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The information contained in this report may nnt be used in any
publication, advertising, or other promotion in such a manner as
to constitute an endorsement by the United States Government or
the Bureau of Reclamation, either explicit or implicit, of any ma-
terial, product, device, or process that may be referred to in the
report,

Where approximate or nominal English units are used to express

a value or range of values the converted metric units in parentheses
are also approximate or nominai, Where precise English units are
used the converted metric units are expressed as equally significant
values. A table, conversion factors--British to metric units of
measurement, is provided at the end of this report.
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‘The use of radioisotopes to measure vaterflow is & part of the Bureau of
Reclametion program to improve water measurement practices. Measurements.
were made in the Salt River Project irrigation system in concrete pipelines
. 2, 2,5, and 3.5 ft in dia. A pitot velocity method wes used to measure the B
discharge for comparlison with the diacharae measured by the sudden injec-—

tion or total count radiocisctope method. “The gemple tapk and infinite me-

:dium techniques were used for counting the radioisotope activity. Accuracy . .

of the radioisotope measurement method could not be evaluated: extensively

‘because of the limited number of tests. Although relatively good repest-
‘ability was shown in measuring = given discharge by the radioisotope ne‘.n-
od, dischargea conrputed by the 2 methods differed by -7.3 to -l5. T%. ”r’ .

']ESCRIPI'GRS-- *d:l.scharge meagurement/ lradioactive 1sctopes/ trace:'n/ rie:l.d B

tests/ mixing/ pipes/ %radiation measurement/ velocity/ geiger counters/
test procedures/ pitot tubes/ concrete pipes/ pipelines/ injection _
- INERTIFIERS -~ mixing length/ irrigation uat.er/p S8alt River Project, Ariz/
‘scintillation counters/ *total count method/ gold isotnpes/ accuracy/

" sudden 1n,1ection method . : _
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FOREWORD

The investigation reported herein was a cooperative effort of many
persons. Facilities and people for assistance in the field work were © .
provided by the Salt River Project Water Users Association, Phoenix,
~ Arizona,, cooperating with Bureau of Reclamation regional and area . .
offices. - Mry T. W Lynch (dba) Lynch Radiation Services, Los Ange-
les, /Califorma, controlled the use of the radioisotope under contract
to the Regional Office, ‘Boulder City, Nevada. The study was coordi-
nated in the Divigsion of Research of the Denver Office of the Bureau
' by -personnel from the Chemical Engineering. and Hydraulics Branches.
~+ Mr; R. L, Hansen provided technical assistance in the field for radio-
~logical measurements. o ' : -

f . R = <

&




UNITED STATES |
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Office of- Chlef Engmeer .- Report No. Hyd-‘578

Division of Research . Author: Jack C. Schuster
Hydraulics Branch = .= . Reviewed by: A. J. Peterka
Denver, Colorado ‘ Submitted by: H. M. Martin

_ ‘September 1967

PIPELIN E DISCHARGE MEASUREMENTS 4VITH RADIOISOTOPES

N IN TRODU CTION
: )
When water is scarce, it must be conserved just as any natural re- -
. source. Consgervation requires accurate measurement of flows to
L account for the use and to equltacly distribute the supply.

‘Ag part of the Bureau program new water-measurement devices and
methods are continually being developed and older devices are being

- modified, adapted, and improved to obtain a higher measurement ac-
curacy. -Increased emphasis has been placed on the evaluation of new
and improved water-measurement devices and procedures, 1nclud1ng

_'the radloactlve tracer method

The development of the rad101s0t0pe method progressed in these tests
in 1964 as a result of a series of pipeline discharge measurements
- made“on the Salt River Project irrigation system near Phoenix, Ari-

..zona. Dlscharges measured by the radioisotope method wereg: checked:
using a primary measurement, the pitot velocity method. In addltlon
to the discharge measurements, resistance-to-flow coefficients were

A computed:for:the concrete pipe from head loss measurements ‘made *

‘during the flow:m=asurement tests. Benefits were thus achieved in
“two separate programs (1) accuracy of measuring discharge by the

radlolsotope method and (2) meaguring flow resistance coefficients of
.. concrete pipe. This report presents the results of the dlschargp

‘measurements. ‘The results of the resistance coefficient measure-
ments were published by the Salt Rlver Progect 1/ -

- SUMMARY '

' _'.'I_‘hree‘pip'e test sections, having 24:-, 30-, and 42-inch diar_n_eters,_'
were selected for the comparison; of the radioisotope and:pitometer

o R 1/Report on Re51stance Coeff1c1ent Tests Cast—-m-place Concrete

"Plpe T. T. Wllson, Jr. and Ed1b K1dar Salt Rlver Progect Phoemx-

L Arizona, December. 1966.




discharge measuring methods. A pipe test section included a length
of concrete pipe, inflow junctions where well water entered to sup-
plement the flow of surface irrigation water, and pipeline turnout
structures,’ Figures 2 and 3. Pipeline flows are usually held con-
stant for periods of several days or weeks; thus, the system was
-+ well suited for tests requiring a stabilized flow. ‘

A pitometer was used as the primary method of measuring the dis-
charge through the pipes. The pitometer is a special.form of pitot

' tube for measuring velocity head. The procedures followed in the
use of the pitometer were recommended by the ASME power test
code.

The sudden injection or total count radicisotope method was used
as the second means of discharge measurement in this study. A~
known quant1ty of radioisotope (Gold 198) was introduced intc the
pipe flow in a comparatively short time, Figures 5A, 6A, and 7A.
The concentration of the tracer was measured at a radlolsnt0pe
counting and sampling cross section, located downstream near the .
_-position of the pitometer, where the tracer was thoroughly mixed
- W1th the flow

The concentratlon of radlolsotope in the water mixture was measured
by two different techniques: (1) continuous withdrawal of water from -
the pipe through a "sample tank" containing a detector, and (2) im-
mersmn of the detector in the waterflow to represent an "infinite me- -
- dium, " Figure 7B. The "sample tank' technique provides a small
. fixed volume of water surrounding the detector. :The detector is cali-
brated in the tank using known concentrations and then is used in the
" game tank to measure the concentratlon of radioisotope - water mlxture
'-from the pipe. - o ; e o

. The "infinite medium' techmque is d1fferent in that a large volume of -
a homogeneous mixture of water and tracer around the. detector, as oc-
curs in a canal, is provided during calibration, The container repre- .
: sentmg the canal during calibration was large enough that any increase -
in the water volume surroundmg the detector would not change the .
countl.ng rate. . ‘ _ o

The pipe dlscharge Q was. computed for the p1tometer method by in-
: tegratmn of the ve]oc1ty traverSe

CQ J/f vdA

e radlolsotope method by the equatlon--_:




Thus, if the velocity and radioisotope methods have the same
accuracy of measurement and are capably applied, @, should

equal Q,..

The discharges measured by the radioisotope method were compared
to those measured by the pitometer because procedures for using the .
pitometer have been published in the ASME Power Test Codes for
Hydraulic Prime Movers. No such code existed for the radioisotope
method: at the time of the measurements. In all discharge measure-
ments, the radioisotope method of measurement indicated more water
than the pitometer method, Table 1, Column 6. Differences in the dis-
charge measurements ranged from -7.3 to -15. 7 percent, The mini~
mum difference of -7.3 percent between the two methods occurred for
the smallest dlscharge and pipe. : :

The accuracy of the radioisotope method could not be extensively eval-
" nated because of the limi’<d number of measurements. Errors, pos- -
sible in both methods, may have prevented closer agreement between
the discharges measured by the velocity and radioisotope techniques.
Relatively good repeatability in measuring the discharge by the radio-
isotope method was obtained. Carefully controlled measurements by
the radioisotope method and another method having high order accuracy -
should be made in future tests to establish the probable accuracy of the ~
.rad101sot0pe ‘method.

INVESTIGA'I’.[ON

i

P1pe11ne Dlstrlbutlon System Descrlptlon :

The Salt Rlver PrOJect 1rr1gatton system surrounds the clty of
Phoenix, Arizona, with irrigation canals, laterals, ditches, and
underground pipe. The system is supplied with water from a series
‘of reservoirs, of which the largest is impounded by Roosevelt Dam,
" Figure 1. Because of the extensive urhan developments, many miles
of concrete pipe have been installed underground to prevent encum-
.. bering the residential areas with open waterways that might be un-
-sightly and . dangerous ‘These pipelines provided an excellent test .
ground for the determination of resistance-to-flow coefficients for "
cast= m-place concrete p1pe and the opportumty to compare dlscharge
measurmg methods. S

B Flfteen pipe test sectlons rangmg in sme from 24 to 54 1nches in
. inside diameter were selected for resistance coefficients tests and -

| were 1nspected cleaned, and prepared for test in the spring of

B 1964. A pipe test. secuon includes a length of ‘pipe,: inflow Junctxons

' -"""where well-water enters to supplement the surface supply of 1rr1ga- o

. " tion water, ‘and plpelme turnout structures, FJ.gures 2 and 3. -Op-
_.erational requ1rements of.the system prevent varying flow rates over

e short intervals .of time to.accommodate the testing program.: ‘Flows

are" usually held constant for perlods of several days or weeks, thus
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the system was verv weil suited for tests requiring a stabilized flow.
Three different pipes having 24-, 30-, and 42-inch inside.diameters
were selected from the group of 15 for cemparing the p1tot-veloc1ty
and radlolsotope techmques of dlscharge measurement '

Velocity Method of Dlscharge Measurement

: Usmg procedures governed by recémmendations in the ASME power
~ test codes, the velocity distribution was measured in. the test pipes.
These data were then used to- -compute the discharge. ' Velocities were
measured with a pitometer, a speclal form of a pitot tube ‘A U-tube
_manometer was used to measure tlic“differential head created by the
‘flow of water past.the specially constructed pair of orifices in the
single tube of the pitometer. One of the orifices reacts to the total.
- head (velocity head plus pressure head) and the other orifice reacts’
- only to the pressure head. The differential head indicated in the
TU-tube is proportional to the velomty head of the ﬂowmg wa.ter at t1p
~ of the pltometer

Ve10c1t1es in the cross sectlon were measured ontwo dlameters 90° )
_apart, at the downstream end of the straight pipe test sections, Fig-
ure 8. The measuring cross sections were located at least five pipe
diameters upstream from the pipe turnout structure. There were no -
.bends or obstructions in the pipe upstream from the pltometer to cause

nonumform ve1001ty dlstrlbutmns '

_ The area’ of the p:.pe at each veloc1ty measurmg section was computed

- from-accurately measured internal diameters. The. area was then di-

* vided mathematically into 5 equal concentric areas, Figure 4, The
_center between each of the concentric circles forming the boundary of

the 5 equal areas was determined by computation. The center location

of each of the areas was used to position the pitometer for 10 veloc1ty
meaSurements on each of the 2. dlameters,_ a0° apart

¥ D1fferent1a1 head developed by the 1mpact and’ pres sure. or1f1ces of the
p1tometer is shown in-the U-tube water. manometer used o measure, '

“Figure 8B Veloc1t1es were computed from the differential head in the L

equat10n
s cvng

B where C = the p1tometer veloc1ty coefficient estabhshed frOm a towmg '
R . ta.nk rating - : : '

B

' veloc1ty in’ fps :

accelerauon of grav1ty fpsps

dlfference in pressure head from pltometer :m feet of
ﬂowmg water o R




An 1ntegr-at1on method was used to compute the chscharge from the :"
‘measured VElOCltleS For a cy].mdncal ‘pipe, there are two con-"
venient: waysxof performing the mtegratlon and they both are based

" .on the equat1on
Q f vdA,"

- 'j"The ‘area. of a p1pe is: dA 21rrdr = 1rd(1:-)2 The. equation for the
- 'discharge becomes . ' o :

Q= r‘/:_ =vd(r®) or 2
oS

B where

r is the rad1a1 d1stance to the pomt of veloc1ty measurement
v ‘ig-the velocity, and' R is the radius of the pipe. The. 1ntegrals

8 may be evaluated graph1ca11y from a plot of v versus r4, or vr

“wyersus r. The area under the curve 1s then measured and the result

r.-.f1s multlplted by T or 2‘:1'

‘The second method of 1ntegra.t10n was chosen for cOmputmg the dls- :
- charge‘in this- -study.” A computer program was written to perform
" the integration.. For each successive pair of values of vr.and r -

L - from the test data, .points on-a ‘segment of a third degree polynom1a1
..were calculated us1ng Newton's interpolation formula with central -

% divided distance. ~A-Newton- Cotes integration formula using five sue- -

__'I_"_:cesswe ‘points on the. polynomlal was’ 1ncrementa].ly apphed to nu-
~_~merically integrate the area. under the curve. The I‘eSul‘l: is the
. __‘value of the- 1ntegra1 E :

The dlscharge Q is then obtalned by _; multlplylng the integral by 2 L
The: .computer program mtegrates ‘the velocity traverse and com-..
:putes a:___'gross dlscharge (Qg) for the p1pe. * . L |

luctio “m the gross -'fdls'charge Was made for the presence of the

pro':e te ‘area of the rod -in '.the'{.dlrectmn of flow, when

or:the. cyhndrlcal rod -
as; ta.ken as:1.25 t1mes .
A _d1scharge




S 'Table 1, Column 4, The value of aV was about 0.1 cfs (cuh1c feet '
. per second) in the 24- and 30- 1nch p1pes and about 0. 4 cfs in the
- 42 -inch: plpe o . _ '

s rfRad1olsotope Method of D15charge Measurement

S "_“The sudden 1n;|ect1on or toial count method of rad101sotope d1scharge g

" measurement was used in this study. - ‘A known quantity ‘A of radio~-

- isotopes, dissolved in a convenient volume vj of an acid-water mix-

. ture; was introduced into the pipe flow in.a: comparatwely short time, =
. Figures 5A. BA, and 7A. ‘At the measurement cross section down-

-~ ‘gtream near the position of the p1tometer where the iracer was . -

' “thoroughly mixed with‘the flow, the concentration of the tracer was

- determined from the gamma ray emissioris detected and counted by -

- Geiger-Muller or sc1nt111atlon counters- durmg the ent1re time of the’

_ 'Qi—;-tracer passage. 0 L _ x
“If the. concentratlon of the 1n;|ected rad101sotope solutlon 1s C1 and *
‘the concentration 1n an element volume dv. 1n the. stream at the, tlme '

t is C, then . : S

C V1 f(C C )dV o SRR 1)
'_ where dv.is the elemental volume, and C0 is the natural c0ncentrat10n

; of the stream

e The total volume V passmg the cross sectlon is related to the d1s-'_- R
charge Qr by V Q t. Therefore dV Q dt and ‘ :

.

:Because C 1V1 = A and 1f C is: the natural act1v1ty 1n the stream, the B
flow--rate becomes e L &

;:AE EERE SR

'%radlah.on detector arranged _to 1nd1cate the total ennssmns or
vity :at: the count1ng stat1ons, the number




;- T _
‘Inserting the value of the f C dt from equation (4) into equation (3)

and accounting for the background concentration Cé we find that:

..Qrﬁéﬁli. ‘.'_(5)'

Thus if the pitot velocity and rad101sotope methods have the same ac-
curacy of measurement and are capably applied, Qy should equal er

Test Preparat;ons Instruments, and Procedures

Test preparat1ons by Salt River Project personnel for the resastanr-e
coefficient measurements included the construction of redwood-lined
pits to provide access to the pipes at each end of each selected test
reach. Piezometers were installed, one at the upstream and two at

the downstream ends of each test reach using the followmg procedure. -
A gate valve and a 12-inch length of 1-inch standard pipe was sealed
into a'hole drilled through the. concrete ‘pipe wall. ‘The end of the
1-inch pipe was made flush and smooth to form a p1ezometer orifice -

at the inside surface of the concrete pipe. The 1l-inch pipe and valve -
also allowed the piezometer to be used for the 1nsert10n of the p1tometer -

- into the concrete pipe.

No sPeclal attachments on the pipe were necessary for the I‘alelSOtOpe |

discharge measurements. The radioactive tracer was added to the plpe '; :

. flow through irrigation‘water inlets, Figure 5A, or through manholes .
‘intersecting the test pipe, Figures 6A and 7TA. When introducing the . = -

. radioisotope, the solution was put d1rectly into the main body of the ﬂow
. to'be measured to prevent entrapment in an- eddy or, to prevent loss by

. chemical deposition on the sides of the p1pe The pipes were 4to 6 feet B
‘below normal ground surface. When the pipe was flowirig full and: under -

- pressure, the water partially filled the manhole. The .column. of water -
in the manhole: could possibly retain a part of the injected radlolsotope :
‘for an extended period-of time. If this did happen; it would ‘tend to-in- -
‘¢rease the measured value of the flow. A plastic fonnel and a 1eng‘th of
plastic tubing were assembled and used to guide the isotope golution
~.directly into the pipe flow, Elgure 7A.. For all of the introductions,

the radioactive solution'was, ;poured and.rinsed. from. a: .polyethylene: bot- T

tle. ‘Special. precautmns were maintained to. prevent the loss of any
‘part-of.the isotope solution: by contact with the concrete enclosure
1meta1 parts or from splashmg water SR Sl _

: Countmg of the rad101sotope—-water nuxture to. determlne N wag ac- _':
~ _complished by two dui‘erent techniques: (1) .continuous withdrawal of

) - water from the pipe through a "sample tank' containing the detector,
. and (2);immersion of the detector directly in the water: flow. Analysis

.and’ practlce have :shown that a-sample of & homogenously mixed radio-
n '-tracer 1n a stream can be wﬂ:hdrawn and courrted as a: dlscrete sample




~or as a small flowing Sample. In a properly calibrated sample tank,.
the total ccunt N meisured from the small flowing sample can be used
to compute the discharge of the main stream from .

where F, = calibration factor for the tank in counts
per unit of radioactivity per unit of vol-
ume per unit of time (counts per micro-
curie per cubic foot per second}.

The "sample tank" provides a small fixed volume of water surroundmg
the detector. Often the tank is made of metal, is cylindrical in shape,:
and permits direct contact of the detector with the radioisotope mixture

- withdrawn from the flow into the tank. In the Salt River Project meas-
urements, however, the detectoriwas placed in a dry well at the tank
center, Figure 5B. The dry well diameter was about one-fourth inch
larger than the 3-inch diameter of the detector case. :

The radiation counting system was calibrated in the "'sample tank' at
the exact position of use to determine (Fi), Figures 5B, 6B, and 7B.
" This method of calibration was used because previqus measurements
in other tests showed a pronounced effect on the calibration factor Fy
- caused by the tank surroundings. A part of the original radioisotope
solution was prepared and reserved specﬁlca]ly for this purpose.

_:Fleld ca.hbratmn of the system was carrled out as fo]lows

1. The sample tank was placed in‘the. p051t10n of use and was then _
--f111ed with water from the pipeline, using the portable pump later -
reqmred for. pumpmg a, contmuous sample. .

" 2. The background count C, was then measured for each system to
" be used by placmg the detector in the dry we]l of the water-fllled '
tank. . :

3.'. A 25—m1 cahbratmn quanuty of Gold '198% {about 15 m1crocur1es)
‘was placed in the tank and air was slowly bubbled through the water

. for 20 to 30 minutes-to. uniformly mix the radioisotope and water.

-+ .'The concentratmn of the mixture of water and radicisotope was sSuch:
;- that the emission rate would not exceed the. countmg capac1ty (counts" :

: per second) for the detector and c0unter ' : - S Loy

;. _-*Note A and F (Equatlon 5) are related through the same cali-
_ - .bration:standard to eliminate the need for a determination of -
e ;absolute values of ‘radioactivity, normally caljbrated in-counts
.per. second (countmg rate) for a known dJ.lutlon of rad101sotope '
..1nwater - SR B T R :




4. The detectors were agaln placed in the tank well and the gross
‘count with respect to time {counting rate) was determined for the
radioisotope added to the water and the background. A net count
for the rad1o1sotope-water mixture was computed from the back-
ground and gross count measurementi.; The net count rate was used
‘with the measured tank volume and: the amount of Gold 198 to de- * -

.. termine the:calibration factor F (ceants per. second per m1cr0cur1e'-
per-cubic foot). -

The total count N of the radlollsotOpe"wlater mixture can also be
‘measured by immersing the detector inthe main stream of flow. A
calibration factor must be obtained for conditions simulating the de-

tector in a large volume of water. The stream discharge can be com- |
_puted from- - - ' .

Qr FVA,: , where
SEEE F = ca]lbrd_tlon factor from known large volume,

N = total-count from detector'in Strea'm

L Note- A and F are related through the same calibration’ standard to
ehmlnate the need for a determination of absolute values of radio-

: .act1v1ty, normally calibrated in counts per second ( countmg rate) for

Sa known d11ut10n of- rad101sotope in water \il E

. -The countmg systems were ca_hbrated for the ' 1nfm.1te med1urn meas-—iy,.
_-urempnts by -determining the counting rate of the detector: submerged '
ina large container filled with a -homogeneous mixture of water and .

L -radlolsotope of known concentratmn ‘The concentration of the mixture
- -waSﬂad]usted to give an emission rate that would not ‘exceed the maxi-
C.oTnum; counting rate-of the system. 'The container size was large enough
;that anyincrease:.in the mixture volume surrounding the detector would -
... -not change the counting rate. 'Determination of the" ‘counting rate in this
. _manner ‘simulated the. pos1t1omng ‘of the detector in the pipe turnout - . .
s *-structure, Figure 7B. ‘The volume of the Plpehne turnout structure ¢ -_"*\Eﬂf
:exceeded the requlrements for an mfuute volume measurement ofr
rad1o1sot0pe cOunt : : Bt

,-"Dlscharge _Measurements and Results '

both pos1t1on1ng of- the p1tom-
d ' ed_by ‘the onﬁces :




~at the manometer, F1gure SB Temperature corrections were made

as necessary to convert the manometer reading to the equivalent head

in feet of water. The results of these measurements, discharges for :
the three test pipes, are shown in Column 4 of Table 1. :

~Radioisotope discharge measurements were made concurrently with the

velocity traverses. The isotope-water mixture was withdrawn from the

‘test pipe in one case through a pitometer access pipe, Figure 5B,
through a manway, Figure 6B, or through a pipe turnout structure,

- Figure 78, to prowde the flow for the sa_mple tank. For discharge
‘measurements by the "infinite medium' method, a detector -was im-
‘mersed in the flowing water in the pipe turnout, Figure 7B. Count- .
ing systems were located, convenient to the position of the detec;orsx.'- :

. and the ccant was manually recorded with respect to stopwatch tlme

,Dlscussmn of Results

B during the passage of the rad101sot0pe-water mlxture

Durmg the period required to make the velocity traverses there was
‘sufficient time to make multiple discharge measurements by the radio-
isotope methods; two were possible in the 42—mch four 1n the 24~ mch

a.nd seven in the 30-1nch plpes Tab'.le 2. :

Dlscharges measured by the radioisotope method were compared to ™

those measured by the pitometer. Measuring procedures for the p1tom-_ o

eter have been established by an ASME code and the pitometer,.method-

can . be considered a primary measurement. No such code existed for:

« - -the rad101sotope method at the time of the measurements The-equa—
"tlon used m the comparlson was . )

Qr

V.
Q.

x 100

' Percent difference =

iy Pl -where Qy p1tometer method dlscharge

AR I _.'.and : Qr- rad1o1sotope method dlscharge
---The rad101sot0pe method measured more water than the pltometer in’
. -each of the three pipes, Table 1, Column:6. Differences inthe dis-.-
"-“-.;charge measurements ranged from -7.3to <15.7: percent.. The mini- .- -
LLIAum: dlfference :=7.3 percent:l between the two methods, as measured T
for: the smallest dlscharge and p1pe e - o o

The' velocxty range among the p1pes was not large 1 82’ to 2 79 fps, .
but the dlscharge in-the largest pipe was about three times. greater than
tiin:the smaller pipes.  In eachpipe the mixing length was;sufficient;
the minimum: ‘being:about: 410 diameters in.42-inch pipe, both’ foridis-/.
ersmn%'of: the radlolsotope m:‘the _p1pe water and for estabhsh:mg a good




velocity distribution. The length available for mixing was ‘about
410 diameters minimum and about 1, 260 diameters maximum.

No major faults could be found in the application of the two methods
of measurement but several possibilities for error existed in both
methods. Because of the low velocity of flow, the velocrty head
measured by the manometer was small., Slight errors in reading -

the differential head may have resulted in too small a discharge. The
pitometer velocity coefficient might have been in error in the low ve-
locity range, again producing too small a discharge.” ‘There may have
been slight errors in positioning the pitometer that resulted in errors
- in the computed discharges. The area of the pipe was -computed from
- four measured diametirs at each pitometer location, but-this number
may not have been enough to obtain an accurate area for the pipe.

‘Ten ve10c1ty measurements were made on each of the 2 pipe dlameters.
- An mcrease in the number of'measurements to give a better definition of
the ve10c1ty curve, especially in the 2.5~ and 3.5-foot p1pes night have

B _1mproved the p1tometer discharge measurement.

These factors had been thoroughly considered before the various guan-
tities were measured however, and the procedures followed were be-
lieved to bej sufficient to provide accurate results. All measurements ‘

. were. made as accurately as permJ.tted by field condltlons

' Several poss1b111t1es for error are 1nherent in: the radlolsotope method.
Calibration of the system depends on the accurate measurement of the

. . volume of radioactivity and on the calibration and positioning :of the.

" detector. The error in the computed dlscharge is directly proportional .
to the error made in measurmg the quantlty of the. rad101sot0pe Cali- .
bration factors for the ' sample tank" or "infinite medium" techniques can

 be in.error bécause of. errors in the measurement .of the small volumes

" of radioisotope. Additional errors may be made in measuring the volume
and thus the radioactive: quantlty to ‘'be added to the stream. Another er-
ror may be encountered in the counting of the emissions because of the
random nature.of the decay of the radlolsotOpe -Loss of radioisotope . -~ =

- after: 1n;|ect10n into the flow and before the mixing is. complete can- cause - '

theindicated’ dlscharge to be larger than the actual flow. There was no-
. evidence of loss in these studies; however, the fine clay. and some sed1- -

‘ ments 1n the plpes may have absorbed ‘some of the radlolsotope

‘In the 3 5 foot:pipe; the radlolsotope-water mlxture was w1thdrawn L
o '_,“-j.through the pitometer access pipe to'the tank from flow. adJacent to:the
~"-inside-pipe wall, - Figure 5B.  In the 2- and 2.5-foot pipes the:sample
Cwas w1thdrawn from the flow.away: from. the ‘pipe wall, Flgures 6 and :
7B, The method of w1thdraw1ng the sample or of: obtalmng the count: of
*emlssmns {tank or infinite medmm) d1d not result in maJor dﬂferences
in he computed_‘ 1scharge rates T N I T




The accuracy of the radioisotope measurements could not be ex-
tensively evaluated because of the limited number of measurements.
‘Errors possible in both the velocity and radiocisotope methods may
have prevented closer agreement. The series did show relatively

- good repeatability in measuring the discharge by the radioisotope
method, Table 2. Continued improvement in the techniques of appli-
cation and better control of the field environment factors may result
in better accuracy for the radioisotope method. '

Although the procedure used to calibrate the sample tank in the field
was time consuming, there was still sufficient remaining time to make
more measurements with radioisotopes than with the pitometer. A '
. variation, 1to 6 percent, in the calibration factors was found for the
sample-tank located at the three pipes. This variation reaffirmed our

previous finding that the effect of the tank surroundings must be con-
‘sidered for precise measurement of discharge. L : =

~ Further testing will be required to establish the probable accuracy
of the radioisotope method of measuring discharges at relatively low.
velocities occuring in concrete pipes. Comparisons of the values

. obtained by the radioisotope method with values obtained from other
" high order accuracy methods are needed to establish the reliability
_of the radioisotope method. o . -
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Report Hyd-578

Figure 1
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Report Hyd-5738

Figure 2
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Flgure 4

Report Hyd-578 °©
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Figure 5
Report Hyd-378

A. Tongs were used to introduce radioisotopes into
3.5-foot-diameter pipe with irrigation pump in-
flow of approximately 1.5 cfs.

B, Counting system for radioisotope discharge
measurement at pitot tube station of 3. 5-foot
pipe. Radioisotope-water mixture was withdrawn
from pipe through pitot tube access hole and
pumped through sample tank (from right to left--
counter on plank across pit, suction hose coming
out of pit tc pump, and sample tank). Water from
sample tank was discharged in underground sand.

RADIOISOTOPE DISCHARGE MEASUREMENTS

Injection and Sampling Equipment for 3.5-foot Pipe

SALT RIVER PROJECT, ARIZONA




Figure 6
Report Hyd-578

A, Tongs were used to introduce radioisotopes
through manhole into 2 -foo.-diameter pipe.

B. Simultaneous hydraulic and radioisotope dis-
charge measurements in 2-foot pipe. Sample
tank pump withdraws water from manhole at
downstiream end of 2-foot pipe.

RADIOISOTOPE DISCHARGE MEASUREMENTS

Injection and Sampling Equipment for 2-foot Pipe

SALT RIVER PROJECT, ARIZONA




Figure 7
Report Hyd-578

Radioisotope introduction through manhole into
2, 5-foot pipe at junction of 2-foot pipe (note
plastic funnel and plastic pipe that extends into
2. 5-foot pipe).

80 :

BN SR TR N
=& ‘7 st
a4 a3

)§§\\\ SR

B. Scintillation and Geiger counting systems for
sample tank and "infinite medium' discharge
measurements.

(Seintillation probe used in sample tank. Geiger
probe attached to rope in foreground and submerged
in water in turnout)

RADICISOTOPE DISCHARGE MEASUREMENTS

Injection and Counting Systems in 2. 5-foot Pipe

SALT RIVER PROJECT, AIRZONA




B. Reading pitometer differential
head on manometer with
magnifier.

RADIOISOTOPE DISCHARGE
MEASUREMENTS

Velocity and Pressure Head
Measuring Equipment

SALT RIVER PROJECT, ARIZONA

Figure 8
Report Hyd-578

Pressure and veloeity head
measuring equipment at
pitometer station in

2. 5-foot-diameter pipe.
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Eursan of Reclamstion

CONVERSION FACTORS--BRITISH TO METRIC UNITS OF MEASUREMENT

-The fcllewing conversion factors adopted by the Bureau of Reclamation are those published by the Ameriean Soclety for
Testing and Materials (ASTM Metric Practice Guide, January 1064) except that additional factors (*) commonly used In
. the Buresan have been added. Further discussion of definitions of quantitles and units 1s given on pages 10-11 of the
_ ASTM Metric Practice Guide. . - ’ : :

The metric units and converslon factors adopted by the’ ASTM are based on the “Internationzl System of Units" {designated
ST for Systeme Internaticnal d'Unites), Hzed by the International Commitice for Welghts and Measures; this system 1s -
.also known as the Glorgl or MESA (meter-iilogram (wass)-second-ampere) system. This system has been adopted by the
International Organization for Standardization in 30 Recommendation R-31. : .

The metric technical urdt-of force is the kllogram-forcee; this is tha forae which, when a.g?.l.ed w0 & bady havinga -
-mass of 1 kg, gives it an acceleration of 9, 80865 m/sec/sec, the standerd acceleration of free fall toward the earth's
senter for sea level at 45 deg latitude, - The metrle unlt of force in BI units is the newton (N}, which is deflned as =~
that force which, when spplied to 2 body having a mass of 1 kg, glves it an acceleration of 1 m/sec/sec. These units -
stinquished from the (nconstant} local weight of & body having & mass of 1 kg; that 1s, the weightofa
body 15 that force with which a body 15 attracted to the earth and 15 equal to the mass of a body multiplied by the
- acceleration due to gravity, However, becanse it 15 general practice to use "pound” rather than the techrieally
correct term "pound-force,” the term "l " {or derived mass unit) has been used In tids guide instead of "ldlegram-
force" in i:l;psz‘-teusixg the conversion factors for forces. The newton undt of force will find Increasing use, and'ls .
essential . : : .

Table i

QUANTITIES AND UNITS OF SPACE

Multiply By . __To obtain -
' LENGTH ' _—

- . 25.4 {exactly). . . .. . Mleron
25.4 (exactly) ) . Mlllmeters
2.54 (exactly}*, . . Centimeters
30. 48 (exactly) . . . Centimeters
0.3048 {exmctly)*. .. . - . . Meters
. 0. 0003048 (exactly)* . . ‘Klometers
Yards . ... . e 0.9144 (exactly) . . . . . . Meters
Miles (statute), 1,600,344 (exacly}* . . . Meters
o : 1. 608344 (exacilv} . - . . Hilometers

"AREA__

-‘Squa.re inches. . . » . 8.4516 (exmetly) . . . ... . Square céntimeters
Square feet . . 26, 03*, ) ’ Square centimeters -

.. e . . Square meters
. Squere yards<:. . . . , Square meters -
.- Acres PR . .. .
: . Square meters -
Square Klometers

‘. - Square kilometers:

" Square miles . e _2.58990
LR VOLUME

‘Guble inches . ... . . . 16.887L . . . «.. .'. . . . Cuble centlmeters
Cuble feet. . . ... 4 . (.0283188. . Cubic meters
.Cuble yverds. . . C 0. 764555 . Cubjc meters

CAPACITY

Fluld aunces (U.8.) .. . .-. ~ 26,6737 .. . Cublc centimeters
: e eles 20,6729 . S Millilters - .
- .Liquid pints (U, 8:). .. L 0. 473179 .- Cuble decimeters
: LT 0,4731686.. Liters- = ..~
- Quarts (LB} .. . e D46, 358 | .- :Cublc centimeters :
8 L el - o Q. D48331*, Liters @ oo
: Gallons (U, 8.). . . : Cuble centimeters
S LT . Cublc decimeiers
' Liters .
Cublc meters .
Cublc declmeters

_. (':.ial];m_\E (‘U .K.‘).

 Redltl Dl

P T R T R

‘Liters
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’n:e_un of radioiso{.opes tn measure wst.erﬂml is a part of the Buresu of -
] eclmtion progran to improve water meagurement ractices. Meagurements '
were made in the Balt River Project :erigat:l.on syotem ip concrets pipelines

,2 2,5%" and ‘3,5 ft in &ia. A pitot welocity method was usad to measure the’

dischnrge for comparigon vith the discharge measured by the audden injes.’

lob or total count vadfioisotope method. The sasple tank and infinite me-
‘Al teehniqnu were used for cmmting the radicisotope activity.  Accuracy’

f the radiolsotope measurement method could not be evalusted extensively
becaun of .the 1imited oumber of teats. Although rulntively good repeat -
. ability vas’ ‘shovn in measuring & given dischargs by the radioisotope methe

od, djachargu cmp-.rted by the 2 methods differed. by =T.3 to «15.7%.

ASS'I'RA(‘.'.E.

- m use of rad:l.oiuotupes to measure vaterflov is a part of the mn-ea.n of
: Reelamtion m-osrn to improve wvatar measurement practices. Measuremsnts

've-re made’ In the Salt River Pro.iect irrigation system ip concrets pipelines .

2.5, and-3,5 ft in dia. A pitot velocity method was used to measure the
: diuhnrg’e for comparison with the discharge meagured by the sudden injec-
tion or total eount rMi.ohotupe mathod,  The sample tank and infinite we-
dium technigues were used for counting tha radicisotope sctivity. Accuracy
of the radiolsotope measurenent method could not be evaluated extensively
- becwise of the limitad pumber of tests. Althoug: relatively good repesat-
- nbili‘by was ‘shown in measurihg & gliven discharge bty the radioisotope math-
) jod, duehau-gas computed 'by the 2 mthnds differed 'by -T. 3 to -15.7%.

ABETRACT

The use of radicisotopes to Measure weterflow ie & pert of the Puresu of
Reclamation yrogrem to improve water meapurement practices. Measurements
vere made 1n the Salt River Project irrigatici system in coucrete pipelines

2,5, snd 3.5 ft in dia. A pitot velocity method vas used to measure the -
dlucha-rge for comparison with the discharge Beasured by the sudden injece
tion or tota) count radicisotope method, The sewple tank and infinite me-
dium techniques were uaed for counting the radiocisctope activity. Accuracy
of the radioisotope measurement method could not be evaluated extensively
because of the limited number of tests. Although relstively good repeat-
sbility vas shoim in measuring a given discherge by the radioisotope meth-
od; dipchsrges computed by the 2 methods diffared by -T.3 to -15.7f.

ABITRACT

The use of rad:loiwtupau to measure vaterflow is a part of the Bureau of
Recl.umtion yrogram to improve water Deapuremsnt practices., Measurements
vere made in the Balt River Project irrigation system ip coucreta pipelines

2.5, and 3.5 ft in dia. A pitot velocity method was used to measure the =

diaehnrsa for coeparison with the dlscharge measured by the sudden injec-
tion or total count radioisctope pethod,: The sample taok and infipite me~
dium techniques were used for counting the radiocisctope mctivity. Accuracy
of the radicisotope messuremsnt method could not be evaluated extensively
becsuse of the limited muber of teats. Although relatively gdod repeat-
ability vas shown 10 measwring 2 given discharge by. the radicisctope math.

~'od, di-cuargu computed by the 2 methods differed by -7.3 to -15.7;.




