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ABSTRACT 

Radioisotope techniques and equipment are being developed t o  improve methods for 
measuring f low rate in  high.head turbines and pumps. A series of discharge measurements 
were made in 1968, at Flatiron Powerplant near Loveland, Colo, t o  evaluate techniques 
and equipment. Measurements were made on a 6000-ft-long. 6-ft-dia penstock at a 
discharge o f  300 cis. Thirtyleven injections of radioactive Bromine-82 were made for 
discharge measurements by  thevelocity method. 17 for the integrated-sample method. and 
8 for the dilution method. These injections enabled computation o f  33 discharges by the 
velocity method, 26 by the integrated sample, 45 by the dilution method, and 34 by the 
total-count method. A Cpoint injection system, 45 deg from the vertical and horizontal 
centerliner: of the pipe, was used for most measurements. Mixing lengths ranged from 36 t o  
919 pipe diameters. Mixing lengths o f  100 pipe diameters produced the same order of 
accuracy as mixing lengths of 919 diameters. Studies are continuing to increase 
measurement accuracy using pipe lengths as short as 30 pipe diameters. 
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SYNOPSIS 

The Atomic Energy Commission. AEC, and Bureau of  
Reclamation are cooperating in a research program to 
establish feasibility and develop procedures for 
measuring discharge through high-head turbines and 
pumps using radioisotopes. The results of the 
development of techniques for making precision 
discharge measurements are summarized in the 
following paragraphs. 

Detailed results of the progress in Phases I and I1 
through September 1966 were reported to the AEC in 
TID-23737, "Discharge Measurement Using 
Radioisotopes in High-head Turbines and Pumps." 
Phase Ill of the joint program was reported by the 
Bureau to the AEC in Report No. TID-25177, 
"Discharge Measurements Using Radioisotopes in 
High-head Turbines and Pumps at Flatiron Power and 
Pumping Plant, Colorado-Big Thompson Project." 

Phase IV of the program was begun in April 1968. 
Field testing of protoripe injection and sampling 
systems was continued a<, the Flatiron Power and 
Pumping Plant. Three series of measurements were 
made to compare the relative accuracy of the 
radioisotope.velocity, integrated sample, dilution, and 
total-count methods of measuring 300 cubic feet per 
second in  a 6.000-foot-long penstock having diameters 
ranging from 7 to 6 feet, :figure 1. 

Thirty-seven separate injections of radioactive 
Bromize82 were made for discharge measurements by 
the velocity method, 17 for the integrated-sample 
method, and 8 for the d~lution method. These 
injections resultedh 33 discharges computed by the 
velocity method. 26 by the integrated sample, 45 by 
the dilution method, and in additlon 34 were 
computed by the total-count method. A 4.point 
injection system, 45' from the vertical and horizontal 
centerlines of the pipe, was used fo r  the majority of 
the measurements, Figure 3. 

Injections were made through 114.inch tubes restricted 
by 1/64-inch orifices. The tubes were lnserted into the 
p i ~ e  through or~fice plugs provided during construction 
for pressure measurements in the penstock. The 
1/4 inch size of the tubes perrn~tted injection of the 
tracer at the wall of the pipe and at distances of 0.04 
and 0.19 cf the radius from the pipe wall. Within thev 
bending strength of the 114-inch tubes, the injection 
point was changed to determine the effect on mixing 
of the radial locatiox of the injection point. A 

I \  . - 

gas-pressured system was used for injection of the 
radiotracer. 

Discharge measurements were made in  pipeline lengths 
of 36.5 diameters of 7-foot pipe, 105 diameters of 7- 
and 6.5-foot pipe. and 919 diameters of 7.. 6 5 ,  and 
6-foot pipe. Of the 5.632 feet of pipe available for 
measurements, 4,400 feet were 6 feet in didmeter. 

Detectors were strapped to the outside of the pipe to 
measure the tracer passage for the velociW method of 
flow rate computation. 

Samplinig tubes for the dilution method were located 
36.5 diameters downstream from the injection cross 
section in four access pipes 90' apart on the 
circumference of the penstock. These access pipes were 
in the same angular relation to the centerlines as the 
injection tubes. Two sample tubes located on a vertical 
centerline. one at 0.04 of the radius and the other at 
0.54 radius in the 6.5-foot pipe, were installed in  a 
manway 105 diameters from the injection system. 

The two locations at 36.5 and 105 diameters were 
chosen because previoLs studies indicated that the 
mixing lengths would approach the minimum that may 
be used for multipoint injection and a multiple sample 
of the flow and a mixing length about the minimum 
for single-point injection and sampling. 

A third sampling point was a 114-inch hole at the inlet 
to the turbine, a distance of 919 diameters from the 
iniection. 

. > - 
Integrated and/or continuous fiow samples werEiaken ' ~ 

from the pipeline for counting, depending o n  tile 
method or combination of manods being studied. 
Discharge measurements were made independently 
with the spiral case flowmeter of the turbine. 

Tables I and 2 summarize the average deviation 
betwe'en the velocity, integrated sampl3, dilutlon, and 
total count radioisotope methods, , g d  the spiral case 
flowmeter. In general, the average deviation is less than 
+2 percent but one of the values for the total count 
exceeded the spiral case flowmeter by 3.6 percent, one 
for the dilution by 3.4 percent, and one for the 
velocity by 2.4 percent. The measurements indicate 
that in the majority of the comparisons the computed 
radioi;Nope discharge exceeds the discharge obtained 
from the spiral case flowmeter. This tendency has been 
noted for both open-channel and closed-conduit 
studies by the Bureau and from information on 
comparative measurements published by others.' - 





measurement series is 
e measurements. One 

estimate is based on a summation of the standard 
deviation of determining the discharge from the spiral 
case flowmeter calibration curve and the standard 

:. deviation of the. errors poaible in the radioisotope 
methods. The second estimate is the summation of the 
mors used for computing the standard deviation for 
the radioisotope method and two standard deviations 
(95% confidence level) of measurement for the spiral 
case manometer. The results of the comparisons are 

: shown in Tables 4.6.8. 10, and 13 and Figures 11.15. 
25, 26, 27; and 28. [dixing lengths of 100 pipe 
diameters or more appear to produce the higher 

-. '_: ~ 

Nearly all of the measurements of Phase IV were made 
from injections near the wall of the pipe and from four 
points in the cross section. With the exception of the 
sample taken at 36.5 diameters all sampling of the flow 
was through single orifices. A t  the 36.5diameter 
distance, four holes 90' apart in the samecross Section 
were connected to withdraw a single sample. The 
results of the discharge measurements are shown on 
Figure 25 and Table 7. Discharges computed from 
measurements at both the 36.5 and 105.5 diameters 
h o w  about the same deviation from the spiral case 
flowmeter. This agreement would indicate tha 

, , 
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multiple injection a shorter mixing length can be u 
i f  multiple samples are blended into one sample or are 
averaged from multiple samples. 

For all of the radioisotope methods there are 
measurements that exceed the error that was estimated 
for presently used procedures and equipment. A 
critical review may reveal ways of eliminating or 
improving some of the steps being used in preparation 
of calibration solutions and the radioisotope f rk t ion 
being injected for the measurement. Such improvement 
would reduce the total error to be expected in a 
measurement. I' 
Improvements can be made in the counting of the 
radioisotope water mixture extracted from the pipe for 
the discharge measurement. This improvement could 
be accomplished by punting the mixture for longer~ 
p&iods to increase the statistical accuracy, better' ,. 

shielding of the detectors, and increasing the ratio of, 
the sample to background count rate. A temperature 
effect on the detectors was noted during the dilution 
measurements. Subsequent studies on ,the counting 
system gave the order of magnitude of the effect. The 
temperature effect and other countinb irregularities 

' will be analyzed in an effort to find reasons for 
measurements deviating beyond the expffted error. " 

. ~ 
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Four of five proposed phases of the program have been Flatiron Power and I?-mphg Plant, Figure 2, is located 
about 55 miles north of Denver, 14.5 miles east of 
Estes Park, Colorado. The plant dwelops power from 

to the AEC by the Bureau in AEC Report TID-23737, regulated flows in a 1.110-foot fa l l  from Pinewood 
"Dircharge Measurements Csing ' Radioisotopes in -.Reservoir to Flatiron Afterbay Reservoir, Figure 3. 
High-head Turbines and Pumps." September 1966. Water flows through a pressure tunnel to a wye 
Phase Ill results were furnished to the AEC by the transition and two Winch butterfly valves at the 
Bureau ,: in , Report No. TID-25177. "Discharge entrances m the penstocks. The penstocks, Figure 1, 
Measurements Using' Radioisotopes i n  High.head about a mile long and ranging from 7 to 6 feet inside 
Turbines at,d :?umps at Flatiron Power and Pumping diameter, are exposed for most of the length of, the 
Plant: Colorado-Big Thompson Proixt." hillside. . . 

Maoways, having a diameter of 20 inches, were 
provided during construction for access to the pipe 
interior at intervals of about'275 feet. The manways 
were located on the top of the penstock and at a 
clockwise angle of 135' viewing the penstock in the 

e a significant direction of flow. 
reduction in the mixing length over that for a 
centerline injestion. A 310-diameter mixing length for Study of the penstock profile and alinement showed 

, g about 4.5 feet .that a good measurement section beganabout 148 feet a centerline injection into water f ~ o b ? ~ \  
per second (1.4 mps) did not appare@!-+,?It in 121 pipe diameters) down&c.am from the butterfly 
satisfactory mixing for-a discharge of about 130cfs in valves. Figure 3. Four 114-inch piezometer p lug had 
a 6-foot-diameter pipeline. Measurements mihe after been installed in the pipe at 45' from t h e  vertical and 
the tracer had miied for 645 diameters deviated from horizontal centerlines. A second set of piezometers had 
flowrneter meawremerrts by an average of about +1.2 been installed 210 feet (30 diameters) downstream 

from the first set. An additional four access pipes were 
avai!able at 36.5 diameters from the first st of 

Studies on a pump discharging about 290 cfs in the piezometers. 
same plant showed that the scale and intensity of the 
turbulence was increased by the 'pump. A mixing Sweraiqynways were located along th i s  straight 
length of 164 and 755 diameters in the 8-foot pump section of'penstock. One manway, located a distance 
line appeared to be satisfactory for a tracer injection . of 105.5 diameters (68.9 diameters of 7- fwt  pipe and 
near the sidmall into a water velocity ;of about 6 feet ' 36.6 diameters of 6.5-foot pipe) was chosen for 
per second (1.8 mps). Injections were made both " installation of a sampling system, Figure 4. Thus, in 
upstream and downstream from the pump. The average:: this particular length of pipe, mixing lengths of 30, 
deviation between a flowrneter and t h e  radioisotope 36.5, and 105.5 pipe diameters were ,mailable for 

=method was +0.6 percent at 755 diameters and about mixing the tracer and Rowing water: One more 
-2.0 percent for 164 diameters. sampling station was established at the  inlet to the 

. turbine, about 919 diameters from the fim set of 
n general, the discharges measured by the r a d i o i ~ t o p e  piezometers. 

.. . larger range than desirable: The ' ~ . 
exact mszs of the variations could not be readily Tracer injecting and sampling systems, to bedescribed 
determined but were attributed to anomalies in the later in the report, were installed as needed for the 

dlor counting. discharge measurements. 
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diameters in a length of the pipe are measured t o  Flexible and rigid stainless steel tubing carried the 
determine the volume. Detectors are located at the tracer solution l o  the iniection manifold. The 
beginning and the end of this known volume. A manifold contained four outlet poru to the 
discharge nteaurement is made by injecting a pulse injection tubes inserted into the penstock. 
of tracer and then measuring the time required for Radiotracer war injected at the wail or 8 inches 
the nacer to pass between the two detectors. A from the wall. Two radiation detectors were 
d i~harge  may then be calculated from the measured *rapped in contact with the stcel outer surface of 
pipe volume and the time computed from the the penstock. (Type shown in Figure 8.) The 
record of the tracer passage detectors Or the injection locatim Were moved l o  

obtain the desircd mixing length. 
Discharse = Volume (area times lenqthl 

Time The passage of the tracer was recorded in digital 
Three mixing lengths, 14. 45. and 82 diameters o f  fo rm on  pr inted o r  magnetic tape by 
pipeline weie u d  for the measurcmcnt scris, instrumentation assembled in a mobile nuclear 

laboratory, Figures 9 and 10. A dualchannzl scaler 
conraining two 5.decade fast readout scalers was 

A pulse inifftion system was connructed of used to totalize the detected radiation eminions. 
1,800.psi semple cylinders and stainless steel tubing, The instrument can be used manually as a regular 
Figures 6 and 7. A 1-liter cylinderwas used to hold scaler or, as in these measurements, asan aut~matic 
the radiotracer before Injection into the penstock. A instr~tment ieetling data to the recorders. When the 
3.78-liter cylinder was used t o  hold water to purge time or count had reached a preset value, thecounts 
the tracer cylinder aher injection. The piping was accumulated were transferred to a buffer storage. 
anan& and valved to apply pressure from a the  scalers rrret, and restarted within 10 
2,OLlO.psi nitrogen bottle to the tracer cylinder and microseconds. The digital data from the storage was 
then to the water purge cylmder for rinsing. then transferred to the tape printer. 

Pulse lniection System for Radiotracer-Valves in Position for Filling 
Cyiindas-Injection Tube Inserted Through Ptpe Wall. Photo P245.D.63687NA 

Figure 6 
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Mobile Nuclear Laboratory. Photo P245.D.63806 

Figure 9 

le difference 
digital data. ' 

w " ~ ~ ~ ~ , ~ ~  rluu,or,,, b....,...... , a proces 
integration, accounts for the average backgro 
radiation in computing the center of area. 

Distances of 22.1 and 20.6 pipe diameten of 
6.5-foot-diameter pipe were used for the 
measurement series. This dinance provided a transit 
time between detectors of about 21 seconds at a 
300,cfs discharge. 

The pipe volume between the deteclor positions had 
been measured for one of the two selected Wi0nS 
at the time of the turbine tests. Thirty diameter 
measurements averaged 0.12 percent less than the 
6.5.foot designed diameter. Inspection of the 
penstock before the radioisotope r e  showd the 
interior of the pipe to be clean and thus no change 
in volume. The volume of the second test section 



absolute value for tfre volurre of the test section was 
desirable but not a critical requirement because the The nonuniform mixing caused irregularities in the 
study involved the repeatar>ility of the radioisotope detection of the recorded concentration. These 
measurements.. For a sr:lected test length and irregularities in turn made diffjcult the computing 
measurement series the pipe volume is aconstant in of the center of area of the change in concentration 
the computation. Errors in the computed volume recorded as the count rate. Large count rates (a and 
would affect the results in comparisons of discharge b schematically shown) near the beginning or the 
measured in different sections of the pipeline and ending of the recorded concentration, had an undue 
when compared to another method. influence on the center of area. These isolated large 

values occurred in many of the recorded traces and 
Rewlts of measurements.-Dwiations larger than in the digital data on prinied tape. The accuracy of 
the desirable I percent or less occurred between the computed discharges may have been deereased 
d i s c h a r g e  m e a s u r e m e n t s  b y  t h e  by these isolated values as well as those ocurrring 
radioisotopevelocity and flowmeter methods. near the peak count rate. 
Differences ranging from about a -5 percent to a +4 
percent occurred in the series of 33 measurements, 
Table 3. One series of 8 measurements indicated the 
flowmeter discharge was an average of 1.5 percent 
higher than the radioisotope method for a mixing 
length of 14 pipe diameters. In a second series of 17 
meawrements and a mixing length of 45 diameters. 
the discharge measured by the radioisotopes 
averaged 1.7 percent more than the flowmeter. In 
the last series of 8 measurements at a mixing length 
of 82 diameters the radioisotope method exceeded 
the flowmeter by 2.4 percent. These irregularities alw, occurred for the longer 

mixing length of 82 pipe diameters. Although the 
An error analysis of the method showed an tracer-water mixture was diffysed over a greater 
estimated standard deviation of f 1.7 percent and a length of penstock and the inermseand decrease of 
total possible error of about 22.8 percent. A study concentration more uniform, isolated larger count 
of this data. Table 4 and Figure 11. show largerthan rates occurred and may have affected the 

dwiations between the radioisotope and computation of the center of area. 
r discharges. I n  the first series 50 percent 
viations were larger than 1.7 percent, in the Multiple detectors, three or more at each of the two 

second 59 percent were larger, and in the last series cross sections connected to a single scaler, would 
50 percent were larger. In each of the series more improve the averaging of the concentration of the 
measurements than desirable exceeded the expected tracer-water mixture. The larger number of 
total possible error. Table 4. detectors would minimize the count rate 

fluctuations, could possibly aid in reducing the 
There appear to be two major causes of the quantity of radioactive material required and 

'ations: (1) a single detector was used at each provide count rate data for reliable computation of 
pling station for recording the tracer passage; the center of area. A detector with a 2- by 3.inch 
(2) the difficulty in computing the center of disc scintillation crystal and photomultiplier, Figure 

f the recorded tracer count rate. 12, became available after completion of there 
measurements. A detector  onf figuration of th i s  type 

mixing lengths between the injection an 
ion points were used in the first and secon prove the sccuracy of 
of measurements. A uniform mixing of trac 

d pipe flow was not obtained and was evident i 
irregularity of recorded count rate on a singl 

ector. Because of the nonuniform rnixinq. 









Radiation Counting Flask i n  
Shield-Disc Scintillalion Counter and 
Photomultiplier Mounted Below Flask 
i n  S h i e l d  O p e n i n g .  Photo  
P245-D.636931dA 

Figure 12 

injected into the penstock in 18.26 seconds from 
the (ps.prwured system, Figure 6. Samples of the 
tracer.water mixture were taken at a constant 
outflow rate tram two points in the flow cross 
section 105 pipe diameters from the injection. The 
samples were collected in plastic containers as the 
pulse of tracer passed the sampling point, Figure 13. 
Samples were obtained from points 0.54 and 0.04 
of the radius from the pipe wall. Figure 14. 

The constancy of the flow rate from the sampling 
rubes was indicated by a study of the pressure at the 
entrances to the tubes. A slrainqage4ype pressure 
transducer was connected near the entrance to the 
sample tube. Pressures (of nearly a constant 
amount) were measured and recorded for a range of 
sampling rates. 

Three large samples were obtained for each injection 

""'p" arrru rwrrnru "y u,r . . . - A I ~ . I V I I  C""...III3 8.8 U 

sample tank used for a total count measurement of 
the discharge. 

The samples were counted in glass flasks ptafed in a 
shielded counting chamber. Figre 12. A 2- by 
3.inch NallTI) dlsc scintillation crystal optically 
bonded to a photomultiplier war, centered at the 
bottom of the flask and shield. l3us the samples 
could be field counted by using the equipment in 
the mobile laboratory or in the powerplant. Both 
methGds were used in the cou~se of the discharge 
memurements: 

Discharges were computed from the basic equation 

in the form 

0 = 
C ~ v p  (R, - RBI 

lRu - RBI Cs T 

where 
Ci = concentration o f  

diluted shipment 
(approximately 
1 liter) 

v2 = buret volume 
n = numberof buret 

volumeS 
C i v p  = A (amount of tracer 

injected) 
C, = u Ci (Sample used as 

standard) 
o = fmcrion of dilu- 

A. = count rate for 

:ount rate 

I - rumcut co~~rdting 
integrated sample 

R, . RB = calibration factor 
for counting system 

'All count rates 
corrected for radio- 
active decay 

12 

standard sar 
k g  = background r 
R, = integrated sal 

count rate 
.r - -'--,,-. 



Mobile Nuclear Laboratory at  Sampling Point 105 Diametersfrom Injection-Sample Containersand 
Timer on Platform. Photo P245.D.63691 NA 

Figure 13 

Arranagement of Piping for 
Stuffins Box for Movable Sample! Movable and Fixed Position 
Photo i 2 4 5 - ~ . 6 3 6 9 0 ~ ~  .-- Sampl ing  Tubes. Photo 

P245-D63689NA 
Figure 14 
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With the exception of preparing the amount of percent, Table 6. At the 0.04R location 54 peicent 
rraw A and the standard CS in the laboratory; all were less than f 1.8 percent and 85 percent wae less 
radiation $feasur.%nents for the discharge than the total error. 
computations were performed at the field site. 

The accuracy of t h e  integrated-sample method 
ion with the integrated-sample method. probably can be increased by improvements made in 
measurement was.made at the turbine tracer handling and radiation counting procedures. 

The ultimate accuracy may be limited by the pulse 
type of injection used for the method. A sampling 

A later section of the report describes these of the pulse of tracer-water mixture from a single 
measurements and those obtained by total-count point may not provide a satisfacfon/ integration of 
measurements during the study of the dilution the flow for an accurate discharge measurement. 

The simplicity of applying the method suggem that .; 
additional study should be made to improve the 

w l t s  of measurements.-~welve  of the 26 
scharge measurements made by the integrated 
mple method deviated by amounts larger than Study of Diffusion with Fluorescent Dye 

xpected from the error analysis. Table 5 and Figure 
15. The. measurements that deviated did so in Purpose.-The deviations beiween simultaneous 
general for both the 0.54R and 0.044 locations for discharge measurements from samples taken in the 

. t he  &me measurement, e.g., Measurements No. 7.9. same cross section of t h e  pipe indicated that the 
14, and 16. For these measurements the sign of the cause may have been inadequate mixing of the 
dwiation was the same. In Measurements No. 5, 10, tracer and flowing water. Fluorescent dyes were 

used to measure the degree of mixing because no 
means were readily available for monitoring 
114-inch, streams of radiotracered.water to show 
small and rapid fluctuations in concentration. 

se measurements deviating in the same direction Prdcedure and equipment.-A constant :rate 
in approximately the same amount would injection and constant rate of sample withdrawal 

ear t o  have been caused by an error in-the were used to explore the degreeof mixing in the 
asurement o f  the  injected tracer or in system flow. A diaphram-type pump operated at 230 
ibmtion. The latter seems the least likely because 
the occvrrwce within a group in thesame test 
ies for -which two or more standards are ' The capacity of the pump was 9,000 milliliters' 

h w r  and  the flow rate could be adjusted 









Fluorescent Dye Injection System 
(a) Water (b) Dye Mixing Tank Ic) Diaphram 
Chemical Feed Pump (dl Buret for lniecfion Rate 
Measurement (el Injection Manifold. nnrl f f l  Two of 
Four IniectionTubes. Photo P245.D.63696NA 

Figure 16 

regulated by valves to bo the same for each 
instrument. Tkd flow path length and size of tubing 
between the sample tuba and fluororneterr were 
made equal to  produce, as near as possible, the sama 
mixing :haracteristics. Thus, with complete mixing 
in the penstock, the fluorometer output should be 
constant. Fluctuations in pcnstock concentration 
should be evident in the fluorometcr output but 
slightly modified by the mixing length in the 
connecting tubing. 

A fwvpoint  sampling system was located 36.5 
diameters lrom the iniection. Figure 18. The 
fluororneten were alternately connected to pairs of 
sampling tubes to measure the concentration. 
Movable ampling tubes were inserted through 



dye diffusion study indicated the dilution method 
m l d  possibly produce the highest accuracy of flow 
measurement. A longer period of injection would 
permit a longer period of sampling and a better 
chance o f  averaging fluctuations in the 
mncentration. The pressure injection system was 
modified to use the 3.7-iiter cylinder as a 
radiotracer container, Figure 22. Mixing of the 
tracer and water in the qlinder was accomplished 
by la) closing the valve between the prersure gage 
and cylinder, and ib) slowly pumping air through 
the gage glass to the bottom of the cylinder to 
escape out the opened valve at the top. Two to 3 
mi a uniform 
tracerwater mixture. Pressure from a nitrogcn gas 
bottle was applied to  *e cylinder through a 
regulator. The cylinder was volumetrically 
calibrated and provided with a gage glass scale for 
determining the volume injected with rerpffit to 
stopwatch time. Injections from the cylinder 
containing about 3 liters of solution were made at 
the rate of about 5 milliliters per second through 
the four-way manifold and faur-tube system. The 
a r k  projected 8 inches into the penstock flow. 

The penstock pressure at the injection location w x  
about 35 psi and the total iniection pressure was 70 
psi. The total change in cylinder pressure from 
beginning to end of the injection was about 0.65 psi 
or about 1 percent of the total injection p,.-- , d J r e .  
The injection flow rate, corresponding to the 
segment used for the discharge computation. was 
estimated to havechanged less than 0.75 percent. 

For each injectinn of radiotracer for the diluticn 
msthod, a discharge measurement was made by the 
total.count method at the pouerplant. During the 
f int  four dilution meswrements, monitoring of the 
cylinder showed Ernell amountsof tracer were being 
retained in the "ree" at the cylinder outlet, Figure 
22. The retention had no effect on the dilution 
measurement but did affect the accuracy of the . 
total-count measu:ernent. To provide for complete 
emptying of the cylinder the outlet piping w8' 
modified to  eliminate the horizontal "tee." Figure 
23. 

Samples were taken from the penstock a t  36.5 
diameters for the dilution method and at 105 



Fluorescent Dye Sampling System at 36.5 Diameters 
la) Fluorometers (bl Recording Voltmeter, and 
(c) Sampling Tubes. Photo P245.0.63697NA 

Figure 18 

diameters and at 919 diameters for the dilution and 
total-count measurements. At the 36Sdiameter 
location, Figure 18, the four sample tubes were 
connected to a common pressure manifold. A single 
outflow sample bypassed from a higher flow 
through the manifold, was a blended sample from 
the four tubes. The sample collected in plastic 
canrainen after lhorough mixing was transferred to 
the glass flasks for counting, Figure 12, 

locat ion. .~ i~re 14. The sample was extracted into 
plastic containers at the entrance to sample tanks 
i n s t a l l e d  for  simultaneous total-count 





- CHART TRAVEL 

Fluctuations in Dye Concentration at 105.5 Pipe Diameters from Injection-Upper Trace 0.44 of 
the Pipe Radius from the Wall-Lower Trace 0.04 of Rad~us (Chart Speed l m c h  per minute, 
Distance Between Numbers Scale Lines, 2 inches). Photo P245D64976NA 

where: 9 = 

Ci = 

Figure 21 

injection rate Again with the exception of preparing the solutiun 
(mllsecl to be injected from the cylinder and the standard 

concentration of C,, the radiation counting for the discharge 
injection solution measurements was performed at the field site. 
lpclmll 

decay correction Results of Measurements 
factor 

calibration factor Flask counting.-Deviations among discharges 
for f l a k  and shield measured by the spiral case flowmeter and the 

net counting of dilution method at 36.5'diameters were only 
calibration slightly larger than at 105 diameters, Table 7 and 

concentration of calibra- Figure 25. The blended sample obtained in the 
tion solution shorter mixing length showed a lower percentage 
(Rg . Rb)ff = ~ P V  cnunt deviation in dischargc for the tubes extended 0.2 of 
rate corrected for the pipe radius into the flow. The deviations for the 
decay longer extension of the tuber were comparable to  

gross count rate the deviations at 105 diameter: of mixing length. 
background count rate Becaure only two or iour measurements were made 
net count rate from for each of the three tube extensions inlotheflow, 

calibration solution no definite conclusions were made from rhe results. 
t injection 



Tracer Injection System for Dilution Method-Tube at 
Bottom of  Cylinder was Connected to the Four.outlet 
Manifold. Photo P245.G-63702NA 

Figure 22 

system combined with a multiple sampling system 
~9ould bo investigated in detail. 

A t  105 diameters, smaller deviations occurred but 
one value of 4 percent occurred for a sample taken 
near the pipe wall. Most of the values were larger 
than the desirable 1 percent or less deviation. 
Because of the longer period of sampling than used 
for the integration method. the deviations were 
possibly more dependent on radiation counting than 
on mixing. Variations were measured in the 
radiation count caused by differences in the 
counting flasks. Up to six flasks were used at the 
105diameter location tn hold the samples. 
Counting, durlng the second series of measurements 
(5-8) was done in one flesk after careful rinsing and 
transfer of the sample. 

Temperature variations caured by the weather 
prevaler,t through the dilution measurement series. 

Fifty-seven percent of the measurements made at 
36.5 diameters deviated less than the ei t i~wted 
standard deviation. Table 8. Seventyme percent 

Injection System Modified at Outlet of Cylinder to 
Provide for Complete Evacuation of Tracer 
(a1 Traccr Inlet (bl Low Pressure Air line (Tire 
Pump) for Mixiny Tracer and Water Ic) Injection 
Pressure (dl Outlet to Manifold and Penstock. Photo 
PX.D-64663 



Sample Tank Containing Detector and 
Connected t o  Penstock Sampling 
System-Tube (a) To Drain. Tube Ib) From 
Penstock, Tube Ic) For integrated and 
Piluted Samples. Photo P245D63704NA 

Figure 24 

were less than the estimated total error indicating 
that the shorter mixing length desirable in this study 
may be obtainable through multiple injections and 
samples. These procedures applied to the 
integrated.sample method could simpiify the 
measurements and produce an acceptable level o f  
accuracy. 

A t  105 diameters, the discharges computed from 
samples t6:cen near the wall deviated less from the 
flowmeter than those away from the wall. 
Seventy-five percent were less than the standard 
deviation at the wall while 57 percent were less at 
the 0.547 location, The variations were too large 
ond the accuracy was not acceptable. None of the 
discharges for the two positions exceeded the 
estimated total possible error. 

ligit.4 Tape Record. 
I r  discharge computi 
nE A ."A 

0 -Tape records were available 
ft ation from the sample tanks at 
1,- ,.,.,.,..,. .,.., at the powerplant. The 
discharges computed from the records had 
deviations at 105 diameters ranging from -7.6 to 

-0.3 percent, Table 9 and Figure 26. The range was 
from t0.3 to  4.3 percent at Iha powerplant. 
According to these records the dirchxge computed 
from the radioisotope method wa: with one 
exception gmater than tha: muawred by the 
flowmeter. 

The tank calibration may have been affecting these 
results. A sample was extracted from the flow at thh 
entrance to the tank for radiatiors counting In the 
flask. The remaining flow parsing through :Lo tank 
was detected and counted to produce the tapes. The 
averaqe countins rate lhavinri lower statistica 
accur& than ;he flask samblel was used to 
compule the discharge. The deviations for tt.2 

counting flask averaged -0.3 at 0.54R to  t0.6 at 
0.MR. The average deviations were larger for the 
tape, a -1.8 at 0.54R and -3.4 at 0.04R. Discharges 
computed for The sample tank at the powerplant 
also averaged a greater amount by a -1.3 percent. 

The dilution method using a counting fliak 
appeared to give a slightly higher accuracy than the 
tape record but was more time consuming, Tablss 9 
and 10. The added mixing length to  the powsrplant 
sampling point did not give an average deviation 
below that for the flask counting. Better accuracy 
was shown for the longer mixing length to  the 
powerplant by the manual record over that at 105 
diameters. The improvement was not sufficient to 
determine thar ?he count rate record can produce a 
statistical accuracy equal to the flask counting. An 
investigation of the p-nsible refinements to both the 
flask and tank counting methods are necessary to  
establish the accuracy limitations. 

Total Count Method 

Procedure.-The total.count method was used at the 
powerplant for a monitor of the discharge for the 
maximum mixing length during the integrated 
sample measurements. Measurements were made 
using the calibrated sample tank and a manual 
recording of thescaler count. When the method was 
used in coniunction with the dilution measurements 
a digital tape record was p r in t~d  in the mobile 
laboratory. 
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Q = FAIN 

where O = Discharge (cfs) 
F = Tank calibration 

" 
'! 1 

factor 

i 
A = Quantity of injected 

1 :  
!?. tracer 
-i 

N = Net radiation count from 
sample tank 

Results of measurements.-Of the 17 totalcount 
measurements made in  conjunction with the 
integrated-sample method all but 1 was larger than 
the discharge indicated by the splral case flowmeter. 
Table 11 and Figure 27. The average of the 17 was a 
-1.2 percent. Only 13 integrated-sample . 
measurements could be compared to the total 
count. The -1.3 percent for the total count 
compared favorably in that the average deviation at 
0.54R was -1.5 percent and at 0.WR was -1.0 
percent. The maximum deviation for the total count 
method was -2.6 percent and for the integrated 
sample a -7.6 percent. The discharges measured by 
the integrated-sample method at 105 diameters 
showed a deviatibn range of -7.9 percent to +2.6 
percent. The.total count showed a range of -2.6 
percent to +0.3 percent. A longer mixing distance 
for the total count produced bener discharge 
measurements although the statistical error of 
radiation counting was higher than for the 
inteyated sample. 

diameters the deviations exceeded both the standard 
2nd the estimated total error by a larger percentaw 
than desirable. The pulse of tracer at the shorter 
mixing distance may have prevented a good sample 
and good counting accuracy in the tank. 

CONCLUSIONS 

Velocity method.-There appear t o  be two major 
causes of deviations between discharges compute+ 
from the velocity method and indicated by the 
flowmeter. 

a. A single detector was used at each of sampling 
stations for recording the tracer paaage. Because of 
the short mixing length between injector, an 
irregular change was recorded in the count rate. 

b. The nonuniform increase and decrease in the 
count rate made computing the center of area of the 
tracer-water mixture difficult. Thus, establishing the 
flow time between detectors could not be done 
aczurately which caused errors in computing the 
dlxharge. 

Multiple detectors, three or more at each of the two 
cross sections would improve the averaging of the 
radiation count and computation of the center of area 
from the tracer-water mixture in the pipeline. An 
accurate measure of the volume of the pipeline 
between the detector array would be necwary for an 
accurate discharge measurement. 

The 919 diameters of miring distance also produced integated-sample method.-The accuracy of the 
smaller deviations by t h e  total-count method than integated-sample method can probably be increased 
were obtained at 105 diameters, Table 12 and by improvements made in radiotracer handling and 
Figure 28. The average value at 105 diameters was radiation counting procedures. The ultimate amracy 
-1.6 percent at 0.54R and -3.6 percent at 0.WR. An may be limited by the pulse type of injection used for 
average of -0.4 percent was shown at 919 diameters. the method. A sampling of the p-~lse of tracer-water 
The measurements helped show the importance of mixture from a single point in the flow may not 
mixing distance and the constancy of the provide a satisfactory integration of the flow. The 
measurements by the spiral case flowmeter. There simplicity of the injection method and counting 
appeared to be a tendency for the radioisotope procedures suggests that additional study be made with 
method to indicate more discharge than the a multiple sampling of the pulse to improve the 
flowmeter. A more constant deviation between the discharge measuring accuracy. 
flowmeter and radioisotope methods would wggeSt 
an under registration of the flow by the spiral case Dilution method.-The use of a constant rate,injection 
flowmeter. and sample counted in a flask produced the smallest 

average deviation between the radioisotope and spiral 
Deviations between the spiral case flowmeter and case measurements. The standard deviation of the 
radioisotope methods were all less than the dilution measurements was large, indicating an 
estimated t6tal possible error for the 914diameter inadequate mixing or counting procedure. 
mixing length, Table 13. Only 54 percent were less ' 













of the dilution measurements. 

conjunction with the integrated sample anddilution 
methods ~ o d q c e d  the same order of accursw for 
mixing lengths of 105 and 919 diameters. 'The . .' 

deviations from samples at the powerpiant indicated ' 





USE OF TRITIATED WATER AS 
A TRACER 

Discussion.-A part of the research program on 
discharge measurements includes evaluating radioactive 
tracm. Initial investigations were reported in TID 
23737 covering tracers having a radiological half-life of 
1 to 9 days. In mase IV a limited laboratory study of 
tritium was made to determine the feasibility - of using 
the tracer for discharge measurements. 

Tritium has wide acceptance as a good water taw. 
Because of the soft beta radiation and reduced 
radiation hazards the tracer could be of advantage in 
making discharge measurements. Problems of handling 
a tracer in the field would be reduced and a procedure 
possibly could be developed to allow project personnel 
with minimum experience in isotope technology to 
perform discharge measurements. 

A review was made of the advantages and 
disadvantages. The use of tritium would eliminate the 
need for massive shielding in transport and at the field 
site. The long half-life would permit field 
measurements over an extended period of time without 
significant losses by radioactive decay. A stock of 
tritium stored at a central location could supply several 
places for field discharge measurements. The amount 
of equipment would be substantially reduced because 
no precision isotope detecting instrumentation would 
be needed at the field site. 

One of the primary objectives of th i s  program is to 
develop rapid and precise techniques for using 
radioisotopes in highhead discharge measurements. 
Using tritium, one of the important disadvantages i s  
that the samples must be returned to a countiag 
laboratory for analysis. Thus, the use of tritium would 
be limited to measurements not requiring immediate 
results in the field. 

The possibility of missing part of the tracer presents an 
undesirable uncertainty when making precision 
discharge measurements. 

Conclusions.-Tritium is a good tracer for w p r  
measurement and would geatly simplify the field 
procedures for flow measurement, but would be of 
marginal benefit over the use of a gnod gamma 
emitting tracer such as Bromine-82. The primary 
disdvantage i s  the limited precision for tritium 
measurement. A preliminary result of the discharge 
measurement is often quite important before leaving 
the field site. Using tritium,the discharges could not be 
conveniently wmputed until a later time. 

For measurements not requiring immediate results and 
with improved radiation detecting and counting 
techniques, tritium may offer a satisfactory tracer for 
discharge measurements. 

Liquid scintillation counting, accepted as the most 
practical technique for widespread utilization of the I 

, 6ethod.c would have an error of about +I percent. 
Laboratory tests in. the Bureau have confirmed this 
error.'!The error is primarily due to variations in the 
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