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ABSTRACT

A study using radioisotopes--a part of the USBR continuing program
. to improve water measurement practices-—prowded useful infor-

. mation for developing radioisotope techniques in- open: channel dis-
charge measurements and data for establishing minimum mixing
-1engths. Half-capacity tests in Feb 1862 and full-capacity tests -
in June 1963 using Gold-198 were made in a straight section of a

. concrete-lined irrigation canal with a design discharge of 620 cfs.

- The:pulse or- total- -count radioisotope method was used for 65 dis-
charge measurements, Consistency of the radioisotope method
“was evaluated by using up:to 4 portable Gelger counting systems,
‘Conclusions were: [ (1) With adequate mucmg of radioisotope and
canal water; accuracy of 97% or greater is possible when compared -

- 'with current meter discharge measurements; {2) In a canal with'.
hydraulic characteristics similar to the one fested; a 2, 500- to
3, 000-ft mixing length is needed for 98 to 99% mixing. {3) Mini-
mum mixing length may be computed for similar straight canals
using a diffusion coefficient and time factor developed from theses;
- tests. ‘{4) Simultaneocus multiple 1n]ect10ns of tracer will provide
x_h1gher probability of uniform mixing in shorter lengths than will
single injections and also result in higher diffusion coefficients..
{3) With sufficient data from canals of various sizes mu{mg length = -
* -equations can probably be derived for canals having a minimum of
- turbulence../ Further. 1nvest1gat1on is needed to refme the 11m1ts
- Jof variables that control rn1x1ng : -

: 'DESCRIPTOBS *d1scharge measurement/ -r-radloactwe 1sotopes/
- tracers/ dyes/ *mixing/ canals/ open channels/ *radiation meas- -
. -urement \dlefusmnl turbulent flow/ roughness coefficients/ current. ©
“ o meters/. flnorescein/ shear/ counting method/ dispersion/ veloc-
©ity/ prototype tests/ field tests/ concentration/: Ge1ger counters/
: .pulsesl open cha:nnel flow/. test procedures _

i IDENTIFIERS--*mlxmg lengthl 11ned canalsl Yuma Mesa A Ca- _
. 'nal/ .bifurcations/ Gila Project/ surface resistance coeffs/ diffu- -
- sion coefficients/ d11ut10n methodl Gold 198/ test reaches ] #total

count method : ‘ : ‘
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CANAL DISCHARGE MEASUREMENTS WITH RADIOISOTOPES

Introductmn .

e The Bureau of Reclamatmn has an 1mportant respon51b111ty for
accurately measuring- the water used for generation of. e1ectr1c1ty,

. .f irrigation of reclaimed land and other beneficial: purposes This
- responsibility is being met: through an active L;boratory and field

program of study to develop, ‘improve, and apply modern equip-

' .ment and methods:to the measuring of rates of flow. The overall

. -,.plan of research and- development includes rad101sotope methods
of measurmg dlscharges in closed conduits . as well. as. in-open’
~channels and is a joint program between the- ‘Hydraulics and
‘Chemical Engmeerlng Branches of the Division of Research.
The® emphas1s in this report, however, ,is on a study of canal
- .dlscharge measurernents made W1th radlolsotopes -

In the d15tr1but1on of 1rr1gat10n water ‘one of the' most d1ff1cu1t

‘problems is-the: measurlng of: d1scharges in:large canals, Gated

. cheé¢k structures in the canal or currentmeterigaging- statwns

.are often;used as measuring devices in operating the canals*o

" meet water demands, ¢ The calibration, -or ratiny, of these devices -~ |

~.ib often-difficult, and the ratings may change almost daily in some:.
locations when there is-scour or dep081t1on of sediment, where the

o '-~'-_'-'quant1ty of biological growth is great, ‘or-where the dimensions-of = = -
- :a-structure change -with'time. . One relat1ve1y new method of water; LR
;_measurement which shows prom1se ‘involves. the use of . I‘adIOISO"' :

‘topes.. The method appears to combine convenience with: accuracy_._‘ -
S A de51rab1e combmatlon of character1st1cs for measurmg dlscharges
"1n canals. T : D

Canal Descr1pt1on o

;_The flow way selected for 1nvest1gat1ng the accuracy and for devel-' Sk
o+ oping-field: technlques of ‘the. radlcnsotope ‘method of. dlscharge SR
measurement was’ the concrete—-hned Yuma Mesa "A" Canal near




Yuma Arlzona Flgure 1. The Gila Gravity Mam Canal with
headworks at Imper1a1 Dam- on the Colorado River suppltes water
': to the Yuma-Mesa Canal through a pumplng plant S

Immedlately downstream from the pumpmg plant there is a short

“sinuous length of canal followed by a straight.length approximately

-9, 700 feet’ long. This straight section contains-one radial gate-

check structure but'is free of other obstructions except for two

br1dge piers. At the end of the selected length, the Yuma-Mesa
e ”A" canal branches 1nto the- "A" and "B" canals. s .

The concrete lmed "A" canal was de51gned for a dlscharge of -

~ 620 cubic.feet per second at a depth of '10. 1 feet; hasan 8-foot
bottom width, -and "1~ 1/ 2:1 side- -slopes, The mvert is.constructed.
“on a- slope of 0, 0000'?  The average: waté"‘r‘velocityiis'rz'.l-"{ feet per
second S o oo S T

The canal operates throughout the year and dlscharges can be :
“held constant over long periods-of time. By working during: selected
" times, different dlscharges could be measured 7 approximately
.ione- half capacity.in ‘February. 1962 . and full capac1ty in June 1963.
"The second test series Was,more elaborate in concept-and:execu-
“:tion than the first series;” and reflected the improved technlques
wh1ch had been develnped as a result of expemence

The two test series’ were made i’ accordance w1th Atomlc Energy
5 ‘Commission‘regulatiéns and. hcense and w1th the perm1ss1on of
-;{Health Author1t1es of, the area. " IR 6 N

Radtolsotope Dlscharge Measurmg Method

‘Fhe . radtolsotope technlque of dtscharge nteasurement is d1rectly S
.related:to an older principle of measurement :the chemical d11ut10n SRR
.. method. . The dilution ‘method of meéasuring d1scharges eliminates

“the.need: for knowmg or determining:the area of flow, the: veloc1ty -

:of flow,. ‘the'roughness. of the flow boundary, the water stage, the

ead loss ‘or:any;of the-other: hydraullc quant1t1es ‘encountered '
' ng by usual: methods “In'the dilution:method, a:salt or

ﬂ-chernlcal solution \cer, detectable by chemical.or. electrlcal e e
_means, -of know .ncentratmn C,:is.introduced:at a constant rate, . = -
q, 1nto a’ flow Q- contammg natural amounts of. tracer -C, At '




_ tracer and flow, the concentratlon is then- C2 From: the equatmn
- .'of/contmmty, where Q is: the unknown dlscharge '

- QC + q1C1 = (Q+ ql)Cg or

=1f Co is negl1g1ble compared to Cf, and ql is neghglble compared to Q'

q1C1
Q T‘

An 1nspect10n of the terms in. Equatlon (1) shows that no knowledge
‘is‘required of'the: flow or.cross-section:geometry, the velocity,
: *_gradlent or other: hydrauhc characteristics normally associated :
_~with'flow measurements, * The discharge, ‘Q,’ ‘in the canal may be _
~.determined from the measured concentratmns Co, _ C1, C2 and the =
m]ectlon rate ql : L ‘ _

- In the pu]se or: total Lount method a known amount of- radlotracer
oA (C 14y ')-is introduced into- the\flow ina cornparatwely short ‘

© U dtime, producmg a. pulse of 1ad1oactlv1ty in the flowing water, At

~the. measurement cross-section. downstream where the tracer is -

i thoroughly mixed-with the flowing. water ‘the concentration of: the

ositraceris determlned from the ‘gamma rdy emissions.detected. and
. .counted by.a- Ge1ger Muller.or: sc1nt111at10n detectors. ﬂoweveur

' .__where Co was.a, constant of concentration in the’ chemical’ dllutﬁon
‘equation, the concentratlon of rad1oact1v1ty in the’ pulse is var-'uable

:w1th tune In th1s case" cons1der1ng thc conServatlon of mat N

R ’ :2 t f: :" .- /’[
.‘where changes 1n concentratmn C2 are. measured W1th respect to
ime, ¢It'should be noted:that agdin the. ‘physical:quantities to be‘ .

;.measured ‘1o determme the dlscharge ‘Q,: do.not:refer to’ the =

channel | shapeiorithe: hydrauhc characteristics;of the flow; “The .
dlschargc can bc-.- calculated from concentratmns Cy and Cg, .whlch




'_ ‘. -solution by use. of the Ge1ger or. sc1nt111at10n countmg S‘,{
. by volumetrm measurement : j

Instruments and Prooedures

B} Count1ng SIstems

"Portable gamma ray countmg systems were . used in the total count‘
" method of measuring canal discharges. A 'system'included.a. =
. ‘battery-powered scaler for counting the electrical pulses recewed
- “from the detectors, and a probe composed of four Geiger- “Muller: . °
‘tubes encased’in a transparent plastic or. aluminum case. The S
scalers and probes of these .systems had been newly. developed for
this: measurement series and were also. undergoing testing as the
‘ d1scharge measurement investigation progressed. Thus, the sys-

' terns wereinot always reliable and occasionally measurements.

 were lost because.of water leakage into.a probe or a fa.11ure of some
ﬁ'mechamoal or electr1ca1 c0mponent : : : ; :

:'The countmg systems were cahbrated by determmmg the countmg
‘rate,of the Geiger probe submerged in a large container filled with
ca mlxture of water and radioisotope of. known concentration. For

‘ ‘;""_"-“best accuracy and- cons1stency, ‘the container volume is large enough

‘that any-further: increase’in volume would not change the counting -
.rate.  ‘Determiration of the counting rate in this manner’ 51mulates

- - the. action’ of the probe in'a canal where‘the: contamer is, iin. effect
.. infinite in size. De51gnat1ng F ' as the calibration factor fora-

aspec1f1c countlng system or. a spec1f1c probe, then the countmg rate |
R, “for.a solution concentratlon C is. R FC or C R/ B, or.
‘ﬁ'om Equatmn (2) e :

/;-r_\-\

s

‘_"The total number of ga:nma rays N ucounted durmg the passage :
of,pulse:.of tracer is N = f(R/F) dt By substltutlon the rate of SN
._ﬂow (d1scharge) equat1on 15 : wal BENCERA S

<F - 'oounts per unlt of. rad1oaet1v1ty per. unit. of volume N
' p‘er un1t of t1me (counts per second) / (m1111cur1es eI

‘ total count ¥
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In. preparmg for a test the total number of umts of radloactnuty

: ‘A, to be mtroduced into the ¢anal for each d1scharge determination

L are- measured by«dlwdmg a- knowwmeasared quantity of isotope into
; .parts, known as aliquots, “in a.field laboratory with a portable stand-
-ardized counting system. :These individual parts, A, usually con- - -

- tained-in.1-pint plastic bottles, were then transported to the canal

site. 1n numbers suff1C1ent for the d1scharge measurements

- Use. of Fluoresceln Dye

"Fluorescem dye: traces were: used as ‘an aid in selectlng rad1o1sotope
“injection points and the locations for the counting systems. The dye

" was added to the water and the actlon of the mixture of dye and water

‘as’it'flowed downstream was used as an indicator of the canal length

: _-_.requlred for mixing of the dye: throughout the cross section of the -
~.stream. - This visual appraisal,-using dye, resulted in a saving of

“time.and rad1oact1ve material, and prov1ded assurance that the
-selected s1tes were pr0per1y chosen

; B :After select1on of the: exact area where the counters are to be used
“~the counting. probes are immersed'in the*canal flow, with a sur-. -

: ~rounding water volume equal to or greater than the volume of the

L “container-used in:the calibration to establish the factor F, The

‘scalers or count 1nd1cators are normally:set on: the canal banks

¥ an automobile on the canal-banks, on.a bridge, or'ina ‘boat ‘in the L

: “.canal accordmg to: the partlcular test cond1t1ons Flgures ZA and B

_"f-.‘:‘:Rad1o1sotope Introductmn and Countmg o .-: s R : o

' '—In makmg a measurement the radlolsotOpe (1n thls test serles Gold- e
©:198) was introduced into the: ‘canal ‘flow by pounng it out of the. plas—

B ‘tic bottle onto:the water surface, or.by: smashmg a: glass bottle in

" an impact device: at a'selected position below the water surface;

-~ Figures 3A and B.' - The:radioisotope was then allowed to flow W1th .
- ""the canal water through the test sect1on S Sy

“To’ determme the total count N the counts recewed from natural -

‘radiation sources,-called: background ‘must be measured before:: - -
and- after:the: rad101sotope—- canal’ Water mixture:passes: ‘the. meas-"
urement:cross section, Therefore; ‘the scalers were. started.well:

before ‘the time: of ‘arrival.of the; radlolsotope -and-the counts. accu— e £

mulated:on.the: register of: the scaler'were manually read.and re-
corded (with:uninterrupted. counting: and timing)’ throughout ‘the:pre- =
arrwal per1od ‘the isotope, passage. period, :and the: postdeparture '

permd - Recording:of the countiwas’ stopped only.when the: backgrou'nd' o |

had: receded_to pretest levels .The total count N'-‘-“cwas taken-as S




'-"i;.the gross number of counts recorded durmg the. passage of the X
“radioisotope minus the: background count accumulated durmg the o

r:'-'_'_"‘_',__passage Flgure 4

-}Radlolsotope “&anal Water Mlmng

'"""'_'f_Thorough transverse m1x1ng of the rac‘.;msotope and canal water is
‘neéessary. ‘before accurate: dlscharge measurements can be. expected
‘from-the: rad101sotope ‘méthod. “The 2. 7-feet-per-second: average

" “yélocity in the Yuma-Mesa. YA" Canal produces’a minimum of
= turbulence to:cause mixing of the. isotope . and- water (Natural

-streams contain much more: ‘turbulent energy, - comparatlvely ) -

‘Since these ‘studies were:'made to-determine mixing characterlstlcs

3‘_"the natural. turbulence in'the'canal ﬂow ‘was used for mixing, and
_;;'no art1f1ca1 means were used to 1nduce greater turbulence o

'-To evaluate the thoroughness of the mlxlng of the radlolsotope and
' =canal v,ater Ain’ th1s 1nvestwat10n a cr1ter1on termed the degree of

7 1x1ng was used

- 'NM' gyl Iy ]

”Pe_r ¢?.H'Ff-m.ixing :

NL, NC 'and NR are the total counts at the left center and rlght
51des of the Vﬂow cross sectlon and NM 1s the ar1thmet1c mean of

-' -'m1x1ng of th‘_.. .
»,.th '__'countlng systems were ‘of . the same sen51t1v1ty and were




In Phase 1 four countmg systems were located at four dlfferent
" 7 stations: along the canal to determine the m1n1mum m1x1ng 1ength
requ1red for fu11 dlspersmn of the" 1sotope S _

In Phase 2 three countmg systems were spaced across the canal’
perpendlcular to'the ‘canal centerline; the fourth -system was lo--
" “cated:between’the radioisotope introduction- pomt and the row of -
systems In this: ‘phase, the extent of lateral mlxmg at a chosen L
statlon wa.:. measured ' : : ‘
In Phase 3,. the countmg systems were used to mvestlgate the :
pr1nc1p1e of radioisotope measurement in divided streams where-.
by the ‘totdl- d1scharge of ‘the main streamiis, determmed by count- - -
ing‘and measuring‘in one of the flowing. fractions.  When a stream o
~.containing a‘tracer .is later divided -into separate streams, "each -
-of the- separated ‘streams carries a fraction; x; ‘ofthe. total - flow
“The flow .rate.of the stream fraction will be xQ -and the amount:

- -oftracer 'will be' xA “Thus, ‘the number of counts obtalned 1n the

{'._ ﬂowmg fractlon of the main stream W111 be-f '

‘or: theoret1ca11y the ‘Same’ number as would have been obtalned in : -
:the 'main stream; :.A measurement of dischargein the main: stream
‘mayitherefore:be made by placmg the count1ng system downstream i
'%-from,a' b1furcatlon. _1 c : e

: :’P
0T more 1ntroduct10ns of rad1o1sotope 1nto the canal, on’ one or
more days for vartous locatlons of the countmg systems 1n the

An '1nvest1gat1on of the 10ng1tud1na1
ad101sotope wa ‘:begun in: the "A”




-ach1eved in 1, 350 feet; ‘Measurements 5- 10 1nd1cate ‘that ne’_arly

g -3,.300" feet may not have been a suff1c1ent m1x1ng leng'th

'-Transverse_rmmmg-tests. -;-Three count1ng systems were_located' o

‘at the bridge at Station 27+83 for Phase 2A of the investigation,

Figure 5, The probes were immersed in the’ canal and spaced

" to divide the cross section into three flow areas, each conveymg

-approxuuately one-third .of the total canal discharge. To. prov1de o

o “‘for an’increased mixing length, the isotope introduction position
- was moved from Stat1on 10-back to Statmn 5 F1gure 5, Phase 24,

.. Measurements 11 16 Columns B and 9 Table 1= B 1nd1cated a -’

-,i_nonumform mixing . posslbly caused by canal smu051ty 1mmed1ate1y'
e '~upstream from the 1sotope 1n_]ect1on pomt at Statlon 5+00,

:___-.‘Smce the: canal smuos1ty was'a suspected cause of the’ nonumform
““iixing-in Phase 2A, .and possibly 'in Phase 1, ‘the counting sys-
- tems and injection point were. relocated. Torprowde a uniform
" flow distribution. at the. 1n3ect1on pomt ‘Station 60+00 was selected
- and.thé three: countmg systems were- placed at the bridge Sta— _

_;.t1on B5+45 Flgure 5 Phase 2B

;JMeasurements 17~ 22 Table lB Columns 8 and 9, 1nd1catel that
‘ wrata dlscharrre equal to one- half the <5 nal capacity, a. 1ength of -

' 12,500 feet’in a’ ‘canal ‘of this s1ze may L:oroduce adequate m1x1ng
-'of the radlolsotope P ~ S e

2

”_D1v1ded stream measurements ‘--Phase 3, Measurement 23 28
~of the program used three counting systems to’ 1nvest1gate ‘the.
;-;_accuracy of: determmmg the: discharge of the main stream by "
“‘measuring-a flowing fraction of ‘the stream. ‘One’ countmg system
“was.located at the bridge ‘Station.85+45-of the ""A' canal,’ Figure 5
A second.- countmg system was placed at:the entrance to: the ;high~
way:culvert of :the "'A" canal at Station 104+24, 223 feet down-
‘‘stream from the:bifurcation: of : the ”A" canal, .and'the third" svs—
-tem in.the "'B!' canal: approxnnately 300 feet downstream from
the b1furcat1on pomt ST e : y |t

'_'Dlscharg:e measurements:'of'??Phases land 2 had 1nd1cated that about 5‘:;'-‘; e

.2,:500:feet of’ length'would; produce sat1sfactory m1x1ng ‘‘Since-the-

'nvestlgatlon%of"the d1v1ded stream measurements ‘was' dependent Loy




'fon umform mlxlng in the canal at the f1rst countmg system Sta-
_-tion 85445, the rad10150tope was introduced at Statlon 60400, F1g-- '
‘ure 9, Phase 3. . . : : S

_ 'Measurements 23 28 demonstrated the probable soundness of the
- divided flow. pr1nc1p1e D1scharges measured upstream from the.
" ‘bifurcation in the ''A' ‘canal agreed with those measured.down-"

‘stream, ‘within-the accuracy ‘to be expected from two sets of meas~ T

urements. This series also indicated that.a 2, 500-foot length of
this canal was sufficient to produce satlsfactory rad101sotope and
canal water rn1x1ng .

o :-’Interpretatlon of Results

‘Good: agreement was. obta;.ned becween the d1scharges measured with

e radioisotopes:.and those pre nously measured by current meter ratmg'

For measurements 17-22 where mixing of 99 and 98 percent occur-

red, the smallest discharge of 292 cubic feet per. second; as meas-
~-.ured by radicisotopes, was 4.5 percent below the operatmnal dis-

' -_chargel/ ‘of .305-cubic feet per second, Table 1B. This is- con51dered

. good agreement because the: operatmnal dls"harge may bezsubject
"to.a'plus or 'minus 5 percent variation.. BExcellent agreernent was also

k '_obta1ned between the measurement of the total dlscharge ‘in the Yuma-

" “Mesa "A" Cahai, -and that indicated by.a measurement.in each of the

"-'Zf_:;';_branches (Measurements 23-28).. The: computed. maximum d1fference -* T
‘_(Measurements 23 and" 24) was 4 5 percent DR - L L

.~':\";J '-'ig

L f;In a; canal the size. of the Yurna Mesa ﬂowmg at one- half capac1ty

"'but near design: depth;::the requlred length, to: produce satisfactory., -
* mixing of the radioisotope-canal:water mixture: is.about+2, 500" feet e
“for: 1n_]ect10ns ‘made near the canal centerline. - This length varies -

-:,cons1derab1y dependmg upon cond1t1ons upstrearn from the po1nt of o i

'm]ectlon.. B v I ol D P

""'.‘:The:results of th‘lS test-:serles mdlcated that the dlscharge can be e

'."accuratelv .measured:by counters 1rnrnersed in‘the flowing umforrn T

.m1xture of radlolsotope and canal wate1 where the bottom or bldeS ;
C The




of a canal can be measured in a flovnng fraction of the - dlscharge if
-the radlolsotope was un1form1y mixed in the main stream

g

'-Measurement at Canal Capaclty

" Test program --»A second series of measurements was made
"’on the Yuma-Mesa A" Canal in June 1962, 16 months after the
~first test series.  These measuréments were performed to inves-
tigate the mixing lengths required to provide-an-accurate discharge
measurementi with the. canal flowing near the design capacity of
. 620 cubic feet per second.  Three phases, each. havmg several -
' .1sotope 1n]ect10ns were scheduled for thls test ser1es LR

._L'Phase 1, single 1n3ect10n mixing: tests 1‘1xed countsr d1stance -
. Mixing length experiments atilizing a smgle introduction of radio- -
. '-'1sotope were made to determine where in the canal cross sectlon
- a'single injection of radioisotope. would provide the best trans- -
. verse- m1x1ngf~:‘sr.£’a__ length selected to be appreciably shorter than
- that requirediiér uniform mixing.. The isotope was, introduced-
-into-the flow at the cen"r01d or at the surface above the centroid
-of equal flow areas. ‘estimated from current meter velocity dis-
‘tributions] 'Three counters were located at Station 60 or 1,000
‘feet downstream from the m]ectmn station for Phase 1. Flve o
- :equal:quantities of radiotracer’ (Gold-lﬁB) were injected at-differ-
~.ent times at four. different points in the cross section of flow at
_ ‘Station 50: (1) centerline surface, :(2) centerline: centro1d, (3) sur-
. face above left centrmd and (4) left centr01d Flgure 6 and Table
2A : L

3 The rmxlng percentages achleved by each set of three measure-
" ments were given-a prehmmary evaluation at the conclusion of =~
“ the series from ‘the mixing: equation (4); Results of the prehn'-—' ol
.. inary evaluation based on three operating counting systems, Lo
‘Tests’l, 2,:4,-and5, Table 2A, showed that the highest percent- 3
_age of" m1x1ng ‘was ach1eved for an 1sotope 1n;|ect1on at the center .
_;centrOId - W o : : x S

.?A m1n1mum of two addltlonal m_]ectmns of 1sotope would have been S
desirable, ' one at the :surface above the right centroid and one at
« - the: right centroid, to determme if flow . asymmetry existed be~
. “tweendhe injection-and eountmg ‘'stations: ‘Thereiwas evidence
-+ ..during this: P ase, of ‘the measurements to. 1nd1cate asymmetmcal fo
- flow, becausg:a hlgher/’cﬁtal ‘count was. reglstered by the system . . .. ]

.f_-‘on ‘the: right- side of thelcanal in Tests 1,. 2, .and 2 when' the ‘isotope’
.was. 1n_]ected at the center.. Reasomng would lead :to-the belief :
that for center 1n]ect10n in: a: symmetrlcal veloclty dlstrlbutlon




" a higher total count should occur at the center countlng system
with lesser counts at ‘both sides if 100 percent mixing is not
aChIEVed:f - :
'\f

A contr1but1ng poss1b1e cause of the: asyrnmetrlc flow was found

' "":',jby ‘the use "of dye,  to be:'caused by the openings of the check struc- .

~ture at Station 42+60.  Since the radial gates and all check boards
' ‘had been removed from the water to gain-additional canal capacity,
‘the natural unbalance and resulting periodicity of the: flow through

" the remaining apertures affected the mixing characteristics of the

. test section. Additional measurements were not made because of
time and rad101sotope limitations, ‘and because Tests 4 and 5
clearly indicated that with isotope 1n_'|ect1on on one side of the
;canal the 1sotope remamed predornmantly on that 51de. :

. Phase 2 smgle 1n;,ect10n rmxmg tests, varied counter d1stances -

- Mixing length experiments were continued with singie injections
oof radlolsotopes at.the center centroid of the flow cross section
. at Station 50. “The" ‘purpose was to-determine the length of canal -
TR requ;red to obtain uniform mixing for the center centroid- 1n]ect10n
;wh1ch had shown the h1ghest percent m1x1ng in Phase 1.

" One. mlxmg length test of 1,000 feet’ (Statlon 60): had been madeé in

' Phase 1, Test 2. Since no ‘high percentages of mixing had" been

: ..obtamed in:a: dlstance of 1,000 feet, a-shorter distance was not-

L -fde51rab1e therefore the- countlng systems were moved to Sta-— '_

o tion 65 ‘an increase of 500 feet, Phase 2, Test 6, Table 2B.

‘Two 1rregu1ar1t1es were read11y apparent from this rneasurement

(1) 85 :percent. mixing was obtained in Test:2, for-a 1, 000- foot
S mixing length;. and only 73'percent:was: ‘obtained in Test 6 for a.

“1;:500-foot mixing length, ‘and (2) more of the: isotope m1grated

" “to the. left ofithe canal centerline instead of to the right, although

“~the- dlscharge accordmg 10 operatlng records, remained constant, -

| ':"".:'fThe 500-foot increase:in mixing length and an approximate 50 per- i

i ;:cent ‘decrease’ in‘the" 1sotope quantlty were the only known d:.ffer—
____'ences between the two tests S P AT

"‘W11:h a: rmxmg length of_,_2, 000 feet (Statmn 70) for Test 7 81 per-
“cent'mixing- was obtained but a greater: quantlty of rad101sotope
was-counted on the right side of ‘the canal'than.on the left. A~
_,.-:comparlson of Tests'2, 6, and 7, Phases 1- and 2, 1rnp11es {1)'the -
. possibility. of smu051ty or. vort1c1ty in the:canal flow as_ suspected
+ from ‘Phase ¥ and*(2)-a: possible: relatlon between ‘the mixing*

'_.‘_1eng-|:h and.the’ quant1ty of ‘isotope.. In’ Test 6, at'a point -1, 500" feet

downstream from the 1n;|t.ct1on pomt al larger count’had been.
3 - 2,000 feet the' larger count" 3




.occurred on the r1ght For Test 2, 85 percent mixing had been
-achieved in 1, 000 feet for a single isotope 1n3ect10n of 269 mc;

-~ for Test 7, 81 percent mixing was achieved in 2, 000 feet for an

 -injection- of 122 mc. A ratio of the N/F2/ values between left,
-center, and right countmg systems for Tests 7 and 2 shows a
“distribution percentage.of 45, 41, and 49, respectwely "Thus,

" “‘the lateral distribution of the radlo1sot0pe at the counting PI‘ObeS

-was essentially the same ‘for the two tests but there may bean .
. implication of -some “unknown re1at1onsh1p between the isotope
o quantlty, _ countmg system sens1t1v1ty, and mtxmg length

Mtxmg 1engths for Tests 8 and’ 9 were mcreased to 2 500 and

3, 000 feet, resultmg in 94 and 98 percent mixing, resPectwely
 Test 8 showed'a higher total count on the right side of the:canal

" .as did Tést 7; Test 9 showed almost equal total counts at the

" left and center, "Thus, as the test 1ength was mcreased ‘a more |

o _un1form mixture was- obtamed

. '..»After completmg Phase 2, analys1s of the data showed that 98 per- .
“cent’ mixing for a single injection of: radlolsotope had occurred = -

- 3,000 feet (Statlon 80} -downstream from the injection station.. .
_"The results also showed the possibility of obtaining a high- per- =
_centage of mixing in a distance.of 2, 500 feet. - Because the next
" series of measurements was des1gned ‘to prowde information on

. ‘both- accuracy of: measurement and percent mixing for the simul-: =
~“-taneous:injection of . mu1t1p1e quantities of radioisotope, a length ~
v, 0f.2,7000.feet (Statlon 70):was chosen for the location of the count- - -
o lng systems Thus, ‘if. multlple 1nJect10ns resulted in improved

- mixing;and discharge: measurement accuracy, the effect could
*.best be: shown ata. canal cross sectlon where there was 1ncom-

SR plete mmng

| Phase 3 mul‘tlple 1n3ect10ns, flxed counter d1stance --—Four l‘
~Introductions:of the isolope divided intoiwo.or three parts

":-"-‘{'-were ‘used-in Phase 3:Table 2C. ‘The: quantlty of ‘isotope was .-

. “about 55°percent’ greater than for Phase 2 and 30 percent less'
; ;than for Phase 1” : . : o a3 -

A quant1ty of rad101sotope d1v1ded mto two parts and 1ntroduced :
at the left and right surface above the centroids-of the :flow areas “.’_:.' '
at:.rStatmn 50, resulted in:99 percent mixing. at Station’ 70, Table .
2C, "Test 10, Th1s result was’ unexpected and- surpr1s1ng when .

compared to the percent mlxlng obtalned from n1ne prevlous tests . :




' _.M1x1ng percentages for. Tests. 10 11 12 and 13, were 99 92
94, and 93 percent,. reSpectwaly Test 10 was. surprlsmgly h1gh
_when compared to Tests 12 and 13, Table 2C. -Reasoning during
- the planning of the tests indicated that for uniform conditions of
- flow a greaterinitial dispersion of the isotope at the time of in-
- .jection should.produce a greater percentage of mixing. With the
.o exception of Test 10, the number of - 1n3ect10ns seemed to'have
~little effect. ~The: d1fferences in mixing percent noted in’ md1v1dual
_tests are.easily accounted for in the fiow. 1rregu1ar1t1es noted-~
. ‘from Phases 1 .and 2.and from the possible.variation in computmg
~“the total counts for-'the individual counting systems. In Test 11,
water: seeped into.a connector.on the- counter probe, . voiding the :
' .measurement on the left side of ‘theé canal. A’ different percertage
. -of mixing would: probably have been obtamed had a measurement
" ‘been available: from this portion of ‘the flow, Larger variations -
-in percent of mixing were expected in'this test series; those ob-~
. tained do not perrmt any def1n1te conclus1ons

| "'---Interpretatlon of Results -

' ,'.A rev1ew of each test series shows an apparent cons1stency in: the

s ‘measurements for a fixed mixing length. In"Phase 1 with one excep-'_ .

£ _-tion,.'the mixing percentage was 80 to 85. percent, .and ‘Phase 3, 92to"
.99 percent;: ranges-of 5 and 7. percent ' Not as much benefit was re~ -

- alized. from the muitiple injections as’ was expected. However, -for

“isotope: quant1t1es reduced from about 270 mc in Phasel to 190 me -

“"in Phase 2, an increase of about 10’ percent:in the miking quality was = -
achleved in. an- addltlonal 1 000 feet of length by the use of mu1t1p1e A
?-,_‘1n;]ect10ns Lo Lo el e

In Phase 2 a centerhne centr01d 1n3ect10n of 1sotope Tests i and :
8, produced 81 percent mixing in 2,:000 feet and.94 percent in 2, 500
-..feet Multlple injections at-the: three centroids for a:2,000~ foot S
Em1x1ng length Test:13, produced about 93" percent rn1x1ng to 1nd1cate
';some lmprovement over the smgle 1n3ectlon

Phase 2 wa satlsfactory in. prov1dmg an 1nd1cat10n of the change 1n
he. degree of'mixing with changes in/test: 1ength over a distance of
1 _],_,,.Another series of: measurements with:several 1n;|ect10ns
£: -s1ng1e 1sotope quant1t1es for each m1x1.ng 1ength would prov1de

nformatlon""'n he 1nten e_d _urpose ‘bu an msu.fflclent nurnber of -




S ;rn'easur'e"rnents:‘were_rnade to '.prOVideradequ'ate"statistica.l-data on o
~the" mixing charactenstlc s.  The results of the tests show, as in
prev1ous stud1es, that PR : SR .

1. S1mu1taneous multlple 1n]ect1ons of rad1o1sotope Wlll prov1de
.4 higher probability. of um_t'orm m1x1ng 1n shorter lengths than, :
. f‘wﬂl smgle 1n3ect10ns L :

| 2 The effect of the mu1t1p1e mJectlons may not be as great as -
S ;_ant1c1pated : R - Lo

S '.3 Repllcatmn of 1nd1v1dua.1 tests w1thm the ser1es de51gned for

-'_,the Yuma-~Mesa. experlments would probably produce" statlstlcal

. . -datafor defmmg a mixing length equatlon for.a’ stratght sect1on
7 :of‘canal’ the size of the Yuma Mesa "A" ' = :

_ _*.4 The length requ1red in: the Yuma Mesa "A" Canal for 98 to
- ‘_.99 percent mlxmg 1s about 2 500 to 3 000 feet ' ' .

Rad1o1sotope D1ffu51on o

RAREES ‘.Although there were an: 1nsuff1c1ent number of: measurements ava11- e
. iableto. ‘'satisfactorily explain the mixing: characteristics of the flow. -
. .-onthe Yuma-Mesa'Canal, the data were used to compute approxi-
-;_'mate -values‘of a diffusion coefficient. < The diffusion coefficient
i :expressés the-rate of dlspersmn of the: radlolsotope ‘both longtudi- - o
- nally:and: transversely in-the“canal water.” Two methods:-of: compu-n,- o
. “tations were available:: the first. relates: the dispersion of matter . .. .. -
~:to:the" boundary shear and the rate of energy. dissipation in the: flow e e T
‘system,’. and the- second relates the d1spers1on to the concentratlon T
of_matterw1tht1rne : S ST L oo FT TR

.The theory of turbulent d1ffus1on has an. ever Wldemng attractlon for _
study:by. physicists, :mathematicians and engineers. A study: p0551b1y ﬁ
;most closely related to: the: Yuma-Mesa)_tests was- the work of S1r T




,AS1r‘Geoffrey Taylor presents the equatmn for a wrtual coeffwlent
..ofx d1ffusmn in-a p1pe as. Ee s T : _ _ :
210 I(av.\.) L e e (5)
v1rtual coeff1c1ent of d1ffus1on (square feet per second

pre radms (teet ft) S
-‘~shea.r veloc1ty (feet per second fps)

'Where S s the slope,of th ‘e'nergy gradlent Of the open channel .
R ‘hydraulic.rad ‘ =1

Table 3, resulted in-two. qulte 1fferent
( {In"1962: for:a: dlscharge of 295" cub1c feet per
‘as_rcomputedﬂ o.be: 8 '4,.ft2/‘ ' 1 ;




ij The" rate of energy dlss1pat10n per unlt mass of ﬂu1d in'a broad
-channel 1s defmed as : . . : > :

--:'--where U is. the mean veloc1ty ~is. the acceleratlon of grav11:y and L
g 'ij is the slope ‘of the energy gradlent S : '

]'.n the Yuma Mesa tests, Table 3 the volume of water. for energy

. .dissipation for:.a given mixing length increased by only 13 percent
* between the 1962 and ‘1963 series (depth change 10.5't0 11,3 feet)

- “while the: energy slope increased: nearly -2,-4:times (0. 0000283 to - o

0. 0000666). The cha.nge in-the rate of energy dissipation per unit
. .volume of water:(that'is,  in E "and'the size:of the eddies):between
.1962-and ‘1963 is beheved to be.in part reflected’in the increase

i from 8 4 to 13.9. ft /sec in the values of -the d1ffu510n coeff1c1ents.';

'_'D1ffu51on Coeff1c1ents from Concentratmn D1str1but1on

A second method of: comput1ng the d1ffu51onw._oeff1c1ent K ‘was

. also: avallable from Taylor's work. 3/ If it is. assumed for a
" “.straight open channel, as witha pipe, that the concentrat1on of -

"'.ﬁ.-d1ssolved materlal at tnne t and dlstance X is equal to

C ;."_2_1_-2 7"3/2(K)1 /21:1 /2e-(X-ut)2/4Kt ::, IR

B then at any tune after the 1ntroduct1on of the tracer the concen-

“tration distribution: can bé:assumed to have nearly- a gauss1an or -
normal distribution. . According: to Taylor Equat1on (7) may be i

solved to”obtam the relat10nsh1p :




.. -asymmetry encountered with all of the concentration curves and

- .the'way in which the values were used to compute tg 5, Figure 7.
.. From each of the concentration curves, the time, ty 5, was com- :
- puted with anaccuracy commensurate with the amount and: frequency S
- of the data defining the curve.. The scaled time, ‘tg. 5. along with -~ |
‘the mixing length. dlstance was used-to compute the d1ffu51on s
tcoeff1c1ents Table 4 Values ranged from 0.7 to 15 ft / sec

=A frequency d1str1but1on curve of the. dlffusmn coefflclents for all .
“of 'the 1963 tests: shows 68 percent of the total K values to lie -
. ‘between 2,9 and 8, 6 'ft2 [ see, with a mean-.value of about 5.6, 'In.
“general, the indicated diffusion coefficients were lower for the :
_.\_‘."shorter mixing distances than for the longer- distances.  The mean
- of: the diffusion coefficients for the multiple’ 1nJect10ns Testsl‘O to .:

R .“, 13 was hlgher than for smgle 1nJect10ns

o '-The mean dlffu51on coeff1C1ent 5, '8 ft?- [sec computed by the concen- I_ :

‘-tration method was approx1mate1y four-tenths of the'13.9 ft2/see
‘. computed from the measured energy slope in 1963 and about two- -

.. "'f__..th1rds of the 1962 coefficient-of 8.4 ft2/sec. No comparison was
‘ --,_pos51b1e for: coeff1c1ents computed by the c0ncentrat10n method: 1n L

1962, because the. radioisotope was" 1ntroduced irto the: .canal flow .
:'jover an extended period of time in’ 1962 whlch produced a marked
-'."asymmetry in the concentration-time .curve, 'In'1963; the: 1sotope ;

- CWas: -introduced almost: mstaneously to disperse-from nearly a:

.. point. source with respect to'the area of the ‘canal cross. section.:

o The. 1963 method- of: 1ntroduct10n thus produced a rea sonably we11

i f-.l_-.i‘ defmed concentratlon curve. .

Conclusmns

_The half-capamty and full capac1ty tests performed on the Yuma—
‘Mesa ""A'".Canal provided information-useful'in developing tech-
?;111ques for. using: radlolsotopes in-open: channel- dlscharge measure-
ments and produced:data-useful’in: ‘establishing minimum. ‘mixing -
e_ngths. ‘However,’ anaiyszs of ‘the’data:showed that ‘each test serles
was;limited in:scope and.that an insufficient number:of: measure-.-'
ments:had been: made tor prov1de firm.statistical’ data on. m1x1ng
charactenstlc s. Thef esults of the te_sts show ' T

. --‘Tha .W1th adequate m1xmg of the rad101sotope a.nd canal
water, dlscharge measurement:accuracy of: about: 97 percent
r_'_greater is. p0551b1e when compared to'current meter d1s-i




' 2. A d1stance of approxunately 2, 500 to' 3 000 feet is necessary
_“to:produce:98-to 99 percent mixing in a canal having the hydrau11c
: Operatlng characterlstlos of the Yuma Mesa Canal :

R .. ,,The use of a dl.ffusmn coeff1c1ent value of. about 6 5 ftzlsec
. j;-and a: t1me factor of ..0 5 = 65 seconds Ain‘the equatlon L
P, 5)

..:.ﬁ_l.-.f'_‘ ..‘_- | K- _4 X ]_n 2

S will give. the minimum. mnang length X, for a stra1ght sect10n
ooof canal the size and slope of the Yuma-Mesa., o :
o A Smultaneous mu1t1p1e mJectlons of tracer W111 prowde a.
e hlgher probability of. un1form mlxmgf’ in. shorter lengths than
wﬂl smgle 1n3ect10ns R ‘ - ‘ S
"'5 I-Ilgher diffusion coefflclents w111 result from mu1t1p1e s1mu1-
Lo taneous. m]ectlons of radioisotope than from. single injections;
©.although the iricrease resulting from double or trrJle m]ectmns
BN -may not be as great as mlght be ant1c1pated e '

6 Desplte the d1ff1cult1es encountered in determmmg the mlxmg
._"_'.-1ength and: d1scharge measuring accuracy, the Yuma-Mesa tests
o rshow: that ‘with: sufficient'data from tests.on canals of various . =
0 sizes, ml}mng length equations. can. probably be derwed for canals
o 'havmg a. m1n1mum oiturbulence o R . - :
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APPENDIX
- (Notations) -

have been adopted for iise in this paper:

pipe radius




=.yolume. of radioisotope .

N . e,

= fractional part
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" FIGURE 1 _ -
'REPORT HYD-527. [
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Figure 2
Report No. Hyd-527

Counting system for radioisotopes at current
meter cableway, Canal Station 18+50, counter
probe suspended from cableway pulley, scaler

B. Assembled counting systems on canal road-
way and.in boat, Canal Station 80.

YUMA-MESA CANAL
RADIOISOTOPE DISCHARGE MEASUREMENTS
METHODS OF USING COUNTING SYSTEMS




Figure 3
Report No. Hyd-527

A. Pouring method of intioducing radioisotope into
¢anal flow. d

I
|

maf

Impact method of introducing radicisctope.
(Chamber near water surface was immersed
and bottle inside was crushed to introduce
isotope.)

. YUMA-MESA CANAL _
RADIOISO” OPE DISCHARGE MEASUREMENRTS
METHODS OF INTRODUCING RADIQISOTOPE INTO CANAL FLOW
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_ _ CONVERSTON FACTORS—BRTTISH TO METRIC THITS OF MEASUREMENT
" The fallowing cenversion fectors edopted by the Buresu of Reclamation are thope published Ty the Ap#rican Society for
Tegting and Materials {ASTM Metric Practice Cuide, January 1964) except that additionel factara (%) coomoply used in

the Bureau bave been added, - Further discussion of defirdtlcns of quantities and wnits 1z given on pages: 10-11 of the .
ASTU Metric Practice Gulde, - : : g s e : : .

© The metric units and cornversion factors sdepted by the ASTM are besed on the "Icterneticmal System of Undts” (designated .
! 81 for Systeme Interrational d'lindtes), £ixed by the Intermatliopal Committes far Welghts end Messures; this gystem ie
- . alse known ap the Glorgl.or MESA (meter-kllogrem {mess)-second-ampere) fystenm, -Thie system has been adopted by the
. Ipterpaticnal  Grgmmization. for Standardigation in ISO Recamendation R-31.. - . T o
The metric techricel unit:of force 18 the kilogram-force; this ig the force which, when applied to a body havirg.a
- mass of 1 kg, glves It an acceleration. of 9,8066%. B/sec/sec, the standard ecceleration of free fall toward the carth's
_center for e=a level at 45 deg latitude. The metris unit of foree in SI wdts 15 the newton (N), which i3 defined as
-that force which, when applied to a body baving & mess of L kg, gives 1t en scceleration of 1 m/Bec/sec, These.umlts..
. st be distingwiahed from the. (incemstant) local wedght of ‘a body having o mass of 1.kg;:that is, the weight of &
body 1s that force with which a body is. sttrected to the earth ard iz equal to the zass of 'a body multiplied by the
- aceceleratlon due to gravity,. . However, b itdasg 1 rractice to use "peund™ rather than the technically e
| correct term "poupde-force,” the term "kllegran" (or derived mass unit) bas been used in thia guide instesd of "kllogram-
" force” ip expressing the conversion factors fav forces. The newton unit of force will fird increasing wre, and 18
- essentinl in ST umite.. = i C : - - - o RREEE
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QANTITIES AND UNTTS OF SPACE
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- Weron
M1limeters .
Centimvtera = .
“Centimaters - -
Meters
Klomsters

. Meters
Meters |
Ellometers

LMl .
.Inches

Feet ...

- Yado, - :
Miles {statute)

I

R ]

.Square AnCHEE. . . a.. a.a's - 6,4516 (exestly) . . Square centimeters . .-
© Square faet, . . . .929.07 (exmactlyke, .o .l... .. . Square centimeters - -
e ey . W D.092903 (exactly) . . . .. Square meters .
' Bquare yarde | Caiwiaem .. D.B36127. 0. L. : Square meters
Y R © 0.40469 e .. Hectares. = ..
R T R LR A e -, Square meters = .
mles .. L. L. - | L . i, Square kilometers

| ot Teben T L T68m. . ... . cobdc cemtimsters .
Cubic feet | . v owlW 0700287168 | ¥ L+ . o Cuble meters: ..
; Ll . Cuble meters i

e : . Jal e
" Fluiad emoeen (U,5,) . L LESSTRTL . S a .. .i.n) L Guble centimgters.
Liquid pints (T.8.). .0 © - ) T o ublic -decimeters
Cuble. centipeters -
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part f the USBR cantinuing p
it prac_tlct_zs-_—pt:ovide_d useful infor-

d irrigation canal with a dealgn discharge of G20 cfa.
total-cotint radioigotope method was used for 65 dis-: " -
menta, ¥ Consistency of the radloisotope method

ing up.io 4 portable Geiger counting sysiems, .-

(1) ‘With adegiiate mixing of radioisctope and

coiivacy of 87% or, greater is pogaible when compared '5

with current’ meter discharge measurements, {2) In a canal with.
hydraulic tharacteristics similar 16 the Ore tested, 3 2,500~ to .
3 {xing lengih is needed for .98 fo 88% mixing.. {3} Mini

iing length hay. be’computed fok gimllar straight canals . =
iffusion coefficient and time factor developed from: thes

) Simultaneoiis multlple. injectionsiol tracer.will provide /. : .

highor probability of uniform.mixing. in shorter Tengths than will -
sirigle. injections and also reault {n highér diffision coefficlents.
{5} With sufficient data {romi‘canals of variens sizes mixing lenpgih
ations ‘cain probsbly be derived for canals having a- minimum of
rbulence, /. Furthér investigation:is needed to refine the Hmits~
: les 1hat 1 m : wil R

L}

“A’ study uslng radicisotopes=-a part of the USBR continulng program’ ..
o imprové water measurement practices--provided tseful infor--:" " -~

rements and data for establighing minimum mixing .-

{ Half-capacity tests in Feb:1962 and full:capacity tests

June 1863, using Gold-188 were made In & straight aection of a

3 te-tined irrigation canal.with a design discharge of 620 cia.
58" 01 al-cotint radioisotope method was used for 65 dis-
measurementa,  Considtency of the radioisotope method .

! ‘ ¥ uaitg up to 4 portable Geiger counting systems.
. Conclusions were .fl) With adequate mixing of radioisotope and ..

curacy of 97% or greater is possible when compared; - -

.with cirrent' meter. discharge measirements. ' (2) Ina canal with-;
hydraulic characteristics similer to the one tested, ‘A 2; 500~ to
*3; D00-1t mixing length is ngeded for 28 to 90% mixing, . (3) Mini-
ixing length may be compited for similar straight canale
diffusion coefficient and time, factor developed from. thege -
tey 4) Simultanéous multiple injections of tracer will provide -
higher: probabjlity of uniform mixing in shorter lengths than will
ingle. injectiona and also result in higher diffusion coeificlents. -
ciant data frot canali of various siZes mixing length
probably be derlved for canala having:a minlmum of .-
/. Firther investlgation 18 needed to 'refine the limits
gt L,

ontrel mixi

mation for.devaloping radioisatope téchniques in opén channel dis-’ . .~

ABSTRACT .

A ‘study using rndiﬁiaotd;’aéﬁﬁ part of the USBR ébrilini.li‘ng'prbﬁﬁrﬁ

. to impreve water, meaaurement practlces--provided uaeful infor-

mation for developing radicizctope techniques in open channel dis-

_charge measurements and data for establishing mintmum mixing
. lengths, ' Half-capacity tests In Feb 1662 and full-capacity teats

in June. 1863 using Gold- 198 were made in a siralght séction of a

_‘concrete-lined irrigation canal with a dealgn dlacharge of 620 cfs,

" The pulse or-total-count radicisotope method waa used for 05.dis-

-.charge measurements, Conppistency of the radiolaotope method

was evaluated hy _usln% up'to 4 portable Geiger counting syatems,
1

Conclusions were: - {-(1) With adequate mixing of radioisotope and -

. canal water; accuracy of 97% or greater ia posaible when compared. -

with current meter diecharge measurementa,. (2) In s canal with

_hydrailic characteristics gimilar to the one tested, &' 500=--to
.3, 000- 1t mixing length is needed for 98 to B9% mixing, -

;. o ini-
mum wmixing length mey be computed for similar straight ::ai;nla .
using a diffusion coefficlent ind time factor developed from these

;tests. < {4} S{multaneous multiple injections of tracer will provide’

higher probability of uniform mixing in shorter lengthe than will

" single injectlons and algo result in higher diffusion coefficients,

{5) With sulficient data from cenals of various sizes mixing length
eqiiations ean probably be derived for canals haying & minlmum of

“turbulence, / Further investigation is needed to refine the limits

of variables that control miking.

ABSTRACT -

A Btudy using ;ndib_lsbtbpeq\-"-é part'af the USBR continuing program
to tmprove water measirement practices--provided useful infor- .

* mation for daveloplng radioiectope techniques in open channel dis-
" charge measurements and data for establishing minimum mixing

lengths. - Half-capacity tests in Feb 1562 and full-capacity tests
in June 1963 using Gold- 198 were made in & straight section of a

. concrete-lined irrigation canal with a design diacharge of 620 cfs. -

2. The pulsa or total-count radiolsotope method waB used for 65 dia-
. charge measurementd. . Consiatency of the radlolsotope methed

- wai evaluated by using up.to 4 portable Geiger counting systems,

“Conclusions were: [ Fl.

Y With adequate mixing of radiolgotope and .~
caiial water; accuracy of 97% or greater {8 posalble when compared
with current meler discharge megsurements, . (2} In a canal with "
hydraulic characterigtivs similar. to the one tested, a 3,500-to -

" 3, 000- It mixing length i8 needed for:98 to 09% mixing, (3) Mini-

mum mixing length may be computed for similar straight canala

I using a diffuaion coefficient and time factor developed from theae i
_tests. {4) Simulianeous multiple injections of tracer will provide
- higher probability of uniform mixing in-shorter lengths than will

single injecticns and alsc reault in hlg’her_ diffusion ¢oefficlents, . .
(5} With sufficient data from cenals of various sizeg mixing length

equations can probably be derived for canals having a minimum of .

" turbulence: /. Further investigation is needed to refine the limita - " .
*of variables that control mixing.” L S .
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