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SUMMARY 



discharge measuring methods. A pipe test section included a length 

A pitometer w a s  used as the primary method of measuring the dis- 
charge through the pipes. The pitometer is a speciaLform of pitot 
tube for measuring velocity head. The procedures followed in the 

The sudden injection or  total count radioisotope method was used 
as the second means of discharge measurement in this study. A 
known quantity of radioisotope (Gold 198) was introduced intc the 
pipe flow in a comparatively short time, Figures 5A, 6A, and 7A. 
The concentration of the t racer  was measured at a radiois?$ope 
counting and sampling cross section, located downstream hear the , . 

position of the pitometer, where the t racer  was thoroughly mixed 
with the flow. 

The concentration of radioisotope in the water mixture was measured 
by two different techniques: (1) continuous withdrawal of water from : 
the pipe through a "sample tank1' containing a detector, and (2) im- 
mersion of the detector in the waterflow to represent an "infinite me- 
dium, " Figure 7B. The. "sample tank" technique provides a small 

The "infinite medium" technique is different in that a large volume of ' 

,; 

a homogeneous mi.x+ure of water and t racer  around the.detector, as oc- 
curs in a canal, is provided during calibration. .,The container repre- 
senting the canal during calibration was large enough that any increase 
in the water volume surrounding the detector would not change the 
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on water, and structures, F 

Thus, if the velocity and radioisotope methods have the same 
accuracy of measurement and are  capably applied, Qv should 
equal Qr. 

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 al  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 discharge and pipe. 

The accuracy of the radioisotope method could not be extensively eval- 
uated because of the limia: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 
radioisotope method. 

INVESTIGATION 

Pipeline Distribution System Description 

The Salt River Project irrigation system surrounds the city 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 urban 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-in-place concrete pipe and the opportunity to compare discharge 
measuring methods. 
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Using procedures governed by recommendations in the ASME power 
test codes, the velocity distribution was measured inthe test pipes. 
These data were then used to compute the discharge. ' Velocities were 
measured with a pitometer, a specid form of a pitot tube. A U-tube 
manometer was used to measure ttlidifferential head created b y  the 
flow of water pas&the specially constructed pair of orifices in the 
single tube of the pifpmeter. One of the orifices reacts to the total 
head (velocity head pluspressure head) and the other orifice reacts 
only to  the pressure head. The differential head indicated in the 
U-tube is proportional to the velocity head of the flowing water a t  tip 
of the pitometer. 

nonuniform velocity distributions. 



.is the radialdistance to the point of velocity measurement, 

multiplied by n or 2 T. 





Inserting the value of the C dt from equation (4) into equation (3) 

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 following procedure. 



where Ft = 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" proGdes a small fixed volume of water surrounding 
the detector. Often the tank is made of metal, is cylindrical in shape:; 
znd permits d i rect  contact of the detector with the radioisotope mixture 
withdrawn from the flow into the tank. In the Salt River Project meas- 
urements, however, the detector5was 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 (Ft). Figures 5B, 6B, and 7B. 
This method of calibration was used because previous measurements 
in other tests  showed a pronounced effect on the calibration factor Ft 
caused by the tank surroundings.. A part of the original radioisotope 
solution was prepared. znd reserved specifically for this purpose. 

Field calibration of the system was carried out a s  follows: 
" 

1: The sample tank was placed iri'the position of use and was then 
filled with water from the pi+line, using the portablepump la ter  

he background chunt Co was then measured for each system to 
ed by placing the detector in the dry well of the water-filled 

3. A 25iml calibratibn quantity of Gold 198* (about 1 5  microcuries) 



4. The detectors were again placed in the tank well and the gross 
count with r e s p ~ c t  t o  time ( c o ~ t i n g  rate) was determined for the 
radioisotope added to the water and the background. A net count 
for the radioisotope-water-, mixture was computed from the back- 
ground and gross count measure;neni.;! The net count rate was used 
with the measured tank volume and the amount of Gold I98 to de- 



Radioisotope discharge measurements were made concurrently with th 
velocity traverses. The isotope-water mixture was withdrawn from th 

During tfie ljeriod 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-inch, four in the 24-inch. 
and seven in the 30-inch pipes, Table 2. 

the comparison was . ' 



No maj& faults could be found in the application of the two methods 
of measurement but several possibilities for er ror  existed in both 
methods. Because of the low velocity of flow, the velocity 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 er rors  in positioning the pitometer that resulted in errors  
in the computed discharges. The area of the pipe was computed from 
four measured diamet;;rs at each pitometer location, but this number 
may not have been enough to obtain an accurate area for the pipe. 

These factors had been thoroughly considered before the various quan- 
tities were measured however, atzd the procedures followed were be- 

Several.possibilitie~ for error  are inherent in.the radioisotope 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 discgarge is directly proportional 
to the error made in measuring the quantity of the -radioisotope. Cali- 
bration factors for theNsample tank" orl'infinite medium" techniques ca 
be in er ror  because of er rors  in the measurement of the small voliunes 









Figure 1 
Report Hyd-578 









Figure 5 
Report Hyd-578 . . 

1. Tongs were used to introduce radioisotopes into 
3.5-foot-diameter pipe with irrigation pu1r.p in-  
flow of approximately 1 .  5 cls. 



A. Tongs were used to  introduce radioisotopes 
through manhole into 2-~OOL-diameter  pipe. 

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

RADIOISOTOPE DISCHARGE MEASUREMENTS 

Injection and Sampling Equipment for  2-foot Pipe 

SALT RIVER pm-xmrr. ARIZONA 

Fiyre 6 
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Figure 7 
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A.  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). 

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

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

RADIOISOTOPE DISCHARGE MEASUREMENTS 

Injection and Counting Systems in 2.5-foot Pipe 

SALT RIVER PROJECT. AIRZONA 



A. Pressure  and velocity head 
measuring equipment at 
pitometer station in 
2.  5-Ioot-diameter pipe. 

magnitier 








