decreased about 10 percent (0.019 to 0.017) 
between September and November. 
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Reach descri~tion 

From To Length Curve Curves 
L1 No. per 

(ft) mile 

1 
2 

A B 1J650 6.4 
3 
4 
5 
6 

~ 7 
B C 2,177 12.2 

8 
9 

C D 1,605 6.6 
A D 5,432 8·7 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

D E 12,774 4.5 
E G 5,614 No curves 

~ - . __ .. _------ -- -------- .----~ ~ 

Table A-1 
Description of horizontal curves 

Deflection Curve radius R1j angle R1 
Av. (ft) 

~. 6· 
Av. 

19 1,432 12.8 
10 1,432 12.8 

15 1J432 
38 286 2.6 
40 409 3.6 
52 477 4·3 
3 573 5·1 

31 4]7 4.3 
33 444 

15 573 5·1 
28 573 5·1 

22 573 
26 693 

14 1,432 12.e 
3 2,865 25.6 

15 1,432 12.8 
26 716 6.4 
20 716 6.4 

3 2,865 25.6 
19 358 3·2 
47 358 3·2 
67 358 3~2 
12 716 6.4 

4 2.865 25.6 
21 1,335 

-----_ .. _-

T Curvature 
index 

Av. 

12.8 0·09 

4.0 0·3e 

5·1 0.13 
6.2 0.22 

11.9 0·09 

-------- ---- ---

Av. Manning's 

-- ---

"nu for 
10 tests 

0.0167 

0.0176 

0.0164 
0.0171 SinUOl us 

1 Reach 

0.0170 Straij 
Reach g~t 



Data from the 10 test runs which exhibited M2 backwater 
curves or conditions close to uniform flow (depth change less than 
0.7 foot and maximum 6.7 percent depth change in 4 miles of canal) 
are considered most applicable to design conditions. Considering 
only these tests, the average value of Manning's "n" was 0.0171 
for the sinuous Reach 1 and 0.0170 for the straight Reach 2. A 
minimum value of 0.0133 was obtained in Reach 1 for the March 28, 
865-cfs run. A maximum value of 0.019 was obtained in Reach 2 
for the August 22, 4,545-cfs run. 

No satisfactory explanation was found for the higher "n" 
values computed from tests made under checked conditions and at 
low velocities. The higher resistance coefficients for these cir
cumstances may be caused by the greater tendency of the filamentous 
algae and fresh water sponge growth to extend itself into the flow 
prism and to change boundary layer characteristics. A slight 
increase in the value of Manning's "n" at lower Reynolds' Numbers 
is shown by the upward slope of the "Average Data Curve" of 
Figure 8. This sloping line indicates that in a channel where 
depth is constant, "n" increases with a decrease in velocity. The 
increase in "n" computed from the Long Lake Reaches was, however, 
much greater than that indicated by the "Average Data Curve" in 
Figure 8. 

The backwater effects of two sets of square post bridge 
piers located between test Reaches 1 and 2 were measured. The rise 
in water surface caused by these piers varied from 0.01 to 0.06 
foot when canal flow was approximately 60 percent of deSign capacity. 
Based on four measurements, the average computed value of the pier 
loss coefficient, Kp , was 0.15 for the bridge at Station 831+66. 
This bridge was supported by four bents which extended into the 
flow prism, each conSisting of two l8-inch square posts. The 
corresponding value for Kp was 0.10 for the bridge at Station 
942+53. This bridge was supported by three similar bents. 

Figures 12 and 13 provide more detailed information con
cerning prototype flow tests made during 1960 in this canal. These 
figures also show computed values of hydraulic properties and 
deSign parameters. 
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DELTA-MENDOTA CANAL 
Central Valley Project, California 

Water surface profiles and other hydraulic performance 
data were obtained from parts of this 117-mile canal in the 4-year 
period between 1957 and 1961. Tests in 1957 revealed water depths 
in concrete-lined reaches of the canal to be greater than antici
pated and prompted the initiation of additional testing in this 
and other large Bureau of Reclamation canals. 

Figures B-1 through B-4 show condensed versions of the 
canal alinement, hydraulic propertie~and a portion of the invert 
profile. Figure B-5 shows a section typical of the 95-mile length 
which is lined with concrete. The 4-inch-thick concrete lining 
was built under seven different contracts during a 4-year period 
which began in 1946. As the canal was dedicated in 1951, the 
lining was 6 to 12 years old at the time of tests which are 
described in the following pages. 

The 48-foot bottom width canal was lined with concrete 
from Mile 3.5 to Mile 98.6 using large rail-mounted traveling slip
fonms. The entire section was paved in one pass of this machine. 
The lining was unreinforced for most of its length. Specifications 
reqUirements prior to 1948 stated n* * * the finish of the concrete 
lining shall be equivalent * * * to that obtainable by effective 
use of a long-handled steel trowel." Specifications issued after 
1948 provided specific dimensional tolerances for placing and 
finishing the concrete lining. As many as 26 concrete finishers 
working from the slip-form, and from a jumbo which followed, were 
required to secure the specified surface smoothness. Other details 
concerning this canal are given in Figures 14 and 15 of this 
Technical. Memorandum and in the tlDel.ta-Mendota Canal., Technical. 
Record of Design and Construction," publ.ished by the USBR in 1959. 

Comprehensive test measurements were confined to the 
first 70 miles of this canal. Below this pOint, land subsidence 
had occurred and the canal invert grade was considerably altered 
from the deSign slope. Figures B-3 and B-4 show 1961 water surface 
profiles together with survey data obtained as a check on as-built 
invert and top of lining elevations. Invert survey data have been 
obtained to Mile 70 but were not plotted past Mile 34.4. The 
reach of canal between the end of the Tracy Pumping Plant discharge 
lines (Mile 3.5) and San Luis Wasteway (Mile 70.0) contained the 
following canal structures which have piers in the flow prism: 
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DELTA-MENDOTA CANAL 
Design HYdraulic Properties 

CONCRETE LINED SECTION A V Q R n s d H B 

No. 3 Mile 3.50 to 13.66 1206.20 3.814 4600 11.20 ~014 .00005 16.56 18.08 48.00 
No. 4 Mile 13.70 to 20.62 1186.80 3·790 4498 11.09 .014 .00005 16.36 17.87 48.00 
No. 5 Mile 20.65 to 34.41 1167.40 3.768 4399 10.99 .014 .00005 16.16 17.67 48.00 
No. 6 Mile 34.45 to 54.39 1148.20 3.744 4299 10.88 .014 .00005 15.96 17.46 48.00 
No.7 Mile 54.43 to 70.01 1129.05 3.719 4199 10.77 .014 .00005 15.76 17.25 48.00 
No.8 Mile 70.04 to 85.09 989.50 3.538 3501 9.95 .014 .00005 14.26 15.75 48.00 
No. 9 Mile 85.11 to 98.64 968.70 3.510 3400 9.83 .014 .00005 14.03 15.54 48.00 

EARTH SECTION 

No. 10 Mile 98.64 to Ill. 54 13'-!·5.00 2.461 3310 9.83 .021 .00005 13.90 15.40 62.00 
No. 11 Mile 111.54 to 114.04 3310 .021 .00005 13.85 15.40 84.00 
No. 12 Mile 114.04 to 116.59 1311.00 2.450 3211 9.74 .021 .00005 13.85 15.40 60.00 

FIGURE B-2 
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47 Timber bridges (three or four piers each) 
34 Concrete bridges (two piers each) 
11 Concrete overchutes (two piers each) 

5 Irrigation pipe crossings (one pier each) 
14 Oil or gas line crossings (two piers each) 
12 Concrete check structures 

This list shows a total of 123 structures with piers in 
the flow prism in 66.5 miles of canal or an average of one struc
ture with piers every 0.54 mile. 

This 66.5-mile reach contains 220 curves in canal aline
mente A summary of curve data is given in Table B-I. 

Kutter's formula with roughness coefficient "n" of 0.014 
was used for the design of the concrete-lined portion of this 
canal. No extra allowances were provided for head losses across 
in-line structure piers, horizontal curvature in canal alinement, 
or for increased flow resistance due to aquatic growths. Equivalent 
Manning's "n" is 0.0138. (Discharge computed using Manning's 
formula, "n" "" 0.014, and design depth at the head end of the canal 
is 4,530 cfs, 1.5 percent less than design discharge of 4,600 cfs.) 
A vertical freeboard allowance of 1.50 feet was provided from 
design water surface to top of concrete lining. 

The table of hydraulic properties on Figure B-2 shows 
the design discharge for the canal to be 4,600 cfs at the beginning 
of the canal. The design discharge decreases in a downstream 
direction and is 3,211 cfs at the end. The entire concrete-lined 
portion of this canal has a bottom width of 48 feet. Figures B-2, 
B-3, and B-4 show how flow sections are reduced in size in a down
stream direction by rises in invert grade. Due to these "steps" 
on the invert, canal water surfaces consist of a series of back
water curves. The backwater curves are further influenced by water 
deliveries through an average of two to three turnouts per mile of 
canal. 

All water for this canal is pumped from the Sacramento 
River Delta area through the Tracy Pumping Plant. The maximum 
output of the six large vertical-shaft, centrifugal, Single impel
ler pumps at this plant is approximately 4,700 cfs. Diurnal tidal 
fluctuations of 3 to 4 feet occur in the intake channel to the 
Tracy plant and result in a variation of head across the pumps. 
The varying head, in turn, causes a variation of discharge. For 
the six pumps, this variation is about 200 cfs, and canal water 
depth at the end of the discharge lines varies about 0.30 foot. 
This phenomenon, coupled with irrigation deliveries along the 
canal, creates a condition of nonuniform, unsteady, and Spatially 
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Table B-1 

No. of Curve deflection Curve radius Av. ratio 
Approximate CUrvature curves angle ( 6 0

) Rl (in feet) 
RIfT mile index per mile Min. Max. Min. Max. Av. 

3·5 
0.17 4.1 5 98 400 800 508 5·2 

9.4 
0.14 4.1 6 95 400 800 538 5·5 

16.5 
0.13 3·9 3 80 400 800 548 5.6 

24.4 

~ 
0·09 3·5 1 64 400 800 593 6.1 

33·3 
0.10 3·1 5 94 400 1,000 645 6.7 

43·3 
0.09 3·1 3 60 400 800 557 5.8 

52.2 
0.06 2.6 1 55 400 800 546 5·7 

62.4 
0·09 2.6 4 78 400 600 430 4.5 

70.0 

Totals 66.5 1 98 400 1,000 

Average values 0.10 3·3 33 553 5·7 



varied flow. Such conditions do not make for simple analyses of 
test data. 

Figure B-6 lists and describes the single round barrel 
and nine multiple barrel rectangular inverted in-line siphons 
between the head end of the canal and Mile 70 and shows results of 
head loss measurements across these siphons. 

Description of Tests 

In the period between canal completion in 1951 and 
1957, water demands increased rapidly and it soon became obvious 
that demands would exceed the deSign capacity of the canal. It 
was therefore decided to operate the canal at its maximum capacity 
to find if additional flow could be accommodated and the water 
marketing program expanded. The first capacity test was held in 
February 1957 at a time when irrigation deliveries were minor. 
This test provided the first demonstration that for design dis
charges, water depths in the canal were greater than assumed in 
the original design. After 8-1/2 hours of 6-pump flow of about 
4,800 cfs, water stood above the top of the concrete lining in the 
first 25 miles of canal. The sixth pump was then stopped and 
5-pump flow of about 4,000 cfs was continued for 35 hours. The 
capacity deficiency demonstrated by this test was so disappointing 
that a rerun was scheduled for March 1957. 

Prior to the March 1957 tests, divers inspected each 
in-line siphon structure and found them to be clear of debris 
and/or silt. Stoplogs were removed from side bays of check struc
tures and a spot survey was made by probing to determine if appre
ciable accumulations of Silt, clams, moss, or other debris might 
be present in the canal. As all findings were negative, the six 
pumps were again started and operated for about 8 hours on March 3, 
1957. As water again overtopped the concrete lining, the sixth 
pump was halted and 5-pump flow of 4,100 cfs continued for 24 
hours. Under this condition, water depths stabilized in the upper 
portion of the canal at points which left approximately 0.5 foot 
of lining freeboard. 

Following this second test in 1957, near-precise levels 
were run along the berm to check 1946 levels used for construction 
of the canal; top of lining and invert elevations were established 
by means of static pools; and head loss measurements were made 
across in-line siphons. 
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MEASURED REACH 
IN-LINE LOCATION OF 

FLOW CANAL PROPERTIES ADJUSTED HEAD LOSS 
VELOCITY IN DESIGN BEGINING OF 

DESIGN MEASURED MEASURED ADJUSTED SIPHON INLET TRANSITION CANAL HEAD LOSS 
SIPHON BA RRE L (*; HEAD LOSS 

(h) FOR DESIGN (h) CANAL INLET OUTLET CANAL 1960 1961 V' HYDRAULIC HEAD LOSS HEAD LOSS DATE OR BARREL DESIGN DEPTH VELOCITY HEAD STRUCTURE ABOVE TRANSITION TRANSITION BELOW TEST TEST PART 2g" RADIUS FOR FOR FOR TEST DESIGN (h) FOR ADJUSTED (h) 
CULVERT DESCRIPTION LOSS REACH REACH STRUCTURE VELOCITY VELOCITY STRUCTURE 

MILE STATION (ft.) (ft.) (ft.) (ft.) (cfs) (cfs) (cfs) 1ft.) (f p s) (ft.) (ft) (ft.) (ft.) (ft.) (ft.) Vt Vd (ft.) ( ft.) (ft.) 
(Ips) (Ips) 

200' U.S. 16.5 3.46 .186 11.17 0.01 

48' Rect. to Round 
4150 

200' 0.5. 
r.4 7 0.92 7-27-60 0.90 8.99 9.96 1.23 1.11 1.45 1.28 

MOUNTAIN HOUSE 16.8 3.37 .171 11.33 0.01 

ROAD SIPHON 
4.41 L231 +00 200 80 924'-24'-3" Dio. SSL 110 200 4600 ---

48' Round to Recl. 200' U.S. 17.5 3.64 .206 11.70 0.01 7-14-61 
4730 

200' 0.5 1.07 7-15-61 1.05 10.24 0.95 0.99 1.46 17.8 3.56 .197 11.85 0.01 7-16-61 

200' US 16.9 
7 22-60 

"i 3.31 .171 11.38 0.01 7-23-60 4110 
200' 0.5. 

0.22 0.20 7-24-60 0.18 5.36 6.00 1.25 023 0.20 0.87 17.0 3.29 .168 11.43 0.01 
S.P.R.R. CULVERT 11.48 L659+12 200 60 

3 SBL 
70 200 4600 7-27-60 

16"16',60 
200' U.S 17.5 3.61 .203 11.70 0.01 

4690 
200' 0.5. 

No measurement available 
17.6 3.58 .199 11.75 0.01 

4600 
Above 200 Us. 17.2 3.21 .160 11.54 0.01 

Structure 4070 
200' Os. 

0.24 0.17 7-27-60 0.15 5.38 6.08 1.28 0.19 0.22 1.16 
4500 17.0 3.26 .165 11.43 0.01 

W.P.R.R. CULVERT L 774+06 
3 BSL Below 

----- --13.66 200 60 16, 16', 70 70 200 Structure 

200' US 17.7 3.53 .194 11.80 0.01 7-14-61 
0.2' Increase 4660 0.21 7-15-61 0.19 6.16 0.98 0.19 1.16 in lining ht. 200' 0.5. 17.6 3.56 .197 11.75 0.01 7-16-61 
upstream 

CHECK No.2 16.19 L900+65 100 CHECK 200' U.S 171 3.22 161 11.48 0.01 7-22-60 

4 BBL -12', 16',240 
4050 

200' OS 
0.56 0.27 7-23-60 0.25 5.20 5.97 1.24 0.31 0.54 1.74 W.P.R.R. CULVERT 16.20 L901+65 17.3 3.17 .156 11.59 0.01 7-24-60 

FLUME 16.25 L904+05 200 40 310 FLUME 70 200 4498 
200' U.S. 17.5 3.57 .198 11.70 0.01 7-14-61 CORR AL HOLLOW 

4 BBL -12',16',100 4630 0.35 7-15-61 0.33 5.95 0.94 0.31 1.59 16.31 L907+15 
200' 0.5. SIPHON 17.7 3.51 .192 11.80 0.01 7-16-61 

200' US. 16.8 11.33 
7 22 60 

3.22 .161 0.01 7-23-60 
300 3960 

300' OS 
0.38 0.31 7-24-60 0.29 5.23 5.81 1.24 0.36 0.36 1.00 

HETCH-HETCHY 3 BBL (1960) 16.9 3.19 .158 11.38 0.01 
7-27-60 

SIPHON 
23.95 O.M.C. 525+10 200 60 16', 16', 215' 80 

200 
4399 

(1961) 200' US 17.3 3.47 .187 11.59 0.01 7-14-61 
4440 0.20 7-15-61 0.18 5.86 0.98 0.18 2.00 200' OS 175 3.42 .182 11.70 0.01 7-16-61 

200' Us. 15.7 3.27 .166 10.74 0.01 
3670 

200' 0.5. 
0.32 0.14 7-27-60 0.12 4.85 5.68 1.37 0.16 0.30 1.88 

4 BBL 
15.9 3.21 .160 10.85 0.01 PUERTO CREEK 

37.24 1227+00 200 60 16"16"230 80 200 4299 --
SIPHON 

200' U.S 17.0 3.26 .165 11.43 0.01 7-14-61 
4070 

200' 0.5. 
0.18 7-15 -61 0.16 5.37 1.12 0.18 1.67 

17.1 3.24 .163 11.48 0.01 7-16-61 

200' US. 15.6 3.13 .152 10.68 0.01 i 3480 
200' 0.5. 

0.42 0.27 7-27-60 0.25 4.62 5.70 1.52 0.38 0.40 1.05 -. 
4 BBL 15.7 3.10 .149 10.74 0.01 ORESTIMBA CREEK 

51.18 1963+95 200 60 16', 16" 330 70 200 4299 _. 
SIPHON 

200' US 16.7 3.18 .157 11.27 0.01 7-14-61 
3880 

200' 0.5. 
0.26 7-15-61 0.,,4 5.15 1.22 0.30 1.33 

16.8 3.15 .152 11.38 0.01 7-16-61 

200' U.S 15.3 3.16 .155 10.52 0.01 

34' CHECK 
3430 

200' 0.5 
0.34 0.12 7-27-60 0.10 4.55 5.57 1.50 0.15 0.32 2.10 CHECK No. II AND 15.6 3.08 .148 10.68 0.01 

GARZAS CREEK 58.28 2383+25 200 40 
26' SIPHON INLET 

70 200 4199 
SIPHON 200 U.S. 16.3 3.23 .162 11.06 0.01 7-15-61 

4 BBL -12',16',225 3820 
200' 0.5. 

0.15 7-16-61 0.13 5.07 1.21 0.16 2.00 16.4 3.20 .159 11.11 0.01 7-17-61 

SAN LUIS CREEK 4 SSL 
in 1960-61 SIPHON 

69.61 3001 +90 60 Iz', 16" 250' 70 4199 3370 No measurement mode across this structure 0.52 5.57 0.50 

I I I I I I 

HEAD LOSS MEASUREMENTS ACROSS SIPHONS 
DELTA MENDOTA CANAL 

1960-1961 

FIGURE 8-6 



In 1958, 1959, and 1960, further measurements were made 
during peak summer delivery periods to check head losses across 
siphons and various types of piers. The losses across siphons 
(Figure B-6) were generally less than allowed in design resulting 
in slight drawdown curves at siphon inlets. The losses across 
various types of piers were extremely difficult to obtain owing to 
the flat slope of the water surface and the unsteady flow condi
tions. The canal has an invert slope of 0.00005 (0.26 foot per 
mile) and differential water surface elevations were generally 
under 0.10 foot. Results of pier loss measurements are given in 
Figure 11. 

The measured head losses across piers were found to be 
about 20 percent less than estimated values based on model test 
data presented in References 18 and 19. Exceptions occurred 
where horizontal curves in canal alinement at or immediately 
upstream from piers appeared to increase these losses. Also, the 
multiple square post-timber piers appeared to cause almost twice 
the loss of the solid round-nose piers. Based on the latter 
evidence, it was estimated that the water surface at the head end 
of the canal could be lowered about 0.70 foot if multiple post 
piers could be sheathed and streamlined nose and tail units added 
to all square post piers in the first 31 miles of canal. The cost 
of this work was approximately equal to the capitalized cost of 
the estimated pumping head which could be saved. This work was 
accomplished in December 1960 and January 1961, while the canal 
was unwatered for the first time in 8 years. Piers on 44 struc
tures in the reach were modified in a manner similar to that 
shown in Figure B-7. 

Because of the continuous demand for water, this canal 
is not unwatered unless a definite need exists. The 1960 unwater
ing to Mile 34.4 was made to determine the location, composition, 
and extent of possible deposits on the invert; to obtain a center
line survey on the invert; to make maintenance inspections of 
structures, canal lining,and untreated timber bridge piers; and 
to make pier modifications. As the water receded in the canal, 
two unexpected factors were revealed which were believed to have 
influenced flow resistance in the canal. They were: 

L Sides of the concrete lining were covered in varying 
degrees with a coating consisting of Bryozoa, amphipods, and 
fine silt. Above the water, where the side slopes had dried, 
the coating was crust-like in character and the shrimp-like 
amphipods were embedded in a mat of fine sediment. This mat 
was reinforced with fiber-like Bryozoa. Figure B-8 shows the 
coating in a moist state. Under water the filamental Bryozoa 
had the appearance of cropped hair. Figure B-9 is a magnifi
cation of a laboratory specimen of Bryozoa. 
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A. Installation of 1-inch timber sheathing and ogiva1 shape nose 
and tail units on square-post piers of 28-foot wide timber bridge 
at Mile 5.61. 12-60-25DMC, December 21, 1960 • 

.•. ~ 

1 

B. Modification work on 14-foot long square-post concrete piers of 
overchute at Mile 25.62. Workmen are covering nose and tail units 
with sheet aluminum. 1-61-14 IJ4C, January 11, 1961. 

Figure B-1 
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Photograph of coating or scum on surface of concrete lining in 
Delta-Mendota Canal at Mile 3.78. The coating ~s thickest (about 
3/8 inch) at this location near the beginning of the canal. The 
major component in the coating has been identified as Bryozoa 
Fredericella sultana, a low type of animal life which attaches 
itself to the lining. Silt and small shrimp-like aquatic life are 
intermingled in the growth. The coating presents different appear
ances when underwater, when moist (as shown), and when dry. 
P214-D-24653, December 14, 1960. 

Figure B-8 
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Closeup view of a specimen of live Bryozoa Fredericella sultana. 
(Magnification X5). This growth has been found on the concrete 
lining of Delta-Mendota Canal, on the trashracks at the Tracy 
Pumping Plant, and on underwater parts of the fish collecting 
facility at the beginning of the canal. PX-D-20873. 

Figure B-9 
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2. The invert of the canal was found to be intermittently 
covered with clam-bearing silt deposits. (Figure B-lO through 
B-12 are photographs of typical deposits. Figure B-13 shows 
cumulative grain-size curves from typical samples of deposits.) 
Equipment was hastily assembled and an estimated 50,000 cubic 
yards of the silt-clam mixture was removed from the invert 
before refilling of the canal began. Another estimated 10,000 
cubic yards of deposits were scattered within the 3l-mile reach 
and were not removed by mechanical cleaning methods. 

To demonstrate the improvement in flow conditions result
ing from canal cleaning and pier improvements, more tests were 
scheduled for July 1961. Data were obtained during a 4-day period 
of continuous 5-pump discharge of 4,000 cfs and a 4-l/2-day period 
of continuous 6-pump flow of 4,700 cfs. The 6-pump flows were 
carried at lower depths than those which existed in the 1957 tests, 
but water was still reported as being intermittently above the top 
of the concrete lining above Mile 20. Figures B-14through B-16 
show flow conditions on July 13 and 14, 1961, between Miles 4.0 
and 8.0. 

Additional experimental test work accomplished in 1961 
included the use of multiple current meter equipment from the 
bridge at Mile 9.87. Eight propeller-type current meters mounted 
as shown in Figure B-17 were used to obtain comprehensive velocity 
traverses. Each meter was coupled electrically to a recorder pen 
which documented the number of revolutions made by the propeller 
over a given time interval. Traces made by the pens on recorder 
charts were later "decoded" and plots of velocity distributions 
prepared. Plots of these isovels revealed noticeable velocity 
disturbances caused by the bridge piers at a point 2 feet upstream 
from the bridge. Further studies are underway to attempt to eval
uate boundary shear stresses from these comprehensive velocity 
traverses. Canal discharges were also calculated from these 
measurements. 

In December 1962, and January 1963, the canal was again 
unwatered, mainly for the purpose of inspection and repair of 
timber bridges between Miles 34.4 and 70. During this unwatering, 
it was found that silt-bearing clam deposits were also present in 
the reach between Mile 34.4 and 70. The depOSits were less exten
sive than those found in the first 31 miles of canal during the 
1960 unwatering. Preliminary estimates indicated that only 8,000 
cubic yards of silt-clam deposits existed in the first 40 miles of 
canal. Part of these were possibly left during the 1960-61 
unwatering when insufficient time was available to accomplish com
plete cleaning. Thus, it appears that appreciable amounts of 
fresh water clam growth did not occur during 1961-62. Figures B-18 
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Extensive silt-clam bed above overchute at Mile 18.59 in the 
Delta-Mendota Canal. This deposit extended three-fourths of the 
way across the invert, vas approximately 2-1/2 feet deep on the 
left side, and was over 800 feet long. Note coating of sediment 
and aquatic growth on surface of concrete lining at left. 
P2l4-D-24656, December 15, 1960. 

Figure B-10 
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View from bridge at Mile 28.67 looking downstream in the Delta
Mendota Canal. This photograph shows the random pattern in which 
the silt-clam beds lay in a straight reach. There was no consist
ent pattern in which the beds appeared, although they were found 
quite often on the inside of horizontal curves. Opening through 
center of deposits was made by front-end loaders and road graders 
to facilitate drainage of the canal. P2l4-D-24658, December 18, 
1960. 

Figure B-ll 
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Closeup of the surface of the silt-clam deposit on the invert 
of Delta-Mendota Canal at Mile 14.8. The interior of the deposit 
differed from the surface appearance in that a greater number of 
live clams and a larger proportion of silt were evident. Cumulative 
grain size curves for dried samples from twelve deposits obtained 
in the first 30 miles of concrete-lined canal and one in the Old 
River earth channel are shown in Figure B-13. Clay and silt frac
tions of these deposits made up 55 to 95 percent of the total. 
P-2l4-D-24651, December 16, 1960. 

Figure B-12 
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Upstream view of l6-foot farm bridge at Mile 4.98 of Delta
Mendota Canal at 11:40 a.m., July 13, 1961, during 6-pump test. 
This location is customarily used for canal flow measurements. 
Waves were splashing over canal lining. Approximate canal flow 
vas 4,600 cfs in a section designed for this discharge but in 
which 18 inches of vertical freeboard to top of concrete lining 
vas anticipated. rti-47l6-CV. 

Figure B-14 
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Flow conditions in Delta-Mendota Canal during 6-pump test. 
Upstream view of partially submerged overchute at Mile 7.25 at 
9:00 a.m., July 14, 1961. Approximate canal flow is 4,650 cfs. 
Design discharge for this location was 4,600 cfs and 18 inches 
freeboard to top of concrete lining was anticipated. DM-472l-CV. 

Figure B-15 
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Crews are obtaining head-loss measurements below 20-foot timber 
bridge at Mile 7.29 of the Delta-Mendota Canal during the 6-pump 
test. Approximate flow was 4,650 cfs in the section which was 
designed for 4,600 cfs. DM-4726-CV, July 14, 1961. 

Figure B-16 
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A. Multiple current meter equipment used from 40-foot timber bridge 
at Mile 9.87, Delta-Mendota Canal. Equipment was mounted on a flat 
bed truck which was moved for each vertical velocity traverse. 
Instrument shelter is on right of sandbag ballast. Current meter 
support rod is in a fully raised position. P-4l6-D-28559, July 16, 
1961. 

B. Closeup of propeller-type current meters and support frame. Eight 
meters were mounted on the vertical rod to obtain simultaneous measure
ments of velocities in a vertical line. Meters were connected to a 
battery-powered recorder. Comprehensive velocity traverses were 
obtained for both 5 and 6 pump flows. P-4l6-D-28550, July 13, 1961. 

Figure B-17 
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Deposit on canal invert at Mile 34.8 formed downstream from the 
drainage inlet shown at the top of the concrete lining. The 
deposit consisted mainly of silt which had been washed into the 
canal from the adjoining field as a result of improper irrigation 
practices. P-D-200-5210, December 19, 1962. 

Figure B-18 
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and B-19 are photographs of deposits on the lining surface taken 
during the 1962 unwatering. 

Figure B-19 shows an area of extended fresh water sponge 
growth just downstream from Check No. 5 at Mile 29.8. Very little 
of this type of growth was evident during the 1960 unwatering, but 
it was reported at several locations on the lining surface and 
within the siphon barrels in 1962. 

Analyses of Test Data 

Plots of water surface profiles were drawn for test 
runs of 1957, 1960, and 1961. Figures B-3 and B-4 show the 1961 
6-pump water surface profile to Mile 70. A common characteristic 
of all 6-pump profiles was a series of M2 backwater curves with 
increasing depth in an upstream direction. Depths were greater 
than anticipated in the entire 66.5 miles. Manning's "n" values 
were computed for individual reaches and are shown above the pro
files in Figures B-3 and B-4. To compute these resistance 
coefficients, depths were scaled from the surveyed invert between 
Miles 3.5 and 34.4 and from the design invert between Miles 34.4 
and 70.0. Since the water surface in the canal fluctuated as 
much as 0.30 foot during daylight hours, depths for computations 
were scaled to the nearest tenth foot. Invert survey data down
stream of Mile 34.4, obtained during the unwatered period of 
December 1962 - January 1963, was not plotted. Examination of 
survey notes indicated the invert to be generally above design 
grade for the entire length between Miles 34.4 and 70. The invert 
location varied from about 0.1 foot above design grade at Mile 34.4 
to about 0.4 foot above between Miles 58.3 and 70. Consideration 
of the surveyed invert location would result in a slight reduction 
in depths used for computations and about a 4 percent reduction 1n 
the "n" values shown at the top of Figure B-4. 

Discharge for a given reach was taken from a "summary of 
diversions" submitted with field test data. Current meter dis
charge measurements were made at 10 locations along the canal in 
1961. These gagings checked "summary of diversions" flows wi thin 
3 percent. 

Figure B-3 shows Manning's "n" values (which include all 
pier and curvature losses) in the first 31 miles of canal to range 
from 0.0159 to 0.0178. The weighted average value for reaches 
shown was 0.0166. These values were obtained in the reach from 
which the bulk of the silt-clam deposits had been cleaned and in 
which piers had been modified. Figure B-4 shows that "n" valll.es 



View of extensive fresh water sponge growth on side of concrete 
lining. This growth occurred near Check No. 5 at Mile 29.8 and is 
similar to that found on the Main Canal of the Columbia Basin 
Project (Figure A-ll). A considerable increase in the amount of 
sponge growth was reported in the Delta-Mendota Canal between 
December 1960 and December 1962. P-D-200-5276, December 20, 1962. 

Figure B-19 



from the following 35 miles of canal ranged from 0.0162 to 0.0191 
and averaged 0.0173. These values were expected to be higher since 
this reach had not been unwatered and cleaned, nor had any piers 
been modified. The 1961 "n" values obtained between Miles 34.4 
and 70 did not differ appreciably from those of previous years. 
Values obtained from 5-pump tests were close to those obtained 
from 6-pump tests. 

An attempt was made to isolate the improvement in flow 
conditions resulting from pier improvements only in the first 31 
miles of canal. This task proved to be most difficult because the 
effect of canal cleaning was also included in test data. Figure 
B-20 shows "before and after" water surface profiles for 5-pump 
flow between Miles 3.5 and 34.4. Water depth in the canal was 
lowered by a maximum 0.80 foot after both cleaning and pier 
improvement and weighted average "nl1 f'O"r'" reaches shown was reduced 
from 0.0174 in 1960 to 0.0166 in 1961. Apparently, the anticipated 
depth reduction due to pier improvement alone was not as great as 
anticipated. 

Backwater curve computations were made to fit observed 
water surface profiles in the first 31 miles of canal. Allowances 
for pier losses were made based on prototype measurements and the 
following results were revealed: . 

1. Flow resistance of the concrete-lined channel only was 
best described by a Manning's "nl1 of 0.0155. 

2. Overall flow resistance of canal and piers was 0.0165. 

3. Total deSign head loss for 31 miles of canal was 10.8 feet. 
Measured head loss was 10.9 feet for flows within 7 percent of 
deSign values. The important difference was that these water 
depths were 0.5 to 1.5 feet greater than antiCipated. 

4. Measured head losses across in-line closed conduit siphons 
varied from 40 to 115 percent and averaged about 70 percent of 
design allowances. This resulted in drawdown curves at nearly 
all siphon inlets for all tests. Siphon head loss measurements 
are summarized in Figure B-6. 

Tests numbered 29 through 54 shown in the Prototype Test 
Data Sheets (Figures 14 and 15) were taken from typical reaches in 
this canal. No straight reach longer than 5,000 feet without 
structure piers could be found in the first 70 miles of canal. 
Therefore, in Figure 14 pier losses have been deducted as explained 
in the "Remarks lf c()lumn. Results in terms of Manning's "n" gener
ally show that straight clean reaches of the canal had values of 
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0.015 to 0.016. Sinuous reach IIn" values ranged from 0.016 to 
0.018. Piers of the type and frequency present in these reaches 
had the effect of increasing "nil values about 6 percent. No 
chemical treatments of any kind had been used in this canal prior 
to or during tests to remove or retard aquatic growths; therefore, 
the data presented here reflect flow resistance in an untreated 
channel. 

Water in the canal is generally turbid to the extent 
that it is possible to see only about 1 foot below the surface. 
Sediment samples were obtained at Mile 3.53 over a period of 1 
year beginning in October 1959. Suspended sediment concentrations 
were generally less than 100 ppm, but a maximum of 155 ppm was 
reached for a flow of 3,600 cfs on June 9, 1960. Concentrations 
of these magnitudes should have little effect on flow resistance. 

The invert shown in Figure B-3 is drawn through plots of 
more than 540 surveyed points obtained on the canal centerline 
during the December 1960 unwatered period. A tabulation of these 
points showed the average variation from design grade was 0.12 
foot and the maximum 0.53 foot. Present specifications allow a 
"departure from established profile grade of 1 inch." The plotted 
invert indicates that adverse slopes apparently existed in some 
reaches. This condition results from the difficulty of maintaining 
the extremely flat design slope of 0.00005 (0.26 foot per mile) 
during construction. 

Owing to increased demands for water in the highly 
developed agricultural areas along this canal, consideration has 
been given to raising the concrete lining and appurtenant struc
tures to increase the capacity of the canal. 

Summary and Discussion of Test Results 

Water depths in the first 70 miles of the canal during 
1957 tests were greater than expected due to three factors which 
were not fully antiCipated in the original design. These factors 
were: 

1. A considerable number of silt-clam depOSits on the invert 
coupled with Bryozoa growth on the sides of the concrete lining. 
(These aquatic growths occurred in sufficient magnitude to 
cover a large proportion of the lining and created a change in 
surface roughness which in turn changed turbulence characteris
tics and resulted in increased flow reSistance.) 
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2. Backwater effects of some 120 sets of structure piers and 
220 horizontal curves in canal a1inement. (Head losses caused 
by piers and curves were apparently a greater proportion of the 
total head loss in this large, smooth boundary, flat-slope 
canal than was formerly realized.) 

3. Apparent inadequacy of Kutter's formula with an "n" value 
of 0.014 to predict the flow resistance in a channel of this 
size, shape, and surface roughness. (Evidence now indicates 
tha t lin 11 for use in Manning's formula should be increased above 
0.014 for large concrete-lined channels with hydraulic radii 
above 5.0.) 

Water depths were measured in the first 31 miles of canal 
in 1961 after the reach was cleaned and 44 sets of piers were 
streamlined. These depths were as much as 0.8 foot lower than 
those measured in 1960 for the same discharge but still were not 
as low as expected in the original design. Expressed in terms of 
roughness coefficient "n", used with Manning's formula, 1961 tests 
revealed tln" to be approximately 0.0165 as compared to 0.0175 in 
1960. These values include all pier and curve losses. When esti
mated pier losses were deducted, these values were about 6 percent 
less. The minimum "n" value for a straight reach without piers 
was found to be about 0.015. Generally, flow resistance in the 
more sinuous reaches was higher than in straight reaches. Changes 
in output of the Tracy Pumping Plant, amounting to about 5 percent 
of test flows, were caused by tidal water surface fluctuations in 
the intake channel to this plant. The variable discharge, in turn, 
caused daily fluctuations of canal water depth at Mile 3.5 of 0.3 
to 0.4 foot. This phenomenon coupled with water deliveries along 
the canal, created flow conditions which were difficult to analyze. 
Steady flow conditions were assumed to process test data in the 
time available. Therefore, more detailed analyses might reduce 
the spread of resistance coefficients between individual reaches. 
However, since several repeat measurements were made in 70 miles 
of canal, the overall performance has been well substantiated. 

Head losses across piers were extremely difficult to 
measure in this flat slope canal. Measurements are summarized in 
Figure 11 of this Technical Memorandum. Pier losses were very 
small numerically (usually less than 0.05 foot), but they amounted 
to a significant portion of the overall head loss in this canal, 
the invert of which drops at the rate of only 0.264 foot per mile. 
The effect of these small eddy losses on water depth depended on 
the Size, configuration, and spaCing of the piers along the canal. 
Backwater computations were necessary to demonstrate this effect 
since losses were not always additive. 



No chemical treatments have been used to retard the types 
of aquatic growths peculiar to this canal. Aromatic solvents were 
used to control the growth of Asiatic clams in the cooling condenser 
tubes at the Tracy Pumping Plant where the volume of water involved 
was relatively small. Treatments for Bryozoa growths have not been 
evolved at the time of publication of this Memorandum. As this 
growth does not appreciably increase flow reSistance, little experi
mental work has been attempted. Observations of moist Bryozoa 
growths above the water surface gave the impression that tentacles 
or filaments of the growth did not extend into the flow prism more 
than 1 inch. Therefore, most of the flow occurred a considerable 
distance from the boundary and probably was affected little by 
this slight change in boundary surface texture. However, little 
experimental evidence is presently available on the effect of thin 
layers of aquatic growths on turbulence characteristics or friction 
coefficients in large channels. 

The unexpectedly extensive silt-clam deposits, revealed 
during the 1960 unwatering, demonstrated that considerable amounts 
of silt entered the canal. Some of this silt entered through 
drainage inlets and some apparently settled to the invert from the 
slow velOCity turbid water. The sediment deposits, together with 
the relatively warm water from the Sacramento River delta area, 
evidently provided an ideal environment for Asiatic clam propaga
tion. These deposits had definite retarding effects on flow and 
created additional cleaning expense. Removal of the deposits and 
pier modifications resulted in decreased flow resistance and demon
strated that periodiC cleaning of this slow-velocity, concrete
lined canal was an important element in improving capacity. 

Figures 14 and 15 provide detailed information concerning 
prototype flow tests made during 1957, 1959, 1960, and 1961 in 
selected reaches of this canal. These figures also show computed 
values of hydraulic properties and design parameters. 
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Section C 

MAIN CANAL 

(Trail Lake Reach) 

Columbia Basin Project, Washington 



MAIN CANAL 
(Trail Lake Reach) 

Columbia Basin Project, Washington 

The Trail Lake Reach of the Main Canal was chosen as one 
of the locations for prototype tests to provide performance data 
for utilization in the establishment of design criteria for large 
concrete-lined canals. This reach is an example of a relatively 
high-velocity steep-slope canal. (Design velocity is 12.21 fpSj 

invert slope is 0.00061.) It is one of the few large Bureau of 
Reclamation canals which is operated in an unchecked condition 
over a large range of flows. As the operating season for this 
canal extends from March through October, it was possible to survey 
channel geometry during the unwatered period. 

Eleven free-flow water surface profiles were documented 
in a 5,570-foot reach of this concrete-lined canal during the 1961 
irrigation season. The profiles were recorded at approximately 
1,OOO-cfs increments of flow, beginning at 1,090 cfs on March 30, 
increasing to 6,820 cfs on June 26, and decreasing to 1,040 cfs 
on October 19. This canal was designed for a capacity flow of 
13,200 cfs and is a key link in the conveyance system between 
Franklin D. Roosevelt Lake (the reservoir behind Grand Coulee Dam) 
and the irrigated area of the Columbia Basin Project as shown in 
Figure A-l. Tests at the deSign capacity were deSired, but this 
flow could not be obtained because of upstream structure limita
tions. 

The 6,200 feet of concrete lining for this canal was 
placed in 1951 under Specifications No. 3190. A description of 
construction activities can be found in the "Long Lake Dam and 
Main Canal, Technical Record of Design and Construction," published 
by the USBR in 1955. The 5-inch-thick sides of the lining were 
placed one side at a time by a rail-mounted lining machine. The 
6-inch-thick invert was then placed using a bar vibrator and a 
strikeoff plate float. The invert was hand-finished with wooden 
floats and long-handled steel "fresno" floats as shown in Figure 
C-l. Transverse contraction grooves for this unreinforced con
crete lining were spaced at 25-foot centers and filled with 
asphalt mastic. 

Figure C-2 shows canal profile and section details. 
Kutter's formula having a roughness coefficient "n" of 0.014 was 
used for the deSign of this canal. The value of 0.014 was con
sidered adequate to provide for possible additional head losses 
caused by horizontal curves in alinement. Equivalent Manning's 
"n" - 0.0152. (Discharge computed using "n" = 0.014, Manning's 
formula, and design depth is 14,310 cfs, eight percent greater 
than deSign discharge.) A vertical freeboard allowance of 2.00 
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View of concrete lining operations on invert of the Trail Lake 
Reach of the Main Canal. Sides were placed by traveling rail
mounted slip-forms. A vibrating screed was used for initial invert 
surface finish. Fine finishing was done with steel trowels. 
CB-30588, August 7, 1951. 

Figure C-l 
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feet was provided from design water surface to top of concrete 
lining. 

Figures C-5 and c-6 show the sinuous alinement of the 
test reach and the locations of the water surface profile measur
ing stations which were designated alphabetically, A through E. 
These five stations were established in the 5,570-foot reach to 
document the expected backwater curves. Also, it was hoped that 
the effect of horizontal curvature on hydraulic resistance might 
be established by breaking the reach into four parts. The reach 
contained 10 horizontal curves in alinement and was one of the 
more sinuous canals described in this Appendix. Members of the 
water surface measuring crews reported that water noticeably 
"piled up" on the outside of some curves. A summary of curve 
details is given in Table C-l. 

Description of Tests 

Prior to the beginning of the 1961 operating season, the 
test reach was cleaned of all rocks and debris and the lining sur
face was reported to be free of all live aquatic growths. However, 
the photographs in Figure C-8, taken in January 1961, show that a 
dried coating was present on the lining at various locations in 
varying amounts. It is probable that some of this coating peeled 
or flaked off before the canal was filled in the spring. As 
water used during the tests was not chemically treated to retard 
organic growth, the tests reflect any effect on hydraulic friction 
which resulted from these growths. 

When the lining surfaces of the test reach were examined 
by project personnel in September 1961, the surfaces were found to 
be covered with a dense layer of Nostoc (an algae) averaging 1/8 
inch in thickness. The Nostoc layer consisted of firm, very 
smooth gel-like colonies which had slight tubercular projections. 
Figure A-10 shows a closeup of Nostoc in its wintering stage. A 
smaller amount of filamentous algae, Cladophera, was also found 
attached to the lining surface. Project operating personnel had 
not previously documented the effects of these algae on hydraulic 
friction but they were convinced that the resistance changes dur
ing the operating season. Their opinions on the Trail Lake lining 
growths state that possibly the Nostoc alone would provide a 
smoother surface than the original concrete, but that the Cladophera 
would be likely to cause an increase in flow resistance because of 
the filaments which extend 6 to 8 inches into the flow. 

Steady flows for the tests were established by holding 
constant releases from the Equalizing Reservoir upstream from the 
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Table C-1 

Reach 
Description Description of Horizontal Curves 

Length Curves Deflection Curve radius R1j 
From To L1 Curve per angle R1 T Curvature index 

(rt) No. mile Av. ( ft) 6,-
6,- Av. Av. 

A B 1525 1 3.5 26 26 358 358 4.3 4·3 0·09 

B C 1465 2 27 358 
358 

4.3 
4.3 

0.23 
3 7·2 39 33 358 4.3 

C D 1395 4 8 358 4·3 
5 15·1 20 21 358 358 4.3 4.3 0·30 6 17 358 4.3 
7 40 358 4.3 

D E 1185 8 75 286 3·5 
9 13.4 62 55 286 310 3·5 3·7 0·70 

10 29 358 4.3 

Average values 

A I E I 5570 9·5 34 344 4.1 0·31 
~~- ~------

T = Top width of design water surface • 83 feet. 



Aerial view looking downstream at the concrete-lined Trail Lake 
Reach of the Main Canal. Measuring Point A was just downstream 
from the end of the first curve shown in the foreground. 
P222-116-42644, July 15, 1960. 

Figure C-5 
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View looking downstream at Point E of test reach (Trail Lake 
Reach of Main Canal) j flow was approximately 6,800 cfs. The 
water surface was reported to be quite rough. P222-ll6-43535, 
June 29, 1961. 

Figure C-7 



View of unwatered canal between Points C and D. Note dried 
coating on sides caused by summer aquatic growths. Pools of water 
on the invert are evidence of slight undulations of this surface. 
P222-116-42814, January 16, 1961. 

Figure c-8 
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test reach. Steady flows were verified by charts from a water 
stage recorder located on the bridge downstream from Point E. The 
water was reported to be relatively clear and free of sediment. 

Discharge measurements were made approximately 4 miles 
upstream from Point A at the established gaging station for the 
Main Canal at Mile 0.2, Station 67+00. A Price Type A current 
meter was used and discharge was computed using the 0.2, 0.8 depth 
procedure. Discharges for data analyses were taken from the 
rating curve for the Mile 0.2 gaging station at the recommendation 
of project hydrography personnel. The rating curve was prepared 
from some 140 current meter gagings at this station and checked 
1961 test gagings within 4 percent. Average variation between 
rating curve and current meter gagings for the 11 test runs was 
1.5 percent. No measurable inflow or outflow occurred between the 
gaging station at Mile 0.2 and Point A of the test reach. Water 
losses due to seepage and evaporation were assumed to be 1 cfs per 
mile. 

Survey data were obtained on the unwatered canal prior 
to the tests based on assumed datum of 100.000 for a bench mark 
located near Point A. This datum was tied to design levels as 
shown on Figure C-3. The design invert elevation was computed for 
each of the 17 points at which a surveyed elevation was obtained. 
The assumed datum survey elevation was then subtracted from the 
design elevation, and an average difference of 1411.17 feet was 
computed. The average difference was also added to each surveyed 
elevation to obtain the as-built invert elevations. The as-built 
elevations were plotted as crosses on Figure C-3. Based on this 
analysis, 9 of the 17 points obtained on the centerline invert 
survey were above deSign grade and 8 were below. Average deviation 
from design grade was 0.05 foot and maximum deviation was 0.12 foot. 

Actual concrete lining surface irregularities on the 
invert were measured at selected locations within the test reach 
from lines parallel to and normal to the canal centerline. 
Measurements on lines parallel to the centerline were made from a 
taut nylon string 50 feet long. Offsets from the string were 
measured at approximate 4-foot intervals. The average deviation 
(of 60 measurements) from a plane surface was 0.032 foot. 
Measurements were made in a similar manner from strings stretched 
normal to the canal centerline on the invert. The average devia
tion of 28 measurements from a plane surface along these lines was 
0.018 foot. The maximum deviation indicated in all measurements 
on the invert was 0.13 foot. Specifications tolerances allowed 
surface irregularities of 1/4-inch (0.02 foot) measured from a 
10-foot straightedge on the invert. 
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On the sides of the concrete lining, measurements of 
surface irregularities were made from taut nylon lines anchored at 
the top and bottom of the slope. The average deviation (of 112 
measurements) from a plane surface on lines normal to the canal 
centerline was 0.033 foot. Offsets were measured in a similar 
manner along 1 i.nes parallel to the canal centerline. Average 
deviation (of 121 measurements) from a plane surface along these 
lines was 0.019 foot. Specifications tolerances allowed surface 
irregularities of 1/2 inch measured from a 10-foot straightedge on 
the sides of the lining. 

Plotted cross sections for the five water surface measur
ing stations were found to be within :1 percent of design values 
over the range of depths tested. Only one localized lining bulge 
(about 6 inches) was reported in the test reach. This was on the 
right side of the lining between Stations 206+01 and 206+85. When 
the canal was inspected after the tests it was found that about 5 
cubic yards of earth and rock material had sloughed into the canal 
near Station 309+00 sometime during the irrigation season. 

Elevations used for these tests are shown in the 
Prototype Test Data Summary Sheets (Figures 16 and 17) and were 
based on the assumed elevation of 100.000 near bench mark "A. II 
Relative elevations at other measuring stations were determined by 
two level circuits and checked by a static pool test. Closure 
errors of the two level circuits were 0.016 and 0.017 foot, respec
tively. Average adjusted levels were used for data analyses. 

Analyses of Test Data 

Water losses due to seepage and evaporation were assumed 
to be approximately 8 cfs (1. 5 cfs per mile) between the gaging 
station and the end of the test reach. This amount was less than 
1 percent of the lowest test flow. 

Figures C-3 and C-4 show plots of the 11 water surface 
profiles. It will be noted that distinct Ml-type backwater curves 
existed for all but the highest flows. The 6,820-cfs run of 
June 26 indicated relatively uniform depths which changed only 
0.34 foot (from 15.72 feet to 16.06 feet) in the test reach. This 
is very close to a uniform flow, constant depth condition. 

Water surface profiles obtained at similar discharges 
during different times of the year are plotted together in Figure 
c-4. This drawing shows graphically the seasonal change in 
resistance which occurred in the 5,570-foot test reach. For 
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This view of unwatered canal downstream of Point C shows coating 
on invert and sides from summer aquatic growth. Canal was not 
chemically treated to retard these growths during the 1961 tests. 
P222-ll6-4287l, January 16, 1961. 

Figure C-9 
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example, "nil was 0.0148 for a flow of 3,230 cfs on April 27, 1961, 
and 0.0195 for a flow of 3,190 cfs on September 6, 1961. The con
trol water surface at the end of the reach was the same (within 
0.10 foot) for both runs, but the water depth at the beginning of 
the reach on September 6 was 1.02 feet greater. A dense growth 
of Nostoc and some Cladophera algae was noted on the lining surface 
in September and apparently was the main reason for the increased 
resistance. Figure C-10 shows graphically the seasonal change of 
Manning I s lin" value s which occurred. 

Figures 16 and 17 contain summaries of computed test 
parameters. The computed roughness coefficients for Reaches BC 
and CD on April 20 were considerably lower and highe~ respectively, 
than values from adjacent reaches for some undiscovered reason. 
Therefore, these reaches were combined on this date in the figures. 

Summary and Discussion of Test Results 

Hydraulic flow resistance was computed for the 11 test 
runs made during 1961 in this5,570-foot reach of high velocity 
canal. Values of roughness coefficient "nil for use in Manning IS 

formula were found to be higher than antiCipated and flow resist
ance varied seasonally. 

Figure C-10 shows the surpriSingly large seasonal varia
tion in roughness coefficient tin." A low of 0.0143 was computed 
for Reach DE on May 22 and a high of 0.0203 was computed for Reach 
CD on September 29. This amoWlted to almost a 40 percent change 
in "n" in a 5-month period. Apparently algal growths on the con
crete lining surface were the major factors which caused the 
increased resistance. No chemical treatments were made to retard 
these growths in the test reach. Therefore, a vivid demonstration 
of the effect of aquatic growths on flow resistance was documented 
in this canal. 

Figure C-10 shows the spread of computed resistance 
coefficients that existed in the incremental reaches between 
Points A and E. Reach DE was most sinuous but did not always indi
cate an appreCiably higher "nil value. Reach AB was least sinuous 
but did not always indicate the lowest "n" value. The average "n" 
values for all 11 tests in each Reach were: 

Reach AB--0.0166 
Reach BC--0.0165 
Reach CD--0.0170 
Reach IE--0.0165 
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Note: This reach of canal was not chemically tredted to retard aquatic growths 
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Figures 16 and 17 provide more detailed information 
concerning prototype tests made during 1961 in this canal. These 
figures also show computed values of hydraulic properties and 
design parameters. 
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Section D 

EAST LOW CANAL 

Columbia Basin Project, Washington 



EAST LOW CANAL 
Columbia Basin Project, Washington 

A series of 14 water surface profiles was documented 
and other hydraulic performance data were obtained from the East 
Low Canal during the 1960 irrigation season. The inf'ormation was 
obtained between March and October at flows which varied from 875 
to 4,470 cfs. (The first 26 miles of this canal were designed for 
4,500 cfs.) Test data were obtained for the purposes of determin
ing the hydraulic resistance in concrete-lined sections and to 
enable operating personnel to demonstrate the carrying capacity 
of the upper portion of the canal. 

Comprehensive measurements were concentrated in two 
concrete-lined reaches located in the first 6 miles of the canal. 
An 8,059-foot sinuous length, called Reach 1, and a 6,255-foot 
straight length, Reach 2, were selected as typical locations for 
tests. Additional measurements between Miles 6 and 36 were 
obtained on September 19 and 20 when near design flows occurred. 
Figures D-l through D-5 show test reach alinement and profile and 
section details. 

The 4-1/2-inch-thick concrete lining in the first 27 
miles of this canal was described in USBR Specifications No. 1422 
and 2603. Lining of the first 11 miles of canal was completed in 
1949; the lining of the remaining 16 miles was completed in 1951. 
The first 11 miles of lining was placed from a large rail-mounted 
slip-form which paved the entire section in one pass. More than 
half of the 27 miles of canal was unreinforced. Specifications 
reqUirements for finishing the lining in 1946 stated, "Concrete 
canal lining shall be finished so as to eliminate irregularities 
and produce a finish equivalent to that obtainable by the use of 
a wood float followed by one pass of a steel fresno. tI No dimen
sional tolerances for finishing the concrete were set forth in 
1946. 

In 1949, a general revision was made in specifications 
paragraphs relating to finishing the surfaces of concrete canal 
lining. Subsequent to this time the requirement stated: "The 
finished surface shall be equivalent, in evenness, smoothness, and 
freedom from rock pockets and surface voids, to that obtainable 
by the effective use of a long handled steel trowel. Light sur
face pitting and light trowel marks will not be considered 
objectionable. Where the surface provided by a lining machine 
meets the specified requirements, no further finishing will be 
required. Surface irregularities (gradual) * * * will be tested 
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Aerial view looking upstream toward sinuous Test Reach 1 of the 
East Low Canal. Point D of this reach was located 360 feet upstream 
from the county road bridge (Station 165+75.7) shown in the fore
ground. P222-ll6-42654, July 15, 1960. 

Figure D-2 
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Aerial view looking upstream at straight Test Reach 2 of the 
East Low Canal. Point G of this reach was approximately 200 feet 
upstream from the P.C. of the curve shown in the foreground. 
P222-ll6-~2651, July 15, 1960. 

Figure D-3 
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NOTES 
Check gates were open and out of water at Broken 

Rock Siphon No.' and Black Rock Siphon Inlets. 
Check gates at inlet to Racky Coulee Siphon (Mile 2'2.7) 

and Weber Check (Mile 36.9) were in the water under 
manual cantrol. Automatic can trois were switched 
to operate the gates at both the Rocky Coulee and 
Weber Wasteway turnouts to maintain the normal 
water surface upstream from these two checks. 

Chemical treatment to retard algal growths started 
at the County Road Bridge at Mile 6.05. Treatments 
were made in the concrete lined section below this 
point periodically during the 1960 operating season. 

Water surface profile defined by slope measurements 
from tap of structures or concrete lining. As·built 
elevations assumed for measuring points. 

Reach of canal shown contains 10 county road bridges 
and 2 railroad bridges which have piers in the 
flow prism. These bridges are not called out on 
this drawing because of limited space. 

Values of head loss listed at each siphon are allowances 
provided in original design. Head losses during tests may 
be scaled from water surface profiles. 

EAST LOW CANAL--COLUMBIA BASIN PROJECT 

WATER SURFACE PROFILES- -MILES 1.6 TO 36.9 
SEPTEMBER 1960 TEST MEASUREMENTS 
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Only 8 of the 14 water surface profiles measured in 
1960 are shown on this drawing in the interest of clarity. 

Symbol for 1960 f invert elevations +. 
For design sec tion and profile, see 222-0-10260 and 

222-0-11501 from Spec. 1422, for which bids were 
opened on 8 - 20 -46. 

EAST LOW CANAL--COLUMBIA BASIN PROJECT 

1960 WATER SURFACE PROFILES 
AND 

INVERT SURVEY DATA 
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by the use of a template consisting of a straightedge * * * which 
will be 10 feet long for unformed surfaces * * * shall not exceed 
1/4 inch on bottom slabs and 1/2 inch on side slopes." The follow
ing dimensional tolerances were also provided: 

Departure from established alinement 

Departure from established profile grade 

Variation from specified width of 
section at any height 

Variation from established height of 
lining 

2 inches on tangents 
4 inches on curves 

1 inch 

1/4 of 1 percent 

1/2 of 1 percent 
plus 1 inch 

Transverse contraction grooves in the lining were 
generally spaced at 12- to l5-foot centers in combination with 
seven equally spaced longitudinal grooves. However, between Miles 
1 and 4 various combinations of groove spacings were used to pro
vide experimental data on prototype lining performance. One 
550-foot reach was placed in which all transverse grooves were 
omitted and only two longitudinal grooves were provided. 
Contraction grooves were specified to be at least 1/4 inch wide 
and 1 inch deep and were filled with an asphalt mastic compound. 
Photographs indicated a fairly level surface across these grooves 
below the waterline. However, the mastic filler generally pro
trudes above the lining surface on the sides of the canal above 
the high waterline. 

Test Reaches 1 and 2 contained no in-line canal struc
tures. Flow depths in these reaches are controlled by gates at 
Broken Rock Siphon No. 1 and check which is located downstream at 
Mile 10.0. Six test runs were made with these check gates open 
(M2-type backwater curves) and eight runs were made with gates in 
the water (Ml-type backwater curves). Head loss measurements were 
made for the 20-foot timber bridge (Figure D-6) at Station 319+83, 
below Test Reach 2. 

Head loss measurements were made across four 19-foot 
4-inch-diameter concrete in-line siphons on September 19 and 20, 
1960. Water surface profiles, showing results of these measure
ments are provided in Figure D-4. 

Horizontal alinement curves in Reach 1 are described in 
Table D-l. 
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.... ..... ..... 

VI.S. 
measuring 

point 

A 

B 

C 

D 

Average values 

Deflection 
Curve angle 
No. 6,.. 

1 42 Right 
2 34 Left 
3 47 Right 

4 40 Left 
5 23 Right 

6 55 Left 

40 

E6. == 2410 

Table D-l 

Curve R
lj radius Rl Curvature 

(feet) T index 

716 9·3 
716 9·3 0.19 
716 9·3 

573 7·5 0.12 
573 7·5 

955 12.4 0.13 

708 9.2 0.15 

An average of 3.9 curves per mile 



No curves or bridges existed in Reach 2. 

Kutter's formula with a roughness coefficient "n" of 
0.014 was used for the original design of this canal. Equivalent 
Manning's "n" for the canal section is 0.0144. Discharge computed 
using Manning's formula, "n ff 

"" 0.0140, and design depth of 18.92 
feet is 4,634 cfs, 3 percent greater than design discharge. A 
vertical freeboard allowance of 2.68 feet was provided from the 
design water surface to the top of the concrete lining. 

Description of Tests 

As this canal is not operated during three winter months, 
it was possible to secure survey information and photographs in 
the unwatered section. Photographs shown in Figures D-7 were taken 
in March prior to tests and those for D-8 and D-9 in November after 
the tests. 

Surveyed invert profiles were plotted in Figure D-5. In 
Reach 1, 6 of 20 surveyed points were above design grade, 3 were 
on grade, and 11 were below. Average deviation from grade was 
0.05 foot and maximum deviation was 0.09 foot. In Reach 2, 9 of 
15 points were above grade, 2 were on grade, and 4 were below. 
Average deviation was 0.06 foot and maximum was 0.15 foot. 

Actual concrete lining surface irregularities on the 
invert were measured at selected locations within the test reaches 
from lines parallel to and normal to the canal centerline. 
Measurements on lines parallel to the centerline were made from a 
taut nylon string 36 feet long. Offsets from the string were 
measured at approximate 3-foot intervals. The average deviation 
(of 16 measurements) from a plane surface was 0.02 foot. 
Measurements were also made from strings stretched normal to the 
canal centerline across the width of the invert. The average 
deviation (of 44 measurements) from a plane surface was 0.01 foot. 

On the sides of the concrete lining, measurements of 
surface irregularities were also made from 36-foot long taut nylon 
lines stretched parallel to the canal centerline. Average devia
tion (of 31 measurements) from a plane surface was 0.02 foot. 

Cross sections at the seven water surface measuring 
points deSignated alphabetically A through G were plotted from 
survey information and found to be within !l percent of the design 
areas at test flows. Points Band F have apparent local bulges in 
the lining which reduce cross sectional area by about 2 square feet. 
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A. View of unwatered canal taken before beginning of capacity tests. 
Personnel are shown cleaning rocks and other debris from canal in 
Reach 1. Eleven-year old concrete surface was in excellent condition 
P222-ll6-42l86, March 17, 1960. 

B. Photograph of unwatered Reach 2 prior to 1960 capacity tests. 
Concrete lining surface had few irregularities but evidence of fresh 
water sponge growth is shown. Mastic contraction groove filler was 
generally depressea 1/8 inch below concrete surface in the flow prisl 
P222-ll6-42l87, March 17, 1960. 

Figure D-7 

113 



Closeup of intake piping and stilling well pier at Station 31+84.2 
on the East Low Canal. Evidence of filamentous algal growth is 
show on pier and on sides and invert of concrete canal lining. The 
canal was not chemically treated at this location to retard aquatic 
growths. P222-ll6-42844, December 16, 1960. 

Figure D-8 
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A. Unwatered Reach 1 af'ter 1960 capacity tests. Fresh water sponge 
growth is evident and appears to attach itself' to edges of' contraction 
grooves at many locations. P222-116-42818, November 28, 1960. 

B. Unwatered Reach 1 af'ter 1960 capacity tests showing general 
condition of' concrete lining. P222-116-42817, November 28, 1960. 

Figure D-9 
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As photographs of the unwatered canal indicate that such bulges 
apparently occur very rarely, their effect on flow resistance 
should be minor. Project photographers and surveyors did not 
record any unusual humps or distressed areas in the lining during 
the invert survey. 

Representative samples of the unreinforced concrete 
lining approximately l-foot square were cut from the side slopes 
and invert at Station l21+0ot and 27l+00t. Plans were made to use 
these samples in laboratory flow resistance tests to evaluate 
resistance coefficients. 

Discharge measurement for test flows was obtained from 
a temporary cableway at Point F, Station 272+43, in the straight 
reach. The frontispiece of this Technical Memorandum shows crews 
making measurements for the 1,980-cfs test of March 30. 
Comprehensive current meter traverses were made at this location 
with Price Type A current meters to determine velocity profiles. 
As long as 9 hours were required to make a traverse in this wide 
canal section at high flows. Data from the velocity profiles were 
used by the Hydraulics Branch in analyses to determine boundary 
shear distributions around the perimeter of the flow prism. 
Results of this study will be incorporated in a separate report. 

An electronic computer program was written to establish 
discharge from the comprehensive current meter traverses. This 
program integrated discharge from an approximate 2-foot-square 
grid pattern over the entire canal section. Discharges obtained 
from the computer stUdy were used for analyses of data. Deviations 
from discharges computed using the 0.2, 0.8 depth method were less 
than 2 percent for all runs except those on March 28 and April 18. 
Discharges from the computer analysis were 3.0 and 5.3 percent 
less, respectively, on these two dates. 

Water samples to determine sediment concentrations were 
also obtained at Point F during the tests through May 9, 1960. 
These samples were shipped to the Denver Laboratories and sediment 
concentrations were found to be very small--from 0.2 to 0.6 ppm by 
weight. Because of these minute concentrations, the project was 
notified that additional sampling would not be required unless 
system operations changed in a manner which might introduce appre
ciable sediment. 

Continuous recordings of water stages in the canal for 
the entire 1960 irrigation season were obtained at two locations. 
Prints of charts from a recorder in a permanent stilling well at 
Station 37+84.2 and a recorder in an unused pump turnout at 
Station 162+26.8 were used in data analyses. 
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No water was turned out of Reaches 1 and 2 and no local 
inflows were recorded. 

Water surface gages (Figure 4) developed by the Hydraulics 
Branch were used to obtain water surface elevations in Reaches 1 
and 2. The frontispiece shows crews with "diving board" platforms 
making test measurements. At least five readings of water surface 
elevation were obtained on each side of the canal at each measuring 
point during each of these 14 tests. 

Two water surface profiles for the next 31 miles of canal 
downstream from Reach 2 were established by means of freeboard 
measurements from the top of the concrete lining on September 19 
and 20. The accuracy of the "freeboard" type of measurement is not 
as precise as the "water surface gage" method but it required less 
time and enabled an evaluation of a longer reach of canal at flows 
very close to design capacity. Records of water deliveries from 
this longer reach were submitted for the 2 days. 

Seepage and evaporation losses from this canal are esti
mated by operating personnel to be approximately 1.5 cfs per mile 
at design discharge. Current meter gagings were made in Reach 2. 
As these discharge measurements were made concurrently with water 
surface measurements in this reach, no correction was made for 
losses therein. As Reach 1 is located 3 miles upstream of the 
current meter gaging station, 5 cfs was added to computed discharges 
for data analyses in this reach. (This correction amounted to less 
than 0.6 percent of the lowest test flOW.) 

Project personnel reported that there was little or no 
live-aquatic growth on the concrete lining prior to filling the 
canal in March. However, Figure D-7 shows distinct evidence of 
the remains of fresh water sponge growth (tentatively spongilla 
Fragilis). After further investigation it was found that this 
growth survives in a dormant state through the unwatered period 
during the winter. 

As water in Reaches 1 and 2 was not chemically treated to 
retard aquatic growths, the tests reflect all effects of such 
growth on hydraulic resistance. Figures D-8 and D-9 show evidence 
of sponge and filamentous algae on the invert in the fall after the 
tests. In addition to these growths, it is probable that Nostoc 
(an algae) was present since it grows in the concrete-lined Main 
Canal near the East Low Canal turnout. 
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Analyses of Test Data 

Figure D-4 shows plots of water surface profiles 
measured in the first 37 miles of the canal in September 1960. 
Water surfaces for these profiles were measured from top of con
crete lining or from canal structures using as-built elevations. 
No survey work to tie in the elevation of these water surface 
measuring points to the elevations used in Reaches 1 and 2 was 
accomplished below Mile 7. Therefore, profile lines for top of 
earth bank, top of concrete lining, and canal invert were drawn 
in design locations. This profile shows near-design flow per
formance of the canal. The two most obvious facts which are 
apparent from this figure are: 

1. Distinct M2-type backwater curves existed upstream from 
in-line inverted siphons. This condition indicated that 
head losses through Siphons were less than those assumed in 
the original design. 

2. Depth of now in the earth section was considerably 
greater than that assumed in the original design. 

These two tests demonstrated i~t the upper end of the 
concrete-lined portion of this canal (Miles 0 to 23) would carry 
design flow at depths equal to or less than that assumed for the 
original design. This was possible only because several rela
tively long siphons were present, each of which had actual head 
losses that were less than those allowed in the original design. 

Water in the earth canal section flowed above design 
depth, although discharge was only 80 percent of the design value. 
This backed up water below Rocky Coulee Siphon so that freeboard 
to top of concrete lining was 70 percent of the amount allowed in 
the original design. Apparent Manning's "n" values in the earth 
section were 0.028 to 0.046 compared to the 0.0225 (Kutter's) or 
0.0213 (Manning's) assumed for the original design. 

Head loss measurements made across the 19-foot 4-inch
diameter in-line siphons are summarized in Table D-2. 

Where check structures occurred at the inlets to Siphons, 
a single set of head loss measurements was made across both the 
siphon and the check. During the tests of September 19 and 20, 
1960, the check gates at the entrance to Broken Rock Siphon No. 1 
and Black Rock Siphon No.2 (Figure D-4) were open and clear of 
the water surface while the gates at the entrance to Rocky Coulee 
Siphon were partially closed to control the upstream water surface. 
Head losses at the three siphons listed above, where the water 
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A. View looking upstream towards county road bridge at Station 
319+13, during 4,450 cfs flow. The high velocity portion of the 
flow is apparent in the center of the canal with relatively slow 
velocities on either side. Water depth at this point is less than 
the design value because of the drawdovn at the entrances to Broken 
Rock Siphons No. 1 and 2. P222-ll6-42550, September 19, 1960. 

B. Inlet to Broken Rock Siphon No.2; flow is 4,430 cfs. Water 
surface drawdovn occurred because actual head losses in the siphon 
were less than the amount allowed in design. P222-ll6-42552, 
September 19, 1960. 

Figure D-10 
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Table D-2 

Measured head loss Design 
Structure adjusted to head loss ill design flow (feet) 

Broken Rock Siphon 
No. 1 and Check 1.93 feet 2.96 0.65 

..... 
~ 

Broken Rock Siphon 
No.2 2.72 feet 4.56 0.60 

Black Rock Check 
and Siphon 3.58 feet 5.36 0.67 

---_.- -_._-



surface was uncontrolled, were about 60 to 70 percent of the design 
allowance for these structures. A head loss comparison was not 
made for Rocky Coulee Siphon where the check gates were in the 
water. 

Head loss measurements across the 20-foot timber bridge 
at Station 319+83 are summarized in Figure 11. This bridge is 
supported by two bents, each bent consisting of two l8-inch square 
posts, as shown in Figures D-6 and D-12. The maximum measured rise 
in canal water surface between a point lOO-feet upstream and 200 
feet downstream from the bridge was 0.12 foot and the minimum was 
0.03 foot. The former amount was measured during the 4,4l0-cfs 
test of September 20, 1960, and the latter during the 2,220-cfs 
test of August 22, 1960. The head loss due to normal canal 
boundary shear only was computed for the 300-foot reach, based on 
measured friction coefficients. This value was subtracted from 
the total measured rise in water surface leaving the head loss, 
hp, attributable to piers only. Values of hp varied from 0.02 to 

0.07 foot. Values of Kp computed for use in the equation hp • RJ,h..
varied from 0.13 to 0.20. The average value of Kp for four tests 
was 0.16. 

Figure D-ll shows 1,300-cfs flow conditions in concrete
lined portions of the Weber Wasteway on September 19, 1960. This 
l2-foot bottom width wasteway was designed for 2,000 cfs on rela
tively steep invert slopes which varied from 0.004 to 0.03. 
Considerable wave action is shown by the photographs, but it 
appears that sufficient freeboard should be available at design 
flow. Figure D-12 shows partial capaCity flows in Lind Coulee 
Wasteway. Of interest is the spectacular stilling basin perfonn
ance at these flows. 

Figures D-13 and D-14 are graphs which show the seasonal 
change of Manning IS "n." Tests of April 18, May 2, and October 3, 
1960, were omitted from these figures. These three tests were 
made with low flows under checked conditions. This situation 
resulted in extremely flat energy gradients and low canal veloci
ties of less than 2.1 feet per second. Very small errors in 
measurement of water surface slopes under these conditions can 
result in large variations in computed friction coefficients. 

On April 18, the total fall in water surface in the 
6,255-foot Reach 2 was only 0.06 foot. Notes taken by measurement 
crews on this day indicated that gusty winds strong enough to 
cause whitecaps on the water existed during test periods. A 5 
percent discrepancy also existed on this day between the discharges 
computed by field and computer methods. Recorder charts indicated 
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A. View showing flow characteristics upstream from the railroad 
culvert at Station 88+70 of the Weber Wasteway. Wasteway is carrying 
about 1,300 cfs in section designed for 2,000 cfs. P222-116-425J8, 
September 19, 1960. 

B. View looking downstream from railroad culvert at Station 89+16 of 
the Weber Wasteway. The diagonal roller at lower right results from 
wasteway curvature and change in invert slope. The invert grade up
stream from the culvert is steeper than the grade on the reach down
stream which is shown here. Flow was 1,300 cfs in 2,OOO-cfs section. 
P222-116-42539, September 19, 1960. 

Figure D-11 
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A. Looking upstream towards 20-foot timber bridge at Station 319+83, 
showing flow characteristics around square post concrete piers at 
4,450 cfs discharge. P222-ll6-42549, September 19, 1960. 

B. View of 3,500-cfs Lind Coulee wasteway chute stilling basin at 
800 cfs flow. The fountain of spray overtopped stilling basin walls. 
Unsatisfactory stilling pool performance was due to lack of down
stream tailwater depth. P222-ll6-42544, September 19, 1960. 

Figure D-12 
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that canal stage rose about 0.05 foot on May 2. Test notes indi
cated ~, '~choppy" water surface existed on October 3. Ree and 
Palmer&CJ, in a report on flow in vegetated waterways, show large 
increases in "n" values due to plant growth in smaller earth 
channels. These authors plotted "n" against values of VR and found 
that the largest increase in "n" occurred at the lowest values of 
VR. The high "n" values computed for the tests of April 18, May 2, 
and October 3 could have been due primarily to the low velocities. 
However, the probability of errors in measurements prevented draw
ing a firm conclusion. 

Figures D-13 and D-14, plotted from the 11 remaining 
1960 tests, show an apparent increase of 30 percent in the value of 
Manning' s lin" between March and August. After August, "n" decreased, 
but it did not return to the March value. If only the six free-flow 
runs are considered, Manning's "n" values increased 17 percent 
seasonally, from 0.0144 to 0.0169. Values of "n" from sinuous 
Reach 1 average generally 5 percent higher than those in straight 
Reach 2. A reasonable agreement between "n" values in the two 
reaches occurred when curve losses of 0.001 (tJ.0 

) (hv ) were sub
tracted from tJ.e values in sinuous Reach 1. 

Variations between computed values of Manning's "n" for 
shorter segments (A to B, B to C, etc.) were less for free-flow 
runs where M2 curves existed. However, "n" values for segments of 
Reaches 1 or 2 were within 6 percent of the value computed for the 
entire reach length for each of the 11 test runs considered. 

Figure D-15 shows Manning's "n" plotted against hydraulic 
radius. The trend shown by this figure indicates an increase of 
"n" with hydraulic radius. Some of the indicated increase in "n" 
could have been due to the effect of a larger hydraulic radius. 
However, most of the variation was believed to have been caused by 
the seasonal change of aquatic growth on the lining surface. The 
largest flows were required during a period of considerable algal 
growth on the canal lining. Techniques were not available at the 
time of these tests to examine the surfaces of the concrete lining 
below the water surface. It was stated that algal growth in other 
canals in the vicinity was heaviest in the months of August and 
September. 

Figure D-16 is a plot of friction factor "fIt against 
Reynolds' Number. __ ~is plot is similar to the "n" - VR chart used 
by Ree and Palme~, in their analyses of flow in vegetated water
ways, and identical to that used in References 3 and 9. The "f" 
values from the East Low Canal open channel tests were generally 
higher than those recorded for concrete closed conduits in this 
range of Reynolds' Numbers. The seasonal trend of increaSing 
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resistance is again shown by this plot. Only 3 of the 11 pOints 
plotted in Figure D-16 fell outside of the theoretical range of 
fully developed turbulent flow. 

Summary and Discussion of Test Results 

Hydraulic resistance in the open channel portion of this 
canal was found to be greater than anticipated in design. Head 
losses across three inverted siphons appeared to be about 65 per
cent of design allowance. Due to the frequency of these siphons, 
the 4,5OO-cfs concrete-lined portion of canal between Miles 0 and 
22.7 was able to carry design flow at water depths equal to or 
less than assumed in design. However, the situation could change 
if severity of algal growths on the canal lining increased beyond 
that which existed in August 1960. 

Data from Test Reaches 1 and 2 for the six free-flow runs 
with M2 backwater curves are considered most applicable to design 
conditions .. Considering only these six 1960 runs, computed values 
of Manning's "n" averaged 0.0145 in March, increased to a peak of 
0.0169 in September with a maximum flow of 4,460 cfs, and decreased 
slightly to 0.0166 for the October tests. The October tests were 
made at flows close to those used in March and showed a 15 percent 
increase in Manning's "n. tl The apparent reason for the increased 
hydraulic resistance was seasonal algal growth on the concrete 
lining. During these tests no attempts were made to control or 
retard this growth in Reaches 1 and 2. 

Manning's "n" values for the Slnuous test reach were 
conSistently above those in the straight reach by about 5 percent. 
Values for segmental parts of Reaches 1 and 2 were within 6 percent 
of the value for the entire reach. 

At about 80 percent of design capacity, some water depths 
in the canal below Mile 22.7 were greater than anticipated for 
maximum design capacity. Manning's "n" values of 0.028 to 0.046 
were computed in earth canal sections from September 1960 tests. 
These values are 12 to 100 percent higher than the 0.0225 used for 
original design. As trouble with sago pondweed has been experi
enced in adjacent earth sections of the canal, this growth was 
undoubtedly present in some degree during these tests. 

The steep-slope concrete-lined Weber Wasteway should 
carry 2,000 cfs without serious overtopping of the concrete lining 
even though considerable wave action exists. 
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Figures 17 and 18 provide more detailed information con
cerning prototype flow tests made during 1960 in Test Reaches 1 
and 2 of this canal. These figures also show computed values of 
hydraulic properties and design parameters. 
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Section E 

FRIANT-KERN CANAL 

(First 29 Miles Between Friant Dam and the Kings River Siphon) 

Central Valley Project, California 



FRIANT·KERN CANAL 
(First 29 Miles Between Friant Dam and the Kin!;s River Siphon) 

Central Valley Project, California 

A series of water surface profiles was documented and 
other hydraulic performance data were obtained from the first 29 
miles of the Friant-Kern Canal in 1958, 1960, and 1962. This 
information was obtained during the irrigation seasons at flows 
varying from 970 to 4,560 cfs. Water depths were greater than 
anticipated for all test runs. 

Conditions in the beginning portion of this canal are 
very favorable for measuring water surface profiles for the follow
ing reasons: 

1. Flows can be held relatively steady because of the large 
storage capacity in Millerton Reservoir behind Friant Dam at 
the head end of the canal. 

2. Discharges can be literally metered by means of the hollow
jet valves in the outlet works at the base of the dam which 
have been calibrated by numerous current meter gagings. 

3. Few turnouts of any size exist. Very little water (a maxi
mum of 10 cfs) was delivered from turnouts during the tests. 

The first 29 miles of this concrete-lined canal and the 
in-line inverted Siphons were built between 1945 and 1948 under 
Specifications No. DC-l099, 1148, 1171, and 1181. A description 
of construction activities can be found in the "Friant-Kern Canal, 
Technical Record of Design and Construction" published by the 
Bureau of Reclamation in 1958. The 3-l/2-inch-thick concrete 
lining was placed from a large rail-mounted traveling slip-form 
which covered the entire canal prism in one pass. Final finishing 
of the concrete surface and contraction grooves was performed by 
as many as 10 finishers working with hand tools on a jumbo follow
ing the slip-form. No construction tolerances were given in the 
specifications for placing the lining, but requirements stated 
"* * * canal lining shall be finished so as to eliminate all irregu
larities and produce a smooth surface equivalent to the finish 
obtained by the effective use of a long-handled steel trowel when 
applied to a horizontal surface." Transverse and longitudinal 
contraction grooves were located at approximate l2-foot intervals 
and were filled with asphalt mastic. 

Figures E-l through E-3 show location, alinement, profile, 
and section details. The following structures existed between the 
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SINUOUS REACH No. I 
Miles 10.70 TO 12.94 

STRAIGHT REACH NO.2 
Miles 15.20 TO 16.64 

FRIANT-KERN CANAL TEST REACHES 
FIGURE E-2 
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beginning of concrete lining at Friant Dam, Mile 0.08, and the 
Kings River Siphon, Mile 28.5: 

1 combination check structure and 22-foot-diameter inverted 
siphon 

1 five-barrel rectangular inverted siphon 
23 two-pier ti.rnber bridges 

l~ 'chree-pier timber bridges 
1 four-ph~i' timber bridge 
'7 one-pier concrete bridges 
). two-pier eonc!:'ete bridge 
4 t~o-pier overchutes 

This list shows a total of 40 sets of piers 1n 28.4 miles, an 
average 01' one set every 0.71 mile. The original design d.id not 
provide a.n adjustment in invert grade for eddy losses at any of 
these structures. 

'The 28.4-m1.le reach also contains 158 horizontal curves 
in allnement (an average of 5.6 curves per mile). A summary of 
curve inforwation is given in Table E-l. 

~'he plane surface on the invert of the concrete lining 
is interrupted by the presence of about 300 underdrain hoods of 
the type sho'Wll in Figure E,·4. 'These hoods are located. at various 
intervals along the canal and enclose flap valves wh:i.ch alloW' 
entr:)' of drainage \.[at,er. Eighty percent of the hoods are located 
below Mile 17. 

'Ivo reaches of t,his canal were chosen for comprehensive 
testing. An 11,812-foot sinuous reach, called Reach 1, and a 
",583'·foot straight reach; Reach 2, were selected as typical loca
tions for tests. Alinemen1~ of these reaches is shown from aerial 
photographs in j!'igure E-2. Reach 1 contained no in-line structures 
and seven tmderdrain hoods. Reach 2 contained two 16-foot timber 
bridges, both of which had two 4-post timber piers, as shOW!'. in 
Figu.re E-IO, and 22 under.drain hoods. The piers on the bridge at 
Mile 15. e3 wer'-;: "" .. )(::8 theti, ar..d round nose and tail units were 
add.ed o.uring January j 9(,0 in an experiment to determine ..rhether 
the head losf. acr()ssthe piers could be reduced. 

Flow depths at Mile 28.5 were held constan.~; "::Jy automatic 
float-controlled radial gHtes in the check st:t"llcture at the 
entranee to t.he Kingf, .tU.ver Siphon. Little Dry Creek check gates 
·were free f).nd clear of the water for all tests. Figures E-5 and 
E-6 shov? tr8.\!es of w-ater surface profiles. This portion of the 
canal was clesigned for a nO,1.'rool operating capaeity of 4,001.') cfs 
and f!. Illi3,Xim1.l111 flow of 5,000 efs with 0.25 foot of freeboard to 
the top of the concrete ljning, 
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Water was above top of concrete lining In reaches shown during 
4.230 cfs test July 22 and 23.1958. before copper sulfate treatment 
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NOTES 
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NOTES 
Forty tn-Ime structures With prers tn the flow prism exist 

tn the first 28.5 miles of this canal These structures are 
not shown on thiS draWing because of space limtfatlOns 
The structures are listed below: 

23 Two-pier timber bridges 
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Table E-1 

Reach Description Summary of Horizontal Curve Data Av. 

Miles Length No. Curves Deflection angles (tl 0 
) Curve radium (R1) R1/ Curvature 

L1 per (ft) T index 
From To (ft) mile ~~o Min. Max. Av. Min. Max. Av. 

0.08 3.24 16,680 23 7·3 901 12 95 39 200 800 322 4.3 0.27 
3·24 5.49 11,880 22 9.8 913 7 100 41 300 600 336 4.5 0.38 
5.49 5.66 900 0 Little Dry Creek Siphon 
5.66 9·07 18,000 23 6.7 1,269 13 138 55 140 600 276 3·7 0·35 
9·07 10·70 8,610 9 5·5 456 7 117 51 200 600 311 4.2 0.27 

*10·70 12.94 11,810 16 7·2 901 18 164 56 280 800 342 4.6 0.38 
12.94 14.57 8,610 9 5·5 522 31 81 58 300 600 400 5.4 0·30 

~ ..... 14.57 14.64 370 0 Dry Creek Siphon 
14.64 15·20 2,960 3 5.4 I 149 I 39 56 50 230 300 254 3.4 0.25 
15·20 16.64 7,580 0 Straight Test Reach 2 0.00 
16.64 19·57 15,470 13 4.4 435 10 75 33 300 400 308 4.2 0.14 
19·57 23·57 21,120 18 4.5 510 5 55 28 300 1,000 400 5.4 0.12 
23·57 25·99 12,780 13 5.4 619 8 105 48 200 1,000 365 4.9 0.24 
25·99 28.53 13,410 9 3.6 226 7 60 25 300 400 311 4.2 0.08 
28.53 29·15 3,270 0 Kings River Siphon 

Totals 
(Siphon lengths excluded) 

28.21 Miles 148,910 1158 5.6 6,901 5 164 140 1,000 

Average values for 28.21 miles of canal 44 332 4.5 0.23 

*Sinuous test Reach 1 
T = 74.05 feet for Q = 4,000 cfa 



During July 1958, tests with flows of approximately 
4,230 cfs were made "before and after" copper sulfate treatments. 
On July 22 and 23, before treatment, water overtopped the concrete 
lining for about 4 miles downstream from the ends of the two 
siphons. On July 25 and 28, after treatment, the 4,230 cfs was 
contained within the lining. Siphons were designed for 5,000 cfs 
and this resulted in a decreased depth in the open channel 
upstream from the siphon. 

Tests made in April 1962 demonstrated that 4,500 cfs 
could be carried within the concrete lining with about 0.20 foot 
of freeboard in the "tight spots." More frequent and concentrated 
chemical treatments in 1962 apparently improved flow conditions by 
better control of algal growth on the concrete lining. 

Kutter's formula with a roughness coefficient tin" of 
0.014 was used for the original design of the canal. The value of 
0.014 was considered adequate to provide for head losses across 
bridge piers and for horizontal curvature in canal alinement. 
Freeboard of 0.25 foot was anticipated for infrequent flows of 
5,000 cfs. Equivalent Manning's "n" is 0.0143. Discharge computed 
using Manning's formula, "nil = 0.014 and design depth is 4,100 
cfs, 2.5 percent more than normal design discharge of 4,000 cfs. 
Freeboard allowance for 4,000 cfs was 2.28 feet. 

Test Preparations and Measurements 

The :first 28.5 miles o:f the canal were unwatered during 
December and January each year between 1958 and 1962; it was there
fore possible to secure photographs and survey information in the 
empty canal. Figures E-7 and E-8 were taken in the canal during 
December 1960, and show several factors which have a bearing on 
hydraulic flow resistance. Some of these are: 

1. Surface fines have been eroded from the lower two-thirds 
of the wetted perimeter and aggregate is exposed. 

2. A series of humps, 0.1 to 0.2 foot high, exist on the 
invert at locations where the lining machine started and 
stopped. These humps are evident in that they hold pools of 
water behind them and prevent complete drainage. 

3. Sides of the lining were clean and showed little evidence 
of aquatic growths, although a green "scum" was noted inter
mittently on the invert. 

132 



Typical lining surface and joint filler conditions in Friant
Kern Canal. Above the waterline very little, if any, of the 
fines have been removed, but in the lower third, the exposed 
aggregate may be seen. Photograph taken at Mile 13.02. 
P2l4-D-24660, December 17, 1960. 

Figure E-7 
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Typical hump in the invert of the unwatered Friant-Kern Canal. 
Project personnel stated that during construction difficulty was 
often encountered with the lining machine at the beginning of a 
day's operation. The machine tended to "ride up" a slight amount, 
but soon settled to grade in a short distance. Shallow pools were 
noted behind these humps, but the depth of water rarely exceeded 
0.1 foot. P2l4-D-2466l, December 17, 1960. 

Figure E-8 
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4. Asphalt mastic material used for filling transverse con
traction grooves extruded as much as one-half inch for about 
one-half' of the wetted perimeter in upper reaches of the canal. 

Traces of actual surface roughness of' the concrete lining 
were obtained at Mile 5.89 together with f'ive plaster casts of 
typical surfaces. A distinct change in concrete lining surface 
texture was noted at the high-water line. Above this line, the 
surface was smooth and had the appearance of' the original finish. 
Below this line, the surface was grainy and aggregate of' various 
sizes was exposed. 

Some cracks in the concrete lining of' this canal have 
been patched with pneumatically applied mortar. The patching seams, 
about 6 inches wide and 3 inches high, are confined mainly to the 
upper 10 miles of' canal. Below Little Dry Creek Siphon (Mile 5.68) 
and just above Fancher Creek Overchute (Mile 19.92) sides of the 
concrete lining were replaced because of extensive cracking. The 
lining in the latter location was replaced by sacked cement, and 
as a result, the surface was considerably rougher than the original 
concrete lining. 

Surveyed invert and top of' concrete lining profiles f'or 
Reaches 1 and 2 were plotted, and it was fO\Uld that maximum devia
tion f'rom the design location was 0.10 f'oot. Based on static pool 
tests, the top of' lining between Mile 7.0 and 25.0 generally varied 
less than 0.1 foot from design grade. However, between Miles 25.0 
and 28.5, the top of lining was below design grade by as much as 
0.3 foot. The variations in this 3.5 mile reach exceeded the 
present specifications requirement for variation in height of con
crete lining. This requirement states that the variation shall 
not exceed 1/2 of 1 percent of the lining height plus 1 inch. For 
the Friant-Kern Canal this amO\Ults to 0.17 f'oot. 

Spot checks on the invert indicated variations from 
design grade similar to those mentioned above for the top of' lining. 

Test discharges for the 1958 and 1962 tests were taken 
from calibration curves prepared for the hollow-jet valves in the 
outlet works at Friant Dam. These curves were based on numerous 
current meter gagings in the canal. Discharges for 1960 tests 
were measured by Price Type A current meters at locations near the 
test reaches. 

No water samples were taken during the tests because the 
water in this portion of canal is clear. It was thought that water 
from Millerton Reservoir might be slightly aggreSSive, since sur
face fines have been eroded from both the Friant-Kern and Madera 
Canals. 
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A few small gravity and pump turnouts exist in the first 
28.5 miles of the canal. Discharges from these turnouts amounted 
to less than 1 percent of test flows. Seepage and evaporation 
losses were assumed to be 0.25 cfs per mile. 

Examinations of the unwatered canal in December 1959 
and December 1960 showed clean concrete lining surfaces on the 
sides. The invert was partially covered by a green "scum" in 
some areas where water was ponded. This scum undoubtedly con
tained some fragments of filamentous algae growth. Two photo
graphs taken from bridges in July 1958, Figure E-9, show 
filamentous algal growth near the water line on the sides of the 
canal before and after copper sulfate treatment. No equipment 
was available to photograph lining surfaces below the water during 
tests to document the extent of algal growth. 

No accumulations of silt or fresh water clams were 
reported in test reaches during the years of the tests. Appreciable 
silt deposits (1 to 6 inches deep) with minute fresh water clam 
populations were, however, reported beyond Mile 85 of this canal. 
Pondweed growth on these silt deposits has also been noted. Small 
forage fish and thread fin shad have created problems by clogging 
outlet valves in pipe distribution systems near the downstream end 
of the canal. 

The filamentous algae, Cladophera, is the most prevalent 
growth in this canal. A species of Oedogeonium often infests the 
canal below Mile 18 from August through October. This species 
grows only where organic detritus from the reservoir has been laid 
down on the substrata. The blue-greens, Anabena and Oscillatoria, 
build up on the substrata of the canal during midseason and per
sist until the canals are dewatered. Diatoms, also algae of the 
genera Pinnularia and NaVicula can be found in the gelatinous 
matrix secreted by the blue-greens. 

Copper sulfate treatment procedures are used to retard 
algal growth in the canal. The 1962 treatments consisted of two 
pounds of copper sulfate crystals for each cfs of water flowing. 
Applications of this chemical were made at the head of the canal 
and at Mile 85.6 by dumping crystals from bags as rapidly as 
possible at locations where the water was most turbulent. 
Treatments were made biweekly, commenCing on March 1 and continu
ing through October. During the 1962 season, 99,600 pounds of 
copper sulfate were introduced at Friant, Mile 0, and 71,560 
pounds at Lindsay, Mile 85.6. Total cost for these treatments 
was $24,000. 
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A. View of filamentous algae on upper portion of concrete lining in 
the Friant-Kern Canal. Photograph was taken from the upstream side 
of the bridge at Mile 0.16 in a portion of canal which is not chemi
cally treated to retard algal growth. Filamentous algae grows on the 
sides of the lining in the first 28 miles of canal during the irriga
tion season. IK-824, July 30, 1958. 

B. View of clean concrete lining taken from downstream side of bridge 
at Mile 0.16 six days after a 2 lb/cfs copper sulfate treatment in 
July 1958. This chemical retards algal growth and is dumped from down
stream side of this bridge as rapidly as possible. During 1962, 100,000 
pounds of copper sulfate crystals were required for the 17 biweekly 
treatments made during the irrigation season. IK-825 , July 30, 1958. 

Figure E-9 
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In July 1958, the effect of a single copper sulfate treat
ment (2 lb/cfs) was documented. Previous treatments earlier in the 
season were not reported. "Before and after tf results in terms of 
Manning's "n" are shown in Table E-2. 

There has been no mechanical scraping of the concrete 
lining of this canal to increase capacity. 

Individual head loss measurements were obtained across 
the following structures: 

Structure 

Little Dry Creek Check and Siphon 
Dry Creek Siphon 
Kings River Siphon 
Two l6-foot timber bridges (Miles 15.23 

and 15.83) 
20-foot timber bridge (Mile 20.17) 
24-foot timber bridge (Mile 14.0) 
30-foot concrete bridge (Mile 28.31) 
Two l6-foot timber bridges and inclusive 

canal reach (Mile 15.23 to 15.83) 
Three bridges, one overchute and inclusive 

canal reach (Mile 19.59 to 20.17) 
Three l6-foot timber bridges, one 30-foot 

concrete bridge and inclusive canal 
reach (Mile 27.38 to 28.46) 

Overchute (Mile 19.92) 

Date 

July and August 1958 
July 1958 
July 1958 
July and August 1958 

and August 1960 
July 1958 
July and August 1958 
August 1958 

July 1958 

July 1958 

July 1958 
July 1958 

Tests numbered 126 through l55A in Figures 20 and 21 were taken from 
data obtained in Reaches 1 and 2. They show flow resistance in sinu
ous Reach 1 to be higher than in straight Reach 2 in all cases. 
Expressed in terms of Manning's "n," the average value of 0.0169 
from Reach 1 is 12 percent higher than the average of 0.0151 for 
Reach 2 after estimated head losses due to bridge piers were sub
tracted. 

Summary and Discussion of Test Results 

Near capacity flow in the first 28.5 miles of this canal 
was characterized by a series of three long M2-type backwater 
curves, each beginning at the inlet of an inverted siphon. Water 
depths increased in an upstream direction from these pOints and 
were greatest just below the outlets of Little Dry Creek and Dry 
Creek Siphons. Water depths which existed in these "tight spots" 
were 8 to 13 percent greater than anticipated in the original 
design. Computed open channel roughness coefficients (Manning's 
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SECTION A-A 

ESTIMATE D QUANTITtES 
ONE BRIDGE 

Lumber 
Concrete 
Reinforcement Steel. 

18,500 fBN, 
....... 9 Cu.Yds 
.600 Lbs. 

NOTES 

Bridge designed for one lane of H-/O loading. 
All remforcement shall be placed so fhatthe centers of 

bars in the outer layer will be Z" from face of concrefe 
unless otherwise shown. 

All dimensions to reinforcement are to 'f of bars or P I. 
of bends. 

All bolts g" ~ unless otherWise shown. 
Malleable Iron washers to be used unless otherwise 

showFl_. 
Stringers, caps and floor planks to be select 

structural Douglas fir 
Railing timbers to be surfaced four sides and 

painted whilt. 
All contact surfaces and ends of fir lumber shall 

6e coafed with vvood preservative. 
Embedded ends of posts to be coated wlfh creosote 

UN/TED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMIl.TIQN 

CENTRAL VALLE Y PROJECT' CALIFORNiA 
FRIANT DIVIS/ON 

~ FRIANT-KERN CANAL,LINED SECTION No.1 

~I IS-FT. TIMBER FARM BRIDGE 

'" 

FIGURE E-IO 

D£NV~ff, COLORADO, JUNe. 9/9,45 



Table E-2 

FRIANT-KERN CANAL 
Manning's "n" Values (Including Pier Losses) For 1958 Capacity Tests 

Manning's n values 
Percent Reach Before Cu S04 Treatment After Cu S04 Treatment (in m11es) change 

From ,To July 22 July 23 Av. July 25 July 28 Av. 
0.24 3·24 0.01t12 0.0186 0.0184 0.0182 0.0180 0.0181 -1.6 
3·24 5·13 0.0176 0.0178 0.0177 0.0173 0.0172 0.0173 -2·3 
5·13 5.49 0.0168 0.0172 0.0170 0.0145 0.0177 0.0161 -5·3 

Little Dry Creek Check and Siphon 
5.69 7·32 0.0182 0.0179 0.01t11 0.0100 0.0184 0.0182 +0.6 
7·32 9·07 0.0182, 0.0186 0.0184 0.0181 0.0177 0.0179 -2.8 
9·07 10.44 0.0177 0.0178 0.0178 0.0178 0.0179 0.0179 +0.6 

10.44 12.25 0.0195 0.0195 0.0195 0.0189 0.0189 0.0189 -3·1 
12.25 13·99 0.0170 0.0172 0.0171 0.0167 0.0164 0.0165 -3.6 

24-Foot Timber Bridp:e 
14.01 14.55 0.0166 0.0173 0.0170 I 0.0168 0.0166 0.0167 -1.8 

Dry Creek Siphon 
14.66 15·22 0.0219 0.0227 0.0223 0.0209 0.0217 0.0213 -5·5 

15.22 15.82 0.0173 0.0171 0.0172 0.0167 0.0167 0.0167 -2.9 

16-Foot Timber Bridge 
15.84 16.60 0.0161 0.0159 0.0160 0.0154 0.0153 0.0154 -3.8 
16.60 18.11 0.0187 0.0185 0.0186 0.0181 0.0184 0.0183 -1.6 
18.11 19·57 0.0161 0.0167 0.0164 0.0153 0.0150 0.0151 -8.3 
19·57 20.16 0.0204 0.0202 0.0203 0.0200 0.0197 0.0198 -2.5 

20-Foot Timber Bridge 
20.18 21.59 0.0194 0.0188 0.0191 0.0190 0.0184 0.0187 -2.1 
21.59 23·57 0.0188 0.0188 0.0188 0.0180 0.0176 0.0178 -5·3 
23·57 24.78 0.0196 0.0198 0.0197 0.0188 0.0190 0.0189 -4.1 

24·78 25·99 0.0187 0.0183 0.0185 0.0178 0.0176 0.0177 -4·9 
25.99 27.37 0.0183 0.0187 0.0185 0.0180 0.0180 0.0180 -2.7 
27·37 28.32 0.0176 0.0181 0.0177 0.0171 0.0170 0.0170 -3.4 

Weighted average 0.0182 0.0184 0.0183 0.0178 0.0177 0.017t1 -3.2 

Reach 
Desoription 

Test Reach 1 

Concrete bridge 
on S curve 

Straight Reach 2 

24-inch-diameter 
submerged pipe 
on Fancher 
Creek O.C. 

Skew bridge below 
curve. Some 
lining movement 

Note: Head loss measurements were made across the bridges shown above. Numerous other bridges were 
present but were not listed in this tabulation. Brief possible explanations for "n" values 
which varied considerably from the average are given in the right hand column. 
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"nil values) which included all losses, ranged from 0.015 to 0.022 
in 1958. Values computed from 1962 test data ranged from 0.015 to 
0.017. (However, reaches from which highest and lowest values were 
computed in 1958 were not included in 1962 test measurements.) 
Average "n" values for Test Reaches 1 and 2 were about 10 percent 
lower in 1962. The chief reason for the reduced flow resistance in 
1962 appeared to be biweekly copper sulfate treatments of 2 pounds per 
cfs which were made during the entire irrigation season to control 
algal growths. Cost of the 32 copper sulfate treatments made between 
March and November of 1962 was $24,000. Treatments were made at 
Miles 0.16 and 85.6. 

The increased flow resistance (above that anticipated in 
original design) which occurred in the open channel portion of the 
canal was caused, at least in part, by aquatic growths on the lining 
surface, structure piers in the flow prism, and pronounced sinUOSity 
in horizontal alinement. Another contributing factor was the erosion 
of surface fines from the surface of the original lining. This 
erosion exposed aggregate around the lower two-thirds of the wetted 
perimeter of the canal section and resulted in a rougher flow boundary. 
Aquatic growths appear to be the major factor which affected resist
ance. The filamentous algae Cladophera was the most prevalent growth 
in the canal, but blue-greens and diatoms were also reported. Silt 
depOSits, pondweed, small forage fish, and fresh water clams were 
found below Mile 85. Copper sulfate is the only chemical which has 
been used extenSively in this canal to control aquatic growths 
through 1962. 

Roughness coefficients computed for sinuous Reach 1 averaged 
about 8 percent higher than for straight Reach 2 before estimated pier 
losses were subtracted and 12 percent after pier losses were deducted. 
The first 14 miles of this canal was one of the more sinuous reaches 
in which measurements were obtained in the current series of tests. 

\ Head losses measured across two inverted siphons were about I 

50 percent of the design allowance. 

Measured head losses across canal structure piers varied 
from 0 to 0.09 foot. These losses, although individually small, were 
sufficient to cause a significant increase in water depth, especially 
in reaches of the canal where several sets of piers were located rela
tively close together. The effect of these small losses on water 
depth can be most accurately predicted by backwater curve computations. 
The computation will show that the individual head loss at each bridge 
is not always additive, i.e., the full loss is not always reflected 
upstream to the next set of piers. Overall effects on channel per
formance depend on pier size, configuration,and spacing along the 
channel. 
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Figures 20 and 21 provide more detailed results concerning 
prototype flow tests made during 1958, 1960, and 1962 in Test Reaches 
1 and 2 of this canal. These figures also show computed values of 
hydraulic properties and design parameters. 
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Section F 

ROZA MAIN CANAL 

Yakima Project, Washington 



nOZA MAIN CANAL 
Yakima Project, Washington 

Water surface profile measurements in two concrete-lined 
reaches of the Roza Main Canal* were obtained on June 20 and 21, 
1962. Figures F-l and F-3 show locations of the test reaches and 
water surface profile measuring stations. Reach 1 was located in 
the 14-foot bottom width canal section designed for 2,200 cfs. 
Reach 2 was located in the 12-foot bottom width 1,300 cfs section. 
Measurements were made on June 20 in Reach 1 when the flow was 
2,125 cfs and on June 21 in Reach 2 when the flow was apprOximately 
1,070 cfs. 

Figures F-2 and F-4 show canal profile and section 
details. Reach 1 was 5,975 feet long and contained 10 horizontal 
curves. For design discharge. a vertical freeboard allowance of 
1.8 feet from water surface to top of concrete lining was provided. 
Reach 2, 13,881 feet long, contained 13 horizontal curves and was 
provided with 1.43 feet of freeboard at design discharge. No in
line canal structures with piers in the flow prism existed within 
the test reaches. Four water surface profile measuring stations, 
A through D, were established in Reach 1, and six stations, E 
through J, were established in Reach 2. Reach 2 contains a 6,275-
foot portion which is virtually straight. 

The 4-inch-thick concrete lining in the test reaches was 
constructed under Specifications No. 675 and 748 and was completed 
in 1937-38. The lining was reinforced with 1/2-inch round bars 
spaced at 12 inches longitudinally and 24 inches transversely. 
Kutter's formula having a roughness coefficient "n" of 0.014 was 
used for the design of this canal. Equivalent Manning's "n" for 
Reach 1 was 0.0145; for Reach 2, 0.0143. Discharges at design 
depth in Reach 1 computed using Manning's "nil of 0.014 is 2,273 
cfs; in Reach 2, 1,327 cfs. 

Concrete lining in both test reaches was placed from rail
mounted slip-forms. Specifications requirements stated that lithe 
concrete lining shall be brought to a uniform surface and worked 
with suitable tools to a smooth steel-trowel finish. It Considerable 
steel troweling by hand from jumbos which followed the slip-form 
was required to meet this requirement. Transverse contraction 
grooves in the lining were placed at approximate l2-foot intervals, 

*This canal was originally called the Yakima Ridge Canal but was 
renamed soon after construction. 
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but no longitudinal grooves were provided in either test reach. 
No joint filler was evident in the transverse grooves at the time 
of tests. No fillet was placed at the intersection point of the 
side and bottom of the section in Reach 1. A circular fillet was 
provided at the toe of the slope in Reach 2. 

The 2,200-cfs section of this canal is usually operated 
year-around but was drained briefly on March 13, 1962. At this 
time, the lining in Reach 1 was inspected and photographed. (See 
Figure F-5) 

A few small deposits of rocks were noted and a slight 
algal growth had formed a thin skin on the invert. The lining on 
the side slopes was covered with a thin layer of clay to the maxi
mum operating water surface of the past season. No slab displace
ment was noted, but some longitudinal cracking had occurred on the 
invert. 

The 1,300-cfs section, Reach 2, is unwatered at the end 
of the irrigation season, and the condition of the lining was 
documented in March 1962. The lining appeared to be in excellent 
condition. A few small rock deposits were noted and longitudinal 
cracking had occurred at random locations on the inverts. Surface 
drainage from an alkali soil area near Station J had apparently 
caused local concrete lining surface deterioration. 

Operating personnel were questioned regarding algal 
growth in this canal. They stated that a "moss n up to 1-1/2 inches 
in length grows on the lined section during the warmer parts of the 
operating season and reduces the capaCity of the 2,200-cfs section. 
No chemical treatments have been used to retard the growth in this 
section because the cost-benefit ratio is considered too high. 
Copper sulfate and aromatic solvents have been used on smaller 
laterals in the area. 

Water in this canal is slightly turbid, but there was 
insufficient sediment in the water to change the appearance from 
the typical bluish-green color of clear water to the brown exhib
ited by streams carrying a great deal of silt. 

Test Preparations and Measurements 

Surveyed canal profile data are plotted in Figures F-2 
and F-4. In Reach 1, 22 of 24 surveyed points were above deSign 
grade and 2 were below. Average deviation from grade was 0.09 foot 
and maximum deviation was 0.21 foot. Survey datum for this reach 
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A. View toward Point A of 2,200 cfs Reach 1 during unwatered period 
prior to tests. Note that this reinforced concrete lining contained 
no longitudinal contraction grooves. P33-D-328ll, March 1962. 

B. Closeup of 24-year old concrete lining surface at Point E of 1,300 
cfs Reach 2. Dark material was reported to be original curing compound 
above the waterline and stain below the waterline. P33-D-32828, 
March 1962. 

Figure F-5 
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was based on as-built elevations. Surveys were carried from a 
brass marker (elevation 1203.43) located on the headwall of the 
outlet transition of a highway culvert just upstream from 
Station 418+66. The invert in Reach 2 was closer to design grade. 
There, 37 of 49 surveyed points were above grade and 12 were 
below. Average deviation was 0.05 foot; maximum was 0.15 foot. 
Survey datum for this reach was based on as-built elevations. 
Surveys were carried from a brass marker (elevation 1173.13) 
located on a turnout structure just upstream from Station 1155+80. 
Surveyed cross sections at the ten water surface measuring points 
were plotted and the measured areas were found to be within 1 
percent of the design section. 

Steady flow conditions for test measurements were 
established by holding constant releases from Roza Diversion Dam 
at the head end of the canal. Canal discharge was controlled by 
one of the 110-foot drum gates at the dam. This gate was placed 
on automatic controls which were adjusted to compensate for a 
6-inch change in reservoir water surface elevation. 

Discharge measurements were made concurrently with 
water surface profile measurements at Station B in Reach 1 and 
Station G in Reach 2, Figure F-6. Price Type A current meters 
were used for gaging,and velocities at 0.2 and 0.8 depths were 
obtained. Canal inflow through drains and outflow through turn
outs was less than 1 percent of test flows in each reach. Wave 
action for the 7.l-fps velocity in Reach 1 and the 5.9 fps 
velocity in Reach 2 was reported to be minor and did not hamper 
test measurements. 

Water stage recorders were located at Station B in 
Reach 1 and Station H in Reach 2. Charts from these recorders 
indicated a very slight fluctuation of canal stage with diurnal 
changes in river flow at Roza Dam. Although a great deal of care 
was exercised to maintain steady flow, drum gate movement at Roza 
Dam allowed a 0.05-foot change in canal stage in a l2-hour period. 
Since test measurements required approximately 3 hours in each 
reach, the change in stage was not significant. 

Water surface gages (Figure 4) developed by the 
Hydraulics Branch, which utilize the pitot-tube and hook gage 
stilling well principle, were used to obtain water surface eleva
tions. Figure F-7 shows crews using these gages. At least five 
readings of water surface elevation were obtained on each side 
of the canal at each station. 



A. View of current meter discharge measurement location in 2,200 
efs-Reach 10 Discharge measurements were made from bridge located 
just below water surface profile measuring Point B at Station 435+40. 
P33-D-33883, June 20, 1962. 

B. View of cur~nt meter discharge measurement location in 1,300 cfs
Reach 2. The temporary bridge is located at Point G. Station 
1221+55.8. P33-D-33880, June 1962. 

FigureF-6 



A. View of flow condition at end of Reach 1; transition to earth 
section is shown in background. Flow was 2,125 cfs in section 
designed for 2, 200 cfa. P33-D-33895, June 1962. 

B. View looking downstream at Point J showing crews making water 
surface profile measurements. P-33-D-33924, June 1962. 

Figure F-7 
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Table F-l 

Reach 1 

L = 5,975 feet; T = Top width of design water surface = 42.0 feet 

Water 
surface Deflection Curve Rl/ 

measuring Curve angle Radius Rl Curvature T 
point No. 6,0 (feet) index 

A 
1 21 287 6.8 0.48 
2 121 287 6.8 

B 
3 131 498 11.9 0·58 
4 145 229 5·5 

C 
5 44 358 8.5 
6 79 143 3·4 
7 40 318 7.6 
8 93 143 3.4 0.78 
9 49 382 9·1 

10 22 382 9·1 

D 

Average values 75 303 7·2 0.62 

E ~~ = 145 8.9 curves per mile Total length 

Reach 
length 
( feet) 

1,485 

2,390 

2,100 

5,975 feet 
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Table F-2 

Reach 2 

L :I 13,881 feet; T = Top width of design water surface = 34.7 feet 

Water 
surface Deflection Curve Rl 

measuring Curve angle Radius Rl IT Curvature 
point No. !}.O (feet) index 

E 
1 23 1,910 55·0 0.03 

F 
2 16 2,865 82.5 0.03 

G 
3 30 637 18.3 0.12 
4 19 478 13.8 

H 
5 81 143 4.1 
6 78 229 6.6 
7 46 409 11.8 0.62 
8 20 573 16.5 
9 132 287 8.3 

10 58 358 10·3 

I 
11 43 287 8·3 
12 39 1,433 41.3 0·35 
13 67 347 10.0 

J 

Average values 50 766 22.1 0.23 
~!}. :I 652 5 curve s pe r mile J Total length 

Reach 
length 
(feet) 

3,594 

2,681 

2,084 

3,369 

2,153 

:I 13,881 feet 



Analyses of Test Data 

Figures F-2 and F-4 show the measured water surface pro
files. The slope of the water surface in each test reach was very 
close to that of the design invert. However, the slope does 
appear to be slightly steeper in the more sinuous segments. A 
short M2 backwater curve is evident at the end of Reach 1 just 
above the transition to an earth section. Water depth changed 
less than 0.2 foot (2.5 percent) in the test reaches. 

Horizontal alinement curves in the test reaches are 
listed in Tables F-1 and F-2. 

Summary and Discussion of Test Results 

Computed values of Manning's "nil for the two test reaches 
are shown in Figures F-2, F-4, and F-8 and results are summarized 
below: 

Reach 1, 14-foot bottom width, "n" varied from 0.0136 to 
0.0148. Weighted average of three sinuous segments = 0.0143 

Reach 2, 12-foot bottom width, "n" varied from 0.0131 to 0.0153. 
Weighted average of two straight segments = 0.0133 
Weighted average of three sinuous segments = 0.0148 
Weighted average of all five segments = 0.0141 

Figure 22 shows detailed information concerning prototype flow 
tests made during Jtme 1962 in this canal. This figure shows com
puted values of hydraulic properties and design parameters. 

This summary shows Manning's lint! values to be within 9 
percent of the "nil of 0.014 used in Kutter's formula for the 
original design. The apparent reason for the slightly higher 
resistance in Reach 1 and in the last half of Reach 2 is the fact 
that these sections are more sinuous. Figure F-8 indicates a 
general increase of IInll values as curvature index increases. 

The portions of this canal utilized for tests were not 
chemically treated to retard aquatic growths at any time prior to 
the tests. No appreciable amount of aquatic growths was evident 
during the tests. 
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MADERA CANAL 
Central Valley Project, California 

Water surface profile measurements in the first 8 miles 
of Madera Canal were made in 1959, 1960, and 1962. Figure G-l 
shows the location of the canal and the three test reaches which 
are documented in this Technical Memorandum. This portion of the 
canal was lined with concrete placed from a traveling rail-
mounted slip-form. Bids for construction were opened on December 21, 
1939, and work was completed in 1942 during World War II. Original 
deSign drawings in Specifications No. 886 called for a reinforced 
concrete lining, but some reaches were unreinforced due to wartime 
steel shortages. Specifications reqUirements stated that "the 
canal lining shall be finished so as to eliminate all irregularities 
and produce a smooth surface equivalent to the finish obtained by 
the effective use of a long-handled steel trowel when applied to a 
horizontal surface. II Conversations with personnel present during 
construction have indicated that a considerable amount of hand 
troweling was done to meet this requirement. Transverse contrac
tion grooves were located at approximate l2-foot intervale along 
the canal centerline. No mastic filler was evident in these grooves 
in 1960. 

Figure G-2 shows canal profile and section details. Test 
data were obtained from the 10-foot bottom width 1,000-cfs section 
and the 8-foot bottom width 823-cfs section at approximate full and 
half capacity flows. Figure G-3 is an aerial photo of the concrete
lined portion of this canal which shows its sinuosity. Reach 1, 
8,052 feet long, was the most sinuous test reach with a curvature 
index of 0.35. Reach 2, 3,649-feet long, was moderately sinuous 
with a curvature index of 0.12; and Reach 3, 5,137-feet long, was 
virtually straight with a curvature index of 0.02. 

Kutter's formula with a roughness coefficient "n" of 0.014 
was used for the design of the canal. Equivalent Manning's "n" for 
the 1,000-cfs section is 0.0142 and for the 823-cfs section, 0.014l. 
Discharges at deSign depths in the respective sections computed 
with Manning's formula and "n" .. 0.014 are 1,017 cfs and 831 cfs. 
Vertical freeboard allowance from deSign water surface to the top 
of the concrete lining was 1.0 foot for both sections. 

In-line structures in the first 6.1 miles of canal were 
deSigned for 1,500 cfs in anticipation of future demands, but con
crete lining height was based on 1,000 cfs. Below Mile 6.1 future 
discharge was 1,325 cfs, but lining freeboard was based on 823 cfs. 
Considerable drawdown of the water surface existed at siphon inlets 
due to the extra head loss allowed for these structures. 
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MADERA CANAL--CENTRAL VALLEY PROJECT, CALIFORNIA 

Reaches Utilized for 1959-62 Capacity Tests 

FIGURE G-3 



Check structures were present at the downstream ends of 
the first two test reaches. No other in-line structures with piers 
in the flow prism were present in the length of canal utilized for 
tests. Water surface profile measuring stations, A through F, were 
located at the ends of these reaches as shown in Figure G-l. This 
arrangement allowed an overall evaluation of head loss. No attempt 
was made to isolate individual horizontal curve losses 

The operating period for the canal generally extends from 
March through October, and it is unwatered at the end of each irri
gation season. Therefore, it was possible to obtain invert survey 
data and to examine the condition of the l7-year old lining sur
faces in detail. At the time of the tests, surface fines had been 
eroded from the lower two-thirds of the section, as shown in 
Figure G-4. Aggregate was exposed and erosion of up to 1 inch was 
noted on siphon inlet transitions. Cracking has occurred at 
various locations along the concrete lining. Field maintenance 
personnel have covered most of the cracks with pneumatically placed 
mortar mounds to prevent leakage. The 22 mounds in the first 2 
reaches average 9 inches wide, 3 inches high, and 140 feet long, 
and contributed to surface roughness characteristics. 

An experimental asphalt lining, 500 feet long, had been 
applied in the first reach, but approximately one-half of this 
surfacing had peeled off at the time of the tests. Surveyors 
stated that test reaches contained no other unusual humps or depres
sions attributable to bulging or caving-in of the lining. Seven
foot-long traces of typical lining roughness were obtained at three 
locations in test reaches. 

Figure G-4 shows dried filamentous algae on the invert. 
Operating personnel state that this type of algae grows extenSively 
on the lining surface and is the greatest single factor in reducing 
the canal efficiency. The canal is treated periodically with 
copper sulfate to reduce algal growth. "Before and after" tests 
were obtained to document effectiveness of these treatments. Water 
surface profiles obtained on July 27, 1959, and August 2, 1960, 
immediately preceded treatments of the following amounts: 

July 27, 1959, Q = 985 cfs, 1 pound copper sulfate per cfs 
in 1 hour 

August 2, 1960, Q = 970 cfs, 2 pounds copper sulfate per cfs 
applied as rapidly as possible 

Water surface profiles measured on July 8, 9, 28, and 31, 1959, 
August 3 and 4, 1960, were made after the copper sulfate treatments. 
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Looking upstream from entrance of siphon at Mile 3.10, Madera 
Canal. Note the deposits of dried algae on the bottom of the canal 
and the erosion of surface fines from the concrete lining. The 
wavy high-water mark is not caused by misalinement of the lining, 
but results from a rough water surface caused by the approximate 
5.0 fps velocity. P2l4-D-24662, December 18, 1960. 

Figure G-4 
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Project personnel stated that the 823-cfs canal section 
appears to be more sensitive to algal growth then the 1,OOO-cfs 
section and that flow resistance has been noted to vary with light 
and water temperature. Water surface recorder charts for steady 
discharge conditions have shown fairly constant depths during the 
period from 8 p.m. to 4 a.m., a slight reduction in depth from 
4 a.m. to 8 a.m., and an increase in depth from 8 a.m. to 8 p.m. 

Examination of 1962 operating records from Mile 0.9 of 
this canal revealed that a highly effective copper sulfate treat
ment procedure was evolved. The treatment consisted of biweekly 
treatments (2 pounds of copper sulfate crystals per cfs) applied 
in the stilling basin below Friant Dam at the head end of the 
canal. During 1962, treatments were started on April 9 and con
tinued until August 30. Discharges greater than the 1,OOO-cfs 
design capacity were conveyed in the first 6 miles of canal with
out overtopping the lining during the peak delivery period between 
June 15 and August 15. Peak discharge was 1,140-cfs, 11 percent 
above deSign capacity, on July 11. Figure G-5 shows flow condi
tions in the canal at a discharge of 975 cfs. 

Description of Tests 

Steady flow conditions were established by holding con
stant releases from Millerton Lake above Friant Dam at the head 
end of the canal. Discharges in the 1,OOO-cfs section for the 
1959 tests were obtained from the rating curves which had been 
prepared for the needle valves in the outlet works at Friant Dam. 
The rating curves were checked by numerous current meter gagings 
at Mile 1.1 in the canal. Discharges for the 1960 and 1962 tests 
were measured from the farm bridges at Miles 4.57 or 5.68. 
Discharge for the 823-cfs section was obtained by subtracting the 
flow diverted through the Parshall flume at Mile 6.1 from the flow 
in the 1,OOO-cfs section. Seepage and evaporation losses were 
estimated to be less than 2 cfs for the test reach lengths. As 
no turnouts exist within the test reaches, no water was diverted 
therefrom. 

Sediment has never been a problem in this portion of 
canal, as the water from Millerton Reservoir is relatively clear. 
Therefore, sediment concentrations in the water were not measured. 

Prints of water surface recorder charts were not sub
mitted with test data. Operating personnel stated that the change 
in head on the Friant Dam outlet valves was very small during test 
periods and that no significant change in canal stage occurred. 
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View of curved reach of 1,000 cfs Madera Canal upstream from 
check structure at Mile 5.37. Flow was 975 cfs and freeboard was 
close to the 1.0 foot allowed in the original design. 
P214-D-22l33, July 1960. 

Figure G-5 
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Wind velocities and directions were not recorded and were not con
sidered to be a significant element of flow resistance. 

Water surface elevations were obtained from slope 
measurements made with a steel tape from bench marks on the top 
of the concrete lining. The steel tape was placed in a stilling 
can to damp wave action for the 1959 and 1960 tests. Water sur
face elevations were measured on one side of the canal in 1959 
and on both sides in 1960 and 1962. 

Measuring Stations Band C were located on horizontal 
curves. The maximum tilt in the water surface obtained from test 
data appeared to be 0.15 foot at Point B. Theoretical water sur
face rise based on the channel geometry at this curve is 0.09 
foot. For 1960 and 1962 tests, an average of the water surface 
elevations obtained on both banks was used for analysis of data. 
Water surface elevations obtained in 1959 at Point B on the left 
bank only were corrected for tilt based on the average measured 
tilt observed during the 1960 and 1962 tests. 

A lOO-foot length of canal lining on the outside of the 
curve just upstream of Point A has been raised 12 inches. This 
lining extension is located at the end of a tight curve which 
occurs at the end of a siphon transition. (Curve 6. .. 41°, 
radius - 120 feet.) 

Bench mark elevations at the water surface profile 
measuring stations were established by a 1961 survey and were 
based on an assumed datum of 100.00 for a bench mark at Mile 3.85. 
Invert elevations at 300-foot intervals along the canal centerline 
were also obtained during this survey. These values are plotted 
with respect to the deSign slope in Figure G-2. The following 
comment was made by surveyors concerning these invert elevations: 
"Although invert elevations can be considered accurate, it cannot 
be said that the elevation varies uniformly between them. By 
taking several shots at different points on the invert, it was 
found that many panels varied 0.03 to 0.04 foot within themselves 
with perhaps a maximum of 0.08 foot between adjacent panels." In 
general, Figure G-2 shows plots to be within 0.10 foot of the 
design slope. Points in the 8-foot bottom width Reach 3 showed 
less variance from the design slope than those in the 10-foot 
bottom width reaches. 
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Analyses of Test Data 

Backwater effects in the three test reaches were minor. 
The most pronounced effect occurred in Reach 2 for the runs of 
July 8, 1959 and May 8, 1962. This phenomenon was expected for 
low flows since the canal invert rises 1.4 feet through the check 
structure at the downstream end of the reach. Generally, changes 
in depth in reaches amounted to less than 0.20 foot which was less 
than 3 percent of total depth. 

Figures 23 and 24 show summaries of test data for this 
canal. Figure G-6 shows plots of Manning's "n" values against 
curvature index. The average of "n" values computed for Reach 1 
was slightly lower than for Reach 2, although there were consider
ably more curves in Reach 1. Reach 3, which was the straightest, 
had "n" values about 6 percent lower than either of the first two 
reaches. Horizontal alinement curves in the three reaches are 
described in Table G-l. 

Summary and Discussion of Test Results 

The first 6-mile section of the concrete-lined Madera 
Canal has conveyed up to 10 percent more than design capacity 
within the concrete lining during peak delivery periods. This was 
accomplished when the lining was relatively free of algal growth 
wi th some encroachment on deSign freeboard. Biweekly chemical 
treatments (2 pounds of copper sulfate per cfs) during 1962 
enabled delivery of design flow or greater between June 15 and 
August 15. Cost for these chemical treatments in 1962 was approxi
mately $650. Records for 1958 and 1959 show that flows in Reaches 
1 and 2 were 5 percent above the design value during peak delivery 
months of June, July, and August. The canal was dosed with copper 
sulfate six times during each of these years. A flow 15 percent 
above the design value was carried in Reach 3 during the 1959 
tests with 0.5 foot of freeboard. 

Computed Manning's "n" values for nine tests in each of 
the three test reaches are plotted in Figure G-6 and are summa
rized in Table G-2. 

This summary shows a slight reduction in "n" after 
biweekly chemical treatments. Project records from the gaging 
station at Mile 0.9 indicate improvements of 2 to 4 percent in 
canal "efficiency" after biweekly copper sulfate treatments during 
peak delivery periods. 
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w.s. 

Table G-1 

Reach 1 

L = 8,052 f'eet 

Def'lection 

T = 32.5 f'eet 
Curve 
radius 

measuring Curve angle R1 
R1; 

T CUrvature 
point number 6° 

A 
1 19 
2 18 
3 18 
4 18 
5 21 
6 31 
7 10 
8 25 
9 50 

10 41 
11 77 
12 85 
13 29 
14 51 
15 29 
16 27 
17 21 

B* 
Average values 34 

Z6 = 570 

Reach 2 

C** 
18 37 
19 31 
20 21 

D 

Average values 30 

Z6 = 89° 

Reach 3 

E 
21 15 
22 7 

F 
Average values 11 

1:6 = 22° 

index 

200 6.2 
200 6.2 
160 4.9 
160 4.9 
300 9·2 
140 4.3 
300 9.2 
200 6.2 0.35 
200 6.2 
200 6.2 
120 3·7 
120 3·7 
300 9·2 
300 9.2 
200 6.2 
200 6.2 
200 6.2 

206 6.3 
An average of' 11.1 curves 

per mile 

200 6.2 
300 9·2 0.12 
300 9.2 

267 8.2 
An average of' 4.3 curves 

per mile 

300 11.7 0.02 300 11.7 

300 11.7 
An avera~e of' 2 curves 

per mi e . * Po~nt B was located on Curve No. 17 
** Point C was located on Curve No. 18 
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Table G-2 

8,052-foot Sinuous Reach 1 

Before copper sulfate treatment 
(3 test runs) 

0.0146 to 0.0151 Variation 
Average 

After copper sulfate treatment 
(6 test runs) 

0.0145 to 0.0148 

3,649-foot Moderately Sinuous Reach 2 

0.0144 to 0.0155 Variation 0.0144 to 0.0152 
0.0149 0.0150 Average 

5,137-foot Reach 3 (Nearly straight) 

0.0136 to 0.0147 Variation 0.0128 to 0.0144 
0.0142 Average 0.0138 
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Weighted average "nil for all tests in the 10-foot bottom 
width sections Reaches 1 and 2 was 0.0148. For the 8-foot bottom 
width section (Reach 3) the weighted average "n" was 0.0139. 
Apparent reasons for this variation are: 

1. Reach 3 was straighter than Reaches 1 and 2. 

2. Algal growth was believed to be more severe in the upper 
end of the canal near the water supply source. 

3. Erosion of surface fines and exposure of aggregate on the 
lower two-thirds of the canal lining wetted perimeter has left 
a "grainy" surface considerably rougher than the original finish. 

4. Intermi ttent pneumatically placed mortar seams had been 
applied over lining cracks in Reaches 1 and 2. These 3-inch
high patches created additional surface roughness and increased 
flow resistance. 

Figures 23 and 24 provide more detailed information con
cerning flow tests made during 1959, 1960, and 1962 in the canal. 
These figures also show computed values of hydraulic properties and 
deSign parameters. 
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Section H 

GATEWAY CANAL 

Weber Basin Project, Utah 



GATEWAY CANAL 
Weber Basin Project, Utah 

Water surface profile measurements in the concrete-lined 
Gateway Canal were obtained on April 26, 1962, at near design flows. 
Figure H-l shows locations of the test reaches and the water sur
face profile measuring stations. Figures H-2 and H-3 show canal 
profile and section details in the test reaches. 

A 9,446-foot moderately sinuous length, Reach 1, and a 
4,262-foot moderately sinuous length, Reach 2, were selected as 
typical locations for comprehensive test measurements. Eleven 
water surface measuring stations, designated alphabetically A 
through J were established in Reach 1, and five stations, K through 
N, were located in Reach 2. Reach 1 contained three check struc
tures of the type shown in Figure H-4 and one 132-inch-diameter 
in-line siphon across which head-loss measurements were obtained. 
No other in-line structures with piers in the flow prism existed 
in the test reaches. 

The concrete lining for this canal was built in 1955 
under Specifications No. Dc-4207. The 4-inch-thick concrete lining 
was generally unreinforced and was placed by a rail-mounted slip
form. It was given a steel-troweled finish by finishers working 
from a jumbo which followed the lining machine. Transverse con
traction grooves were spaced at 16-foot intervals and filled with 
asphalt mastic. One longitudinal contraction groove on each side 
of the concrete lining was called for in the specifications, but 
these grooves are not evident in Figure H-5. Considerable crack
ing of the sides had occurred, as evidenced by this figure. Cracks 
have been repaired with asphalt mastic. 

Design flow in this canal is 700 cfs. Vertical freeboard 
allowance from design water surface to top of concrete lining was 
1.43 feet. Kutter's formula with an "nil of 0.014 was used for the 
design of this canal; no additional head losses were allowed for 
canal curvature or check structures. Equivalent Manning's 'fn" for 
the design section is 0.0141. 

As the canal delivers municipal and industrial water the 
year around, it was not completely unwatered prior to the tests. 
However, water was lowered to an approximate 15-inch depth in 
November 1961, and an inspection of the lining was made at that 
time. It was found that a large percentage of the concrete lining 
surface below the waterline was covered with a sediment-laden 
depOSit, as shown in Figure H-5. This deposit was crust-like when 
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LOCA TION OF 5 TRUCTURES 

STATION '/1 ' ELEVATION "A" 
57 + 00 4959 . 74 

93 + 00 4958 17 

124+ 00 4956 .63 
1651- 00 4955 16 

210+ 00 4953 .59 

243+ 50 4951 .83 

293t 50 4950 .08 
320+-00 4948 .33 

341+ 50 4946 .91 

39Ot50 4945 .40 
409+ 58.4 4943 .84 

ESTIMATED QUANTITIES 
(One structure) 

Cancrete _____________________________ 39 cu. Yds 
Rein farcemenf s teel _________ , _________ 4100 Lb s. 
Misc. mefat _______________________ 1000Lbs. 

NOTES 

For general notes, see Owg. 526-0-164 

UNITED STATES 

DEPARTMENT OF THE INTERIOff 

BUREAU OF ffECLAMATION 

WEB£R BASIN PROJECT - UTAH 

GATE WAY CANAL 
CHECK STR UCTURES 

FIGURE H-4 
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A. upstream view from farm bridge at Station 134+55 to illustrate 
old and recent applications of asphalt compound over cracks in the 
canal lining. P526-D-31274, November 1961. 

B. Dry crust-like deposit on right side slope of canal lining upstream 
from Check No. 4 at Station 165+00. P526-D-31279, November 1961. 

Figure H-5 
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dry and tenaciously bonded to the concrete. Two other types of 
clay-like coatings were noted on the surface of the lining at 
various other locations. The latter coatings were not bonded as 
tightly to the lining but tended to mask the original surface of 
the concrete. 

As very little "moss lf growth had occurred in the canal 
in the 2 years prior to the 1962 test, no chemical treatments were 
made to retard such growths. Project development downstream from 
the canal was not sufficient in 1962 to require a sustained deSign 
flow, and no capacity problems had been encountered. 

Water for the Gateway Canal is diverted directly from the 
Weber River through the Stoddard Diversion Dam. As maximum river 
flow occurs during the spring runoff period, the full capacity test 
was scheduled at that time. Only a portion of the 724-cfs test 
flow was required by downstream water users; the remaining flow was 
returned to the river through the Gateway Powerplant and/or the 
wasteway chute at the end of the canal. 

Test Preparations and Measurements 

Plans were made to establish steady flow conditions by 
holding a constant diversion through the canal control gates at 
Stoddard Diversion Dam. During a trial run on April 25, 1962, 
water stage recorders at Station 129+60 and Station 285+20 showed 
considerable fluctuations in canal water surfaces owing to accu
mulations of trash on the louvers of the fish deflecting structure 
upstream from the canal control gates. For the April 26 test, 
three men were required to clean the fish deflector structure, and 
one man adjusted the control gates continually during the measure
ments. This procedure stabilized the canal discharge so that a 
maximum stage change of only 0.05 foot was recorded during the 
period required for measurements. 

Discharge measurements were made with a Price Type A 
current meter from a bridge in each test reach, and the multiple 
current meter equipment was used on the bridge at Station 134+55, 
Figure H-6. A slight breeze which varied in direction occurred 
during the tests. Water was turbid because of the spring runoff 
condition, but no sediment samples were obtained. 

Water surface elevations were measured on both sides of 
the canal using the differential manometer gages shown in Figure 
H-7. Figure H-8 shows flow conditions at the downstream end of 
the canal, where little or no freeboard existed. Water depths 
decreased in an upstream direction, and 1.3 feet of freeboard 
existed at Point A during the April 26 test run. 
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A. Multiple current meter equipment viewed from right side of canal 
at farm bridge at Station 134+55. P-526-D-32782, April 25, 1962. 

B. Multiple current meter equipment viewed from left side of canal 
at farm bridge at Station 134+55. P-526-D-32783, April 25, 1962. 

Figure H-6 
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A. Entrance to Siphon No. 3 from CheCK No.5. Discharge is 720 cfe. 
P-526-D-32790, April 25, 1962. 

B. Water surface manometer at Station I upstream from Check No. 5 
and Siphon No.3. Looking downstream. P-526-D-32791, April 25, 1962. 

Figure H-7 
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A. Looking upstream from trifurcation structure at downstream end 
of canal. Discharge is 720 cfs. P-526-D-32802, April 25, 1962. 

B. Discharge of 720 efs at junction of "old" and "new" lining 
upstream from Siphon No.7. P-526-D-32803, April 25, 1962. 

Figure H-8 
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Invert survey data were obtained in November 1962 
following the tests and are shown in Figures H-2 and H-3. Plots 
of surveyed cross sections were made for the 16 measuring stations, 
and it was found that areas were wi thin plus or minus 1 percent of 
the design section. 

Analyses of Test Data 

Figures H-2 and H-3 show test reaches, plots of water 
surface profiles, and computed Manning's "nit values. Figure 25 
shows summaries of test data. Overall reaches have been broken 
down between individual stations in an effort to show increased 
resistance caused by horizontal curvature in canal alinement. 

Horizontal curves in canal alinement are described in 
Tables H-l and H-2. 

Test discharges were computed using the 0.2 and 0.8 
depth method from velocity traverses made with Price Type A cur
rent meters. The traverses were made from bridges at Stations 
208t94 and 266+26. Two traverses were made with the multiple 
current meters from the bridge at Station 134+55. Results are 
shown below: 

Multiple meter - Q ., 723 cfs 
738 cfs 

Price Type A meter - 717 cfs 
m cfs 

Average value 724 cfs 

Figure H-9 is a plot of Manning's "n" against curvature 
index. The lowest computed "n" value (0.0129) was found for the 
353-foot straight Reach Bl C. Other values for "n" from reaches 
with curves varied between 0.0132 and 0.0152. Although there 
appears to be an increase of "n" with curvature, no definite trend 
line is discernible from the plots in Figure H-9. The average 
value for the 11 segments shown in Figure 25 and H-9 was 0.0140. 

Using an average "n" of 0.0140 for computing the canal 
friction the head losses across Check Structures No. 3 and 4 
averaged 0.06 foot. This value is 16 percent of the velocity 
head in the unobstructed canal section. 

Between Points I and J are located 370 feet of canal, 
the l7-foot-long Check Structure No.5, and a 424-foot-long, 
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Water Deflection 
surface Curve angle 

measuring No. 6· 
point 

B 
1 36 

Bl 
Straight 

C 
2 21 
3 19 

D 
4 61 
5 59 

E 

Average values 
for Reach BE 39 

Reach BE 1:6- 1960 

F 
6 32 
7 16 
8 10 

G 

9 31 
10 52 
11 17 

H 
12 16 
13 23 

I 
Average values 

for Reach FI 25 

Reach IF E6· '" 1970 

J* 
14 18 
15 29 
16 13 
17 16 
18 18 
19 24 
20 28 

K 

Average values 
for Reach JK 21 

r.6. •. 146· 

*Point J located on curve. 

Table H-l 
Reach 1 

T • 30.7 feet 

Curve 
radius Rlj 

Rl T 
(feet) 

200 6.5 

700 23·0 
500 16.0 

150 4·9 
125 4.1 

335 10·9 

Curvature 
index 

0.24 

0.12 

0·52 

0.25 

An average of 6.8 curves per mile 

500 16.0 
500 16.0 0.20 

1,000 33·0 

150 4.9 
150 4.9 0·30 
500 16.0 

300 9.8 0.18 
300 9·8 

425 13.8 0.24 

An average of 10.1 curves per mile 

500 16.3 
300 9·8 
400 13·0 
600 19·5 0.24 
500 16.3 
200 6.5 
600 19·5 

443 14.4 

An average of 11.9 curves per mile 
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Reach Average "n" 
length for 720-cfs 
(feet) test 

747 0.0146 

353 0.0129 

1,639 0.0136 

1,150 0.0139 

3,889 0.0138 

1,433 0.0147 

1,645 0.0146 

1,091 0.0134 

4,169 0.0142 

3,107 0.0132 



Water 
surface Curve Deflection 

measuring No. angle 
point 6,0 

K 
21 55 
22 63 

K1 
23 53 

~ 
24 25 
25 14 
26 13 
27 43 

M 
28 57 

N 

Average values for 
4,262-foot Reach KN = 40 

Reach KN E6,° ,. 3230 

Curve 
radius 

R1 
(feet) 

200 
307 

300 
300 
300 
500 
500 

400 

351 

Table H-2 
Reach 2 

R1j 
T 

6.5 
10.0 

9.8 
9.8 
9·8 

16.3 
16.3 

13·0 

11.4 

Curvature Reach 
index length 

(feet) 

0.78 760 

0.26 2,879 

0.46 623 

0·38 4,262 

An average of 9.9 curves per mile. 

Ave rage nn II 
for 720-cfs 

test 

0.0136 

0.0141 

0.0152 

0.0143 



132-inch-diameter precast concrete pipe in-line inverted siphon. 
(The 424-foot length includes siphon inlet and outlet transitions.) 
The measured difference in energy gradient in this reach was 0.96 
foot. Design head loss allowed for the reach was 0.87 foot. 

Summary and Discussion of Test Results 

The April 26, 1962, 724-cfs flow test in the Gateway 
Canal demonstrated that design discharge could be carried safely. 
Water in this 700-cfs canal was level with or slightly above the 
top of the concrete lining at the downstream end, but normal free
board existed at the upstream end. No aquatic growth was reported 
on the lining surfaces during this test and no chemical treatments 
were made to retard growths prior to this test. 

Computed Manning' s lin" values from 11 segments of the 
Canal are shown in Figure H-9. These values ranged from 0.0129 
for a straight length to 0.0152 for a length with curves. Average 
value for the 11 segments was 0.0140. Computed values for all 
segments were within 9 percent of this value. 

Head losses computed from measurements across two check 
structures average 0.06 foot. 

The head loss computed from measurements across a 424-
foot-long,132-inch-diameter, precast concrete pipe in-line inverted 
siphon with transitions was 0.79 foot for the test flow of 724 cfs 
compared to a design allowance of 0.73 foot for a flow of 701 cfs. 
An escape structure, conSisting of concrete steps in front of the 
inlet headwall, might account for the small excess head loss in 
this siphon. 

Figure 25 presents more detailed information concerning 
prototype flow tests made during 1962 in the canal. This figure 
also shows computed values of hydraulic properties and design 
parameters. 
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Section I 

CHARLES HANSEN CANAL 

Colorado-Big Thompson Project, Colorado 



CHARLES HANSEN CANAL· 
Colorado-Big Thompson Project, Colorado 

Two concrete-lined reaches of the Charles Hansen Canal 
were chosen for prototype tests to provide hydraulic performance 
data from a very sinuous, relatively steep-slope canaL Design 
velocity for this canal was 9.98 feet per second for a flow of 
1,500 cfs. The invert slope of 0.0013 was the steepest utilized 
during the current test program. 

Figure 1-1 shows the location of the canal and the two 
test reaches. Water surface profiles were documented at flows of 
800 cfs and 1,290 cfs on July 31 and August 1, 1962, respectively. 
A preliminary test of the measurement procedures was held on 
July 30, 1962, to acquaint crews with equipment. 

As the canal and in-line structures were deSigned for a 
flow of 1,500 cfs, an M2 backwater curve existed at siphon inlets 
during the tests. No check structures were built in this canal as 
only a few small turnouts exist. However, the Northern Colorado 
Water Conservancy District (NCWCD) which now operates the canal 
has installed triangular dams on the canal invert immediately down
stream from some of the turnouts. These dams, from 4 to 14 inches 
high, back up the water and create additional head on turnouts 
during periods of low flow. No other obstructions and no in-line 
canal structures with piers in the flow prism existed within the 
test reaches. 

Figures 1-2 through 1-5 show canal profile, alinement, 
and section details. Fourteen water surface profile measuring 
stations, designated alphabetically A through N, were located in 
the 6,013-foot Reach 1. Seven measuring stations designated 0 
through U were located in the 1,706-foot Reach 2. 

Concrete-lined reaches of this 5-mile-long canal were 
constructed in 1950 under Specifications No. 2855. The 4-inch
thick concrete lining was unreinforced except at locations speci
fied by the contracting officer. It was placed by rail-mounted 
slip-form as shmm in Figure 1-9. Specifications requirements 
stated that "the finished concrete surface shall be equivalent in 

*This canal was originally called the Poudre Supply Canal but was 
renamed in 1956. 
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NOTES 
Surveyed cross sections were obtained at Paints A. G. H. 1. J. 

K and N. Invert elevations far these stations were taken 
as the average of 7 surveyed paints an the invert. 

A t Points 8. C. D. E. F. Land M. invert elevations were assumed 
to be above the design grade as generally indicated by the 
t. invert survey. To arrive at a value for the invert elevotlim 
764 ft. (Canerete lining height) was subtracted from the ' 
average top 0 f lining elevatian. 

Curvature Index - 5XLlo/L , . 
See drawing 245-0- 4731 for profile alinement and section details. 
Three insignificant equations in canal stationing are not shown 

.on this sheet However these equations have been considered 
in computations of test reach lengths. 

Cross-sectian of concrete lined canal and average test depths 
are shown below. 

1290 c. fs.-) 

800 ds-;'-"'- - - -
__ .=- 5!!!§ill 

~ _____ --J': ________ j __ j 
~--- -- -12'--- ----~ 

SYMBOLS o Top af concrete lining at water surface profile measurlnq stations. 
/!:,. Average water surface elevation for 1290 cfs. test. 
I:] Average water surface elevation for 800 c. f.s. test 
+ Surveyed invert elevation on canal 1::. 
----_Assumed location of canal invert based on £ survey 
-'_Estimated backwater curve created by invert dam. 

Surveyed If. Invert Elevation was 

Higher than design value by 0.17 ft 0.12 all 0.12 0.0.9 0.16 0.09 0.11 0.11 0.12 0.070.0.7 0.08 0.070.04 

Lower than design value by 
NUMBER AVERAGE CURVATURE (p.) (~ e.C) CO) (~ (F) (0Q:t) OF' CURVES CURVE RADIus INDEX 

0.0153 
I 360 ff. 0.52 00138 i.QfJ162 
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Straight 0.0146 ..!jf'51 _> I 480 0.59 0.0152 0.0160 
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00154 
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l I 143 1.32 
Straioht 
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evenness, smoothness, and freedom from rock pockets and surface 
voids to that obtainable by the effective use of a long-handled 
steel trowel. tt 

Figures 1-2 and 1-4 show design flow in the canal to be 
1,500 cfs. Six inches of vertical freeboard from water surface 
to top of concrete lining was anticipated for this maximum flow 
condition. The 1,500 cfs included an allowance for flood inflow 
which was expected very infrequently. Examination of NCWeD 
records indicated a maximum flow of 1,320 cfs had been delivered 
in the 9-year period between 1954 and 1963; 1,450 cfs had been 
carried briefly in the clean canal in the spring of 1953. Kutter's 
formula with a roughness coefficient "n" of 0.014 was used in 
design of the canal. This value was assumed to provide adequate 
allowance for losses caused by horizontal curves. Equivalent 
Manning's "n" for the canal section is 0.0142. (Discharge com
puted using Manning's formula, "n" = 0.014, and a depth of 7.17 
feet was 1,524 cfs--l.5 percent more than design flOW.) DeSign 
freeboard on the concrete lining for the normal design flow of 
1,300 cfs was 1.03 feet. 

Transverse contraction grooves were provided in the 
concrete lining at approximate 12-foot intervals. Only three 
longitudinal grooves were used, one along the canal centerline on 
the invert, the other two near the midpoints of the sides. A con
siderable amount of longitudinal cracking had occurred at the 
intersections of the bottom and sides of the lining in years prior 
to the test. Asphalt mastic filler material used in contraction 
grooves generally protruded above the lining surface in 1962. 

This canal is unwatered in November of each year at the 
end of the irrigation season and is not refilled until the follow
ing spring. It was therefore possible to examine and document 
the condition of the concrete lining before and after the tests. 
Photographs, Figures 1-8 through 1-10, were taken during the 
unwatered period before the 1962 test. It was noted that sides 
of the 12-year-old concrete lining were very clean with little 
evidence of erosion of surface fines. The photographs indicate 
the invert of Reach 2 to be clean, but evidence of algal growth 
was present on the invert of Reach 1. This condition was again 
noted on an inspection of the unwatered canal in November 1962 
after the tests. The most prevalent growth was identified as 
Stigeoclonium, a genus of filamentous green algae. 

A coating of Oscillatoria, a genus of filamentous blue
green algae, was noted on the flow surface of the stilling pool 
at the head end of the canal and on the inverts of siphon inlet 
transitions where flow velocities were high. Also found in minor 
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A. Flow conditions at 16-foot timber bridge (Station 50+46) during 
1,300 cfs capacity test in October 1952. Water piled up in front 
of center pier and was above lip of concrete lining in lower left 
of picture. Pier, consisting of four 8- by 8-inch posts with sway 
bracing, was removed in 1953. P-245-104-6238, October 16, 1952. 

B. Flow conditions at modified clear span bridge (Station 50+46) 
during 1,290 cfs capacity test in August 1962. Note reduction in 
turbulence resulting from removal of center pier. Approximately 
0.6 foot of freeboard existed to top of lining just upstream from 
the bridge. P-245-D-34552, August 1, 1962. 

Figure 1-6 
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A. Flow conditions on left side of curved outlet transition below 
chute and siphon at Station 153+00 during 1952 capacity test. Note 
the large amount of entrained air in the 1,300 cfs flow. 
P245-104-6236, October 1952. 

B. Flow conditions at outlet of chute and siphon structure (Station 
151+90) during 1,290 cfs test of August 1962. Note 18-inch high 
precast concrete units which were added on top of the original con
crete lining to contain the flow. P245-713-2205, August 1, 1962. 

Figure 1-1 
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amounts were black fly or buffalo gnats (cocoons) and Rotatoria 
a phylum of fresh water invertebrates commonly known as rotifers. 
Some drainage water seeps into the canal in Reach 1 during the 
unwatered period in the winter and may tend to keep the algae 
alive during the winter months. 

Discussions with operating personnel provided no appar
ent reason why the algae grew in Reach 1 but not in Reach 2. 
Fred C. Scobey has, however, reported a similar situation that 
existed during 1931 tests on the Tiger Creek Flume in California.!.I 
Scobey stated "The tests on Tiger Creek Conduit show that the 
influence of algae was greatest near the feeding reservoir and 
that but little effect was in evidence some 15 miles away. * * * 
It is suggested that decrease in flow due to algal growth always 
be provided for, unless experience in a given locality with the 
available water indicates that little effect is to be expected. 
More often than not the growth will appear. If 

Water in this canal is clear and little sediment was 
evident during 1962 tests. Operating personnel state that some 
"scouring action" occurs at the end of an irrigation season when 
Horsetooth Reservoir is low and sediment flushes through the out
let works into the canal. 

Operating personnel stated that algal growth has also 
caused increased flow resistance on the nearby concrete-lined 
Pole Hill Canal and Charles Hansen Feeder Canal. Biweekly chemi
cal treatments of 0.2 to 0.3 pound of copper sulfate crystals per 
cfs of discharge are used throughout the entire year on the 
550-cfs Pole Hill Canal. Mechanical scraping of the lining bas 
also been used annually at this location to restore capacity. 
Costs of the above procedures used to maintain capacity in both 
the one-half mile Pole Hill Canal and 8.5 miles of the Charles 
Hansen Feeder Canal have been $1,000 to $2,000 per year. In the 
Pole Hill Canal, the concrete lining height was increased 12 to 
18 inches in tight spots after original construction to keep water 
within the lined section. 

Test Preparations and Measurements 

In 1952, 1 year after the canal was completed, a per
formance test was conducted on the Charles Hansen Canal which 
disclosed that a flow of 1,300 cfs overtopped concrete lining at 
the following locations: 

lJ Refers to numbered reference in the main body of this Technical 
Memorandum. 
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A. Closeup of invert in unvatered canal at approximate Station 22+50 
showing algae which existed in October 1952 before reach vas painted 
with antifouling paint. Photograph vas taken 2 weeks after the 1,300 
cfs capacity test. P245-704-6242, October 28, 1952. 

B. Unvatered canal at approximate Station 19~OO in Reach No.2. 
Note absence of algae. Very few cracks were found in the concrete 
lining. P245-D-30803, November 15, 1961. 

Figure I-8 
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A. Rail-mounted slip-form and finishing jumbo used to place concrete 
l1ning in the Charles Hansen Canal. 245-104-1215, October 20, 1950. 

B. Downstream view of unvatered concrete lining ot Charles Hansen 
Canal just downstream trom gaging station at Station 22+50. Lining 
in foreground has been painted vi th antifouling paint to prevent algal 
growth. Triangular sill on invert was added by NCWCD to increase the 
water depth and reduce turbulence at gaging station. P245-D-30198, 
November 15, 1961. 

Figure 1-9 
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A. View looking upstream at hydrographic bridge and recorder house 
at Station 22+50. Note dried curled algae on the lining invert. 
Lining has been extended vertically by the addition of precast con
crete units near the gaging station. P245-D-301<}6, November 15, l<}6l. 

B. View upstream from l6-foot timber bridge at Station 5~46 showing 
canal empty. Some algae was evident on invert. Canal is straight for 
approximately 530 feet upstream. P245-D-30199, November 11, 1961. 

Figure I-10 
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1. On the outside banks of several sharp curves in alinement 
between Stations 50+00 and 62+00 and between Stations 150+00 
and 163+00. These curves had radii between 115 and 270 feet. 

2. Immediately downstream from the outlet of a chute-siphon 
structure which entrained considerable air in the flow 
(Sta tion 152+00). 

3. Upstream from single-pier timber bridges located at 
Stations 50+46 and 160+43. 

Photographs in Figures 1-6 and 1-7 show flow conditions 
which existed during the 1952 test. Flow depths were reported to 
be about 1.0 foot greater in Reach 1 than in Reach 2 during this 
test. After evaluation of data from this test, the concrete lin
ing was raised 12 to 18 inches along nearly 2,100 feet of the more 
sinuous portions of canal above Reach 2. Figures 1-7, 1-9, and 
1-11 show the precast units which were cemented to the lip of the 
lining for this purpose. The single piers at two bridges (Stations 
50+46 and 160+43) were removed and clear span supports were pro
vided. Figure 1-13 shows details of the original bridge with the 
four-post (8- by 8-inch) pier located at Station 50+46. 

A 6,013-foot sinuous length (Reach 1) and a 1,706-foot 
length with somewhat less sinuosity (Reach 2) were selected for 
comprehensive testing in 1962. Horizontal curves in the canal 
alinement within these reaches are described in Tables 1-1 and 
1-2. 

Cross sections, invert lengths, and invert profiles were 
obtained by surveys prior to the 1962 tests. Invert survey data 
are shown in Figures 1-3 and 1-5. In Reach 1, the invert appeared 
to be about 0.15-foot high at the upstream end and on desig~ grade 
at the downstream end. Of 40 surveyed points on the original 
invert at canal centerline, 37 were above deSign grade and 3 were 
below grade. The average deviation was 0.07 foot. In Reach 2, 
all 12 of the surveyed centerline elevations were above design 
grade, the average being 0.12 foot. 

Triangular dams, about 13 inches high, on the invert 
were located at the following approximate stations: 

Station 22+90, upstream from Test Reach 1 (Figure 1-9) 
Station 74+66, in Test Reach 1 
Station 208+90, downstream from Test Reach 2 

A smaller dam about 4-1/2 inches high occurred at approximate 
Station 51+24-in Test Reach 1. 
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Downstream view of crews making water surface profile measure
ments with differential manometer gages at Point I, Station 51+55. 
Note wave action on the vertical extensions of the canal lining on 
the outside of the curve in the background. P245-D-34553, 
August 1, 1962. 

Figure I-II 
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Closeup view of differential manometer gage sensing disc. The 
disc was laid on the canal lining at least 18 inches below the 
water surface for each test measurement. P416-D-28554, July 1961. 

Figure 1-12 
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Water surface 
measuring Curve 

point No. 

A 
1 

B 
2 

C 
Straight 

D 
~ 

f9 
3 

E 
4 

F 
5 
6 

G 
Straight 

I 
7 
8 
9 

10 
J 

11 
12 
13 

K 
14 

N 

Average values 

El::l. 

Table I-l 
Reach 1 

L ... 6,013 feet T = 28.6 

Deflection Curve Rl 
angle radius IT l::l.0 R1 (ft) 

45 358 12·5 

15 573 20·0 

37 477 16.7 

58 286 10·0 

15 573 20.0 
17 573 20·0 

86 143 5·0 
88 115 4.0 
22 286 10.0 
37 286 10.0 

36 382 13.4 
30 382 13.4 
11 1,146 40.1 

73 143 5·0 

410 409 14·3 

Curvature 
index 

0·52 

0·30 

0.59 

0.84 

0.34 

0.76 

0·35 

0.65 

0.47 

... 5700 I An average of 12.3 curves per mile 

Reach Computed 
length "n" for 
(ft) 1, 290--cfs 

test 

436 0.0153 

250 0.0162 

424 0.0146 

313 0.0151 

346 0.0160 

474 0.0145 

560 0.0150 

1,539 0.0159 

1,106 0.0154 

565 0.0156 

0.0153 

6,013 



Water surface 
measuring 

point 

0 

p 

J-I 
Q. 

l8 R 

S 

T 

U 
Average Values 

Reach OU 

Reach OU 

Table I-2 
Reach 2 

L = 1,706 feet T = 28.6 feet 

Deflection Curve 
Rl/T 

Reach 
Curve angle radius Curvature length 

No. 6,0 Rl (ft) index (ft) 

Straight 369 

1 48 164 5·7 1.08 222 

2 22 573 20.0 0·33 334 

3 21 573 20.0 0.41 257 

Straight 231 

4 9 1,146 40.1 0.15 293 

25 614 21.4 0.29 1,706 

L:6.0 = 100 An average of 12.4 curves per mile. 

Computed 
"n" for 
1, 290-cfs 

test 

0.0131 

0.0143 

0.0138 

0.0126 

0.0149 

Ml backwat er 
curve 

0.0118 

0.0134 



Surveyed cross sections obtained at 10 measuring stations 
were plotted. After invert grades were adjusted, all areas were 
found to be within 1 percent of the design value. 

Since algal growth was known to be present the canal was 
treated with copper sulfate prior to test runs as listed below: 

1. Tuesday, July 24, Q = 1,230 cfs (treatment 0.31 pound per 
cfs injected in 55 minutes). 

2. Saturday, July 28, Q = 910 cfs (treatment 0.30 pound per 
cfs injected in 40 minutes). 

Because of the fast velocity and water depth, it was not possible 
to determine the extent or secure samples of algal growth on the 
lining immediately before the test. However, flow was decreased 
to 280 cfs on the day following the 1,290 cfs test and water depth 
was reduced to about 3 feet. At this time green algae could be 
seen on the invert of Reach 1. Visible filaments did not appear 
to extend into the water more than 1 or 2 inches. 

Steady flow conditions were established by holding 
releases constant from Horsetooth Reservoir at the head end of the 
canal. Two 72-inch hollow jet valves in the outlet works were set 
for a total discharge of 800 cfs at 6 a.m. on July 30 and left 
unchanged until 6 a.m. on August 1. The flow was then increased 
to 1,290 cfs, and this valve setting was held until 3:30 p.m. of 
that day. 

Steady canal flows were verified by traces of water sur
face elevation on water level recorders in the gaging station 
shelter houses at Stations 22+50, 134+00, and 284+00. Traces of 
the water surface were remarkably steady, showing less than 0.02-
foot variation during the test measurement periods. 

Discharge measurements were made during each day's test 
run from the gaging station cableway in the earth section at 
Station 134+00 between Test Reaches 1 and 2. A current meter 
traverse was made at the Parshall flume at the end of the canal on 
July 31. Price Type A meters were used and 0.2 and 0.8 depth 
procedure was used to make velocity traverses. Discharges were 
also computed from velocity traverses obtained with multiple cur
rent meter equipment located on the bridge at Station 50+46 
(Figure r-6). Turnout flows from test reaches were less than 2 cfs 
and no drainage inflow was noted. Estimated seepage and evapora
tion losses from 3-1/2 miles of the canal amounted to less than 
2 cfs. 
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Winds varied considerably in direction and velocity 
during the tests, but were not considered to be a significant 
element of flow resistance for this size of channel with the high 
velocity flow encountered. 

Figure I-II shows crews using the differential manometer 
gages to measure water surface profiles. Five sets of readings, 
each consisting of a simultaneous reading on each side of the 
cana~were obtained for the July 31 and August 1 tests. 
Measurements in Reach 1 or Reach 2 were completed between 9:00 a.m. 
and 3:30 p.m. on the days of the tests. Time required for measure
ments at one station varied from 3 to 14 minutes and averaged about 
5 minutes after crews became accustomed to the equipment. The fast 
water velocity caused waves which resulted in fluctuations in the 
height of water columns in the manometer gages. These fluctuations 
were as much as 0.2 foot at stations in Reach 1 where 0.8-foot-high 
waves were encountered. 

In Reach 2 there was less wave action at measuring sta
tions. Manometer fluctuations there did not exceed 0.08 foot, and 
0.4-foot-high waves occurred. Water was drawn from the canal to 
the manometer tube through a 12-inch-diameter aluminum pressure
sensing disk shown in Figure 1-12. Water entered these beveled 
disks through a single 1/8 or 1/16-inch-diameter hole in the center. 
The purpose of the single hole was to damp wave action and minimize 
velocity effects. Considerable effort was required to hold the 
disk against the side of the lining in the high velocity water. 

Several water surface measuring pOints were located at 
the ends of horizontal curves to measure the expected "ride-up" of 
the water on the outside bank. (See Figures 1-7 and 1-11.) Test 
data showed the water surface was higher on the anticipated side 
of the canal at 13 of the 21 measuring stations. A maximum differ
ential water surface of 0.40 foot occurred at Station 80+75 during 
the 1,290-cfs run. This station is the P.T. of a tight curve 
( 6 = 73° left, radius = 143 feet) and water was higher, as 
expected, on the right bank. Lining repairs had been required on 
this curve and visible flow surfaces appeared somewhat rougher 
than on adjacent panels. This roughened condition may have been 
created when the lining machine traversed the curve. The invert 
profile also shows a slight hump at this location and considerable 
longitudinal cracking had occurred. 

The differential water surface between banks at all 
other measuring points was less than 0.20 foot. However, USGS 
personnel who were measuring velocity distributions on curves for 
another study, stated that they had measured water surfaces across 
the canal on lines normal to the canal centerline at various 
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locations and found one case where the water surface in the m1d
portion of the stream was about 0.30 foot higher than the mean 
value of the elevations at the sides of the canal. 

Analyses of Test Data 

Figures 1-3 and 1-5 show test reaches, plots of water 
surface profiles and computed Manning t s "n" values. It will be 
noted that backwater effects have been caused in both reaches by 
the triangular invert dams in the canal immediately downstream 
from turnouts. Slight Ml backwater curves exist immediately 
upstream from these dams, but the effects of these restrictions 
did not extend for appreciable distances upstream. Water depths 
in Reach 1 averaged about 0.3 foot more than in Reach 2. 

Figures 26 and 27 show summaries of test data. Overall 
reaches have been broken down into segments between individual 
stations in an effort to isolate increased resistance caused by 
horizontal curvature in canal alinement. 

As two of the reaches (G-H and K-L) were considered to 
be too short to give reliable results, they were combined with 
adjacent reaches for analyses. Estimated losses caused by the 
invert dams in Reaches G-I and J-K were subtracted from measured 
losses before values of "n" and "f" were computed. Another invert 
dam caused obvious backwater effects in Reach T-U. The lower than 
average computed "n" values for this reach may have resulted from 
inadequate consideration of these effects. 

Some of the measuring points were located at or near 
the downstream ends of curves. A portion of the head loss caused 
by the curves no doubt occurred 1n the sections downstream of the 
measuring points. More realistic results would probably be 
obtained by omitting these measuring stations and analyzing the 
curve and downstream section as one reach. 

A local area of high invert and cracked concrete lining 
occurred near Point M. These circumstances probably caused dis
torted values of computed "n" in this area. 

The effect of omitting Points B, E, M, ~, and Sand 
analyzing overall Reaches A-C, D-F, etc., was investigated. 
Values of "n" computed for overall reaches for a flow of 1,290 cfs 
were: 
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Reach A-C n = 0.0156 Curvature Index :: 0.44 
Reach D-F n :: 0.0155 Curvature Index :: 0·72 
Reach K-N n :: 0.0156 Curvature Index :: 0.65 
Reach P-R n :: 0.0143 Curvature Index :: 0.63 
Reach R-T n :: 0.0136 Curvature Index :: 0.22 

Figure 1-14 shows plots of Manning's "n" against curva
ture index. Values plotted on the vertical line at the left for a 
curvature index of zero are from straight reaches. For the com
puted reaches, a maximum curvature index of 1.32 existed between 
Points K and M of Reach 1. (POint M vas at the P.T. of a l83-foot
long horizontal curve which has a radius of 143 feet and deflection 
angle, 6 , of 730 left.) 

Values of "n" computed for reaches from which Points B, 
E, M, Q, and S were omitted are plotted against curvature index in 
Figure I-15. Straight trend lines were drawn by eye on this figure 
to show the increase in hydraulic resistance caused by channel 
curvature. Beginning with the average value for straight reaches, 
both trend lines rise as channel curvature increases. The line 
for Reach 1 shows "n" to increase generally about 0.001 (7 percent) 
as the curvature index increases from 0 to 1.0. The trend indi
cated in Reach 1 agrees substantially with results obtained by 
Scobey!J in tests on a concrete flume with comparable velocity and 
hydraulic radius. 

The trend line drawn for Reach 2 shows a greater rate of 
increase in "n" with increase in curvature index. Only four points 
were available from Reach 2 for plotting in Figure I-15. Because 
of the small number of points and the unexplained low Itn" value of 
0.0118 from Segment T-U, the trend line cannot be considered to be 
conclUSive. 

Results from the 800-cfs tests on both Reaches 1 and 2 
are comparable to the results shown in Figures I-14 and I-15 for 
flow of 1,290 cfs. Also, a satisfactory correlation of results 
was obtained by assumin~ that head losses due to curves amounted 
to approximately 0.001 {Z6°)hv • 

Summary and Discussion of Test Results 

Computed Manning's "n" values for the 1,290-cfs test are 
plotted in Figures I-14 and I-15. Values and trends shown for the 
Boo-cfs test were very similar. A brief summary of "n" values 
from both tests as computed combining curves with downstream 
reaches is given below. 
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Reach 1 ("n" varied from 0.0138 to 0.0162) lz220 cfs 800 cfs 
Average value for 6 segments with curves 0.0154 0.0153 
Average value for 2 straight segments 0.0148 0.0146 
Average value for all segments computed 

after curve losses of 0.001 6~v were 
subtracted from 6e values 0.0146 0.0146 

Reach 2 (lin" varied from 0.0118* to 0.149) 
Average value for 3 segments with curves **0.0132 **0.0134 
Value for one straight segment 0.0131 0.0130 
Average value for all segments computed 

after curve losses of 0.001 6~v were 
subtracted from 6e values **0.0128 **0.0130 

* Computed "n" of 0.0118 for Reach T-U. No explanation could be 
found in test data for this extremely low value. 

** f\ri" value of 0.0118 included in these averages. 

This summary generally shows "n" to be approximately 0.015 in Reach 1 
and 0.0133 in Reach 2. Computed values for all reaches were within 
10 percent of these values. The two apparent reasons for the increased 
resistance in Reach 1 are: 

1. A greater amount of filamentous algal growth occurred on the 
invert of Reach 1 even though the canal had been chemically treated 
prior to tests. Little or no growth was evident in Reach 2. 

2. Reach 1 is more sinuous than Reach 2 as indicated below: 

Number of Average 
curves Average curve 

Curvature per curve deflection 
index mile radius angle 

Reach 1 (6,013 ft) 0.47 12.3 409 ft 41° 
Reach 2 (1,706 ft) 0.29 11.1 614 ft 25° 

Wave action for this high velocity canal was greater than 
anticipated on the tighter curves. Because of wave action, the con
crete lining height has been increased 12 inches to 18 inches in two 
of the most sinuous locations in the upper and central portions of 
the canal. These locations contained horizontal curves having radii 
less than 200 feet. Intermittent waves with a crest-to-trough height 
of 0.8 foot were observed in these areas. Center piers on two bridges 
were also removed in these areas. 
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The amount of tilt in water surface which occurred as 
water flowed around bends was close to the theoretical amount 

V2 T 
given by the formula dy - ~ in the majority of locations. 

However, in a few cases the water surface tilted the opposite way 
due to carryover effects of velocity disturbances created by 
upstream bends. Observations of flow patterns on the surface indi
cated that effects of canal curvature on surface velocities 
extended for at least 600 feet downstream from the P.T. of most 
curves. Since few tangent reaches longer than 600 feet eXist, it 
is improbable that velocity distributions typical of an infinitely 
long straight reach could be obtained in this canal. 

Owing to manpower and fund limitations, additional tests 
were not made throughout the summer to document the effect of 
increased algal growth on channel resistance. Project personnel 
stated that algal growth in this canal does increase during each 
operating season and that it causes increased resistance to flow. 

Figures 26 and 27 provide more detailed information con
cerning prototype flow tests made during 1962 in this canal. These 
figures also show computed values of hydraulic properties and design 
parameters. 
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ABSTRACT 

Between 1957 and 1962, the Bureau of Reclamation made tests to determine 
flow capacities and resistance coefficients in 9 large concrete-lined 
irrigation canals. Tests were made on some 170 miles of trapezoidal
shaped canals having flows which varied from 555 cfs to 6,820 cfs. 
Design discharges for test canals varied from 700 to 13,200 cfs. 
Other design hydraulic properties included invert slopes which 
ranged from 0.0013 to 0.00005, bottom widths from 8 to 50 feet, 
h:Idraulic radii from 4 to 14 feet, and velocities from 5 to 12 f1)s. 
All concrete linings, except one, were placed by rail-mounted 
traveling slip forms and were from 7 to 25 years old at the time of 
tests. Head loss measurements were made across piers and inverted 
siphons. Test data were analyzed in tenns of TIn" values for Manning I s 
formula and on Reynolds' Number - friction factor plots. Resistance 
coefficients varied with the amount of aquatic growths, canal aline
ment, and canal size. Manning's lin" generally varied fran 0.013 to 
0.016 for the smaller canals and from 0.015 to 0.019 for the larger 
canals. Aquatic growths were found in varying amounts on lining 
surfaces of all canals and caused seasonal variation in flow resistance. 
Biweekly copper sulfate treatments retarded the most prevalent growth, 
filamentous algae. A hydraulic design procedure for concrete-lined 
canals is outlined. Design procedures of other agencies and recent 
literature on flow in rigid boundary channels are summarized and 
reviewed. An appendix contains detailed descriptions of tests and 
operating experiences in each canal. 
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