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ABSTRACT

Radioisotope techniques and equipment were developed to improve methods
for measuring flow rate in high-head turbines and pumps. Phase V, the
last.of a series of field measurements, was performed at Flatiron and
Pole Hill Powerplants in Colorado. Studies of 4-point injection and
sampling over a mixing length of 36.5 plpe diameters of 7-ft pipe

(2.13 m) showed that radiation sampling and counting techniques were
-satisfactory. The mixing length appeared to be short for satisfactory
mixing and accurate discharge measurement. A demonstration of the tech-
wiques at Pole Hill Powerplant produced satisfactory measurements for a
mixing length of 255 diameters of 8-ft (2.44 m) pipe. Discharge of 400
cfs (11.2 cms) computed by the dilution, integrated sample, and total.
count methods varied up to about 2%, indicating that further refinement
of sampling and counting techniques will not reduce significantly the
inaccuracy below the estimated probable 2 Sigma error of 1.5%.
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INTRODUCTION ’

. The Atomic Energy Commission {AEC) and the Bureau
of Rectamation {USBR) are cooperating in a research
program for measuring discharge through high-head
turbines and pumps using radioisotopes. The purpose
of the program is to make discharge measurements
accurately, quickly, . 'd with a minimum of personnel
and equipment. It was hoped that the program would
deveiop the method to a precision that would allow
discharge measurements to be made accurate within
plus or minus 3/4 of 1 percent.

The program was divided into five phases and the
results of the fifth are published in this report. The
results of Phases 1 and M were reported to the AEC by
the Bureau in AEC Report No. TID-23737, “Discharge
Measurements Using Radioisotopes  in * High-Head

Turbines and Pumps,” Septemnber 1966. Phase Il

results were furnished in AEC Report No. TID-25177,
*“Discharge Measurements Using Radioisotopes in
High-Head Turbines and Pumps at Flatiron Power and

* Pumping Plant,” December 1368. Resuits from.Phase
IV of the study were furnithed by the Bureau and
published by the AEC in TID-25185, "Discharge
Measurements - Using thei Radioisotope Velocity,
Intecrated Sample, Dilution, and Total Count Methods
at Flatiron Power and Pumping Piant,” July 1969.

in general, during the first four phases with steady flow
in the penstock, the radioisotope method indicated
discharges that varied over a larger range than desired.
Exact causes for the variations could not be readily
found but wore attributed to anomolies in the
technigques of sampling and/or counting the
tracer-water mixture:- Improvements were made in the

counting and sampling techniques. Measurements in’

Phase V were performed to disclose whether the
measurernent accuracy and repeatability had been
improved. -

Results of the Phase |V study showed mixing lengths
ot 100 diameters or more produced measurements that
indicated the accuracy goal could be achieved.
Inciuded in the Phase IV serfes were -measurements
having a2 multiple injection and sarnpling system for a
pipe lenath of 365 diameters of 7-foot {2.13-meter)
pipe, ' Table 1. Discharges computed from

measurernents at both“the 36.5 and 105.5 diameters.:

" showed about the same deviation from the comparative
measuring device, Because -of the relatively close

* agreement, additional study was warranted for the
36.5-diameter length. These studies were made to

- determine the order of accuracy of measurement for

rmuitiple injections and muitiple samples. In-addition,
discharge measurements using radioisotopes were made
for the maximum obtainable mixing lergth in the
penstock of Flatiron Powerpiant.

The measurement techniques were 1at_e.¥ applied in a
demonstration at the Pole Hill Powerplant.

STUDIES AT FLATIRON
POWERPLANT

Measurement Facilities

Detailed descriptions of the powerplant have been
furnished in previous reports {TID 25177 and 25185).
Therefore, Figures 1 and 2 inctuded here show only the
physical conditions of the test site and locations of
injection and sampling equipment.

Radioisotope injections were made with a system
pressured by nitrogen gas, Figure 3. A 3.7-liter cylinder
{a) was used as a radioisotope container. Mixing of the
tracer and water in the cylinder was done by {1}
closing valve- (b} between the- pressure gage and
cylinder and . {2) slowly pumping air {c} through the
gage glass (d) to the bottom of the cylinder and
allowing the air to escape out of the opened valve {e} at
the top. The radiotracer was injected into the penstock
through an outlet tube (f} and:{our<vay manifold by

- applying the gas pressure through tLi"be {g). Four,

1/4-inch {0.64-cm) diameter, stainless stee! tubes (h)
restricted by 1/64-inch (0.4-mm) orifices were used to
pass the radiotracer from the injectior system to the
water in the penstock. The 1/4-inch {0.64-cm) tubes
projected ‘into the flow 8 inches (20.3 e¢m), about 0.2
of the pipe radius.

The injection rate for the radioisotope was controlled
by the regulated nitrogen pressure and.monitored on
the gage glass by using binoculars. Injections from the
cylinder containing zbout 3 liters of solution were
rmade at a rate of about 8 miililiters per second. The
penstock pressure at the injection location was about
35 psi (2.4 kg/sq cm) and the total injection pressure
was 100 psi (7.0 kgfsq cm). The total change in
cylinder pressure from beginning to . end of the
njection was about Q.65 psi {0.05 kg/sq cm) or about
0.7 percent of the total injection pressure. The
injection flow rate changed less than 0.45 percent for
the 0.65 psi pressuré change.

~..Sampies of the tracer-water mixture were taken from
the penstock at 36.5 diameters and at the entrance to
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| Table 1 . .
DISCHARGES MEASURED BY DILUTION METHOD
(INTEGRATED SAMPLE COUNTED IN FLASK) i -
(1968) i
Measure- . . ' _— Sampling location
ment _ Flow- ‘ ' _
number meter ‘ ./ 365D 105.5D
Oy ) : . Og ) . : 3
: ‘Dis- Devi- Dis- Devi- Dis- : Devi- il
charge ation ~ “charge ation charge - ation
cfs cfs percent cfs. . percent cfs . percent -
(0.04R from wall, 4 tubes)  _ ..(0.54R) : . (0.04R)
. 301 286 B 302 0.3 2 07
2 302 . 286 - 453 . 307 1.7 298 L 13
A ] . B i .
Ve | (At plane of wall) ‘ ]
3 303 283 . 433 . .31 07 291 | 44
4 302 - - Lo 294 - +2.6 295 © ¥23
 {0.2R from wall) ) |
5 306 ‘307 .03 ‘304 . +07-. 308 . .7
6 3086 | ..304 . 407 - 0316 33 319 -1.3
7 303 208 1.7 ‘309 2 308 A7
-8 306 299 23 304 - H.7 302 +1.3
Diameter at 36.5D = 7.0 feet. R = 35feet : o _ S

Diameter at 105.5D = 6.5 feet R = 3.25 feet

B "1t Percent deviation = Qg —QB” w00 ' .




POWERPLANT

Figure 1, Flatiron Powerplant penstocks--Radioisntope injection
equipment in foereground, sampling and counting equipment near mobile
nuciear laboratory :n background. Photo P245.D-G5583
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Figure 2. Flaliron Powerplant and penstock section—Injection and sempling locations.




Figure 3. injection system—{a) cylinder; {b) valve; (c)
air hose from tire pump; {d} gage glass, (o} filling and
vent valve; {f) outlet tube to four-way manifold; (g)
nitrogen  pressure ling; and [h) stuffing box and
iniection tube. Photo P245-D-35584

the turbine at 919 diameters, Figure 2. At 365
diarmeters four 2-inch (5,1-cm) diameter access pipes in
the wall of the penstock were connected 1o a common
manifold for a sample tunk measurement. Each of
these connections alse contained tubing for extracting
discrete samples jrom each of the four penstock
outlets, Figurcs 4 and 5. Individual sample tubes were
connectert to a multiple container sampler, Figure 6. A
large +amplo valume of 2 to 3 galions {9 to 14 liters)
was collected in 120 1o 250 seconds by using this
device, After thorough mixing in the plastic containears
the samples were trasnferred to glass flasks, Figure 7.
These 2.0liter flasks of tracer-water and background
samples were taken to the mobila nuclear laboratory
for counting, Figures 8 and 9.

»

Figure 4. Penstock samplimg connection—{a) whe for
discrete sample and {bh) hosz to manifoid. Photo
P245-D-65580

The total count sample tank was connected to tie
manifold by a §0-foot-long 3/4-inch {1.9-cm) diameter
hose, Figure 8. A discharge of about 15 gallons per
minute {0.7 liters per second) flowed through the tank.
A tracered sampie was token from the 3/4-inch
{1.9 cn) diameter hose at the entrance to the tank
through a 50-foot-long piece of 3/8-inch (9.5-mm)
diameter plastic tube. This sample was collected in a
plastic container coincident with the discrete samples,
Fiqure G, After thorough mixing, a part of the sample
was placed in a flask for counting.

The samptes in the glass flasks were counted in a
shietded chamber, Figure 9. A 2. by 3-inch (5- by
7.6.-cm} Nal{Tl) scintillation crystal optically bonded
10 a photomultiplier was centered at the bottom of the
flask and shield. Thus the samples were counted in the
mobile laboratory at the mzasurement site.




Figure 5, Sampling manifoid of 3/4-inch pipe
sample tank. Photo P245-D-65586

Figure 6. Multiple sampler at 36.5 pipe diameter—{a) discrete samples and
{b} container for blended sample from entrance 1o total count sample
1ank. Photo 245.D-65532




Figure 7. Flasks containing samples—{a) from 36.5 pipe dizameters and (b)
from powerplant. Photo P245-D-65582

Figura 8, Mobile nuctear laboratory and sample tank. Photo P245-D-65581




Figure 9. Radigtion eounting--{a) scalers and recorde
bottem Photo P245-D-65589

One sample was taken at the entrance to the turbine
tor gach of the radiotracer injections, This sample was
taken fram four 1/4-inch {D.B4-cm) holes through the
pipe walt at 457 on the circumference. Qutside the
pipe @ 3/4-inch {1.9-cm} pipeline manifold connectad
to a 1/4-inch {0.84-cm) plastic tube was used to collect
the sample in a large plastic container. After thorough
mixing the sample was transferred to a bottle and then
a flask for counting.

Radioisotope Discharge Computation

Discharges were computed from the basic dilution
equation;

Q= g2l 5
G Eq 1a
in the form
CqfF
Q- q—;— Eq 1b

“The decay correction factor is a variable with time, therefore its value is not constant.

where:

q

T -

20

e e ]

R

C2=

F:

injection rate {mifsec)
concentration of injection solution

le/mb)

tlecay correction factor®

R

I# 3

3]

1

n

F
k

rs antt (b) counting shield. Top Photo P245.D-6550D,

and

catibration {actor for sample flask and

shield

concentration of calibration solution
le — Ryl = net count rate corrected

for decay
gross count rate

background count rate

net count ritte from calibration solution

corrected for decay




All radiation counting was performed using the
equipment in the mobile laboratory, Figure 9,

Spiral Case Fiowmeter

An elbow-type ftowmeter (named a spiral case
flowmeter) was instaled on the turbine during
construction. This flowmeter was used as an
independent measure of discharge and indicator of the
steadiness of flow in the system, The discharge
indicated by the flowmeter was compared to the
discharges measured by the radioisctope mathod to
tHetermine the repeatability of the radioisotope
measurements.

A calibration of the flowmeter was performed in 1954
by the salt velocity method. Before conducting the
radioisotope measurement the pressure orifices in the
spiral case were inspected and cleaned to provide the
smooth flow surface of the calibration.

The flowmeter was designed to produce a differential
of about 7 inches {17.8 cm) of mercury for a turbine
discharge of 500 cfs (14.2 cu m/sec). A mercury
U-tube manameter and differential pressure transducer
were connected across thz pressure orifices, Figure 10,
To minimize fluctuations in the differential pressure,
1/16-inch  {1.6-mm)} inside diameter by B4-inch
{239-cm) long damping coils were placed in the piping
ghead of the transducer and manometer, An amplifier,
digital counter, and tape printer were used to record
the differential in inches of mercury, Integration of the
differentizcl was made for 10-second intervals and then
printed on tape. Segments of these tape readings
corresponding to the time of constant rate of tracer
injection were used to determine the rate of flow in the
pipe. Average manometer differentials were taken from
the tape to determine the discharge from the
flowmeter calibration curve.

Figure 10. Spiral case flowmeter instruments—(a) mercury manometer; (b] pressure transducer; (c) damping
eoils; and (d) amplifier, digital counter, and printer. Photo 245-D-65595




e warans: ENN

Results of Discharge Measurements Tables 3A, B, and C and 4A, B, and C {Appendix)
. ‘include the radiological counting data used in

Discharges computed by the radicisotope dilution computing the discharges of Table 2. included in

method from: discrete samples taken at 36.5 diameters Tables 3 and 4 are the statistical errors of counting the

did not show satisfactory mixing of the tracer and samples taken from the penstock.

flowing water, Table 2 {Columns A, B, C, and D).

Table 2

DISCHARGES MEASURED BY DILUTION METHOD

! (1969)
. Measurement ‘ ” " Spiral case
o number Sample : flowmeter
. A B ¢C D E F* G :
i {cubic feet per second)
p—2 303 213 280 837 35 311 325 306
D-10 285 205 279 B96 . 300 302 318 305
o+ 39
D—11 348 273 284 298 302 303 3756 306
D-—-12 293 272 306 327 268 300 368 } 306
D-13 305 264 - 277 274 306 296 - 312 303
D-14 397 ¢ 253 275 272 305 295 312 303 - L
F . D-15 _ 296 - 263 313 314 291 296 - 310 303 =
T : D—-16 - 304 256 318 321 295 281 -~ 313 33m

{cubic feet per second x 0.0283168 = cubic meters per second)

*F=A+B+C+D in equal volumes o
** *Excessive sampling time _ o Counted in flask

LOOKING

919
_ / DOWNSTREAM DIAMETERS
36.5 PIPE
l OF 7-, 6.5-
DIAMETERS AND. E-Foor
\ 7.0 FOOT

PIPE PIPE




Samples taken from the pipe at A, upper right
quadrant, showed larger variations than at the other
sampling points, Table 2 and Figure 11. Samples from
B. lower right, resulted in consistently lower discharges
than the other taps. With the exception of
Measurements D-~89" and D-10 discharge
measurements based on taps C and D agreed favorably,
Figure 11,

The large wvalues of discharge computed for
Measurements 9 and 10 at position D were believed to
be caused by a partial plugging of the small injection
orifice. The orifices were cleaned the following day.
Results thereafter did not show as large a variation
from the arithmetic mean.

The smallest deviation hetween the computed
discharge and that indicated by the spiral case
flowmeter was Sampte E. With Sampie E the isotope
could have undergone mixing in 50 feet {15.2 m) of
hose and about 50 feet of plastic tubing. When
compared with the spiral case flowmeter in the
enuation:

Osc — QR

1 )
Oeo »x 100 Eq2

% deviation =

The deviation ranged from a +0.7 percent to a+5.86
percent,

The radioisotope method showed discharges less than
the flowmeter. This could imply that with injection
near the wall the tracer had not diffused completely
across the sampling section. These results indicate once
again either inadequate mixing or possibly inadequate
sampling techniques. Large volume samples and careful
preparation of the counting flasks tended to minimize
errors due to sampling,

Blending of equal parts of the four discrete samples {F)

_.into a composite did not provide satisfactory results
with respect to the pregram goal. The variations in the

computed discharges were slightly higher than for the
samples mixed by fiow in the hose and’ plastic tubing.
The deviation ranged from +7.6 percent to a —0.7
percent, Sample F, Table 2.

450 TCO 896
DATA FROM TABLE 2
n \} 7 A MIXING LENGTH
36.5 DIAMETERS
. _ !f OF 7-FDOT PIFE
400 / &
F \
Ltc N Vs B\\_} \
D ~ \

|
Y AY
W 350 | E \
8 . X 7 \
" P4 {IN / \
z LA - \; __
x L (N : :
@ 300 VA N it 8 AL e =
o \ / . — — —
7 — _.
* / —— | . .
250 .
_ B—=7
// 1
200l W : K
9. 10, £ 11 12 13 14 o 15 e l EY B
MEASUREMENT D- | : : : : .. i
Figure 11 D:scharges measured by rad:onsotape—Dllutmn method ' ;
/}f/ _ Numbermg Contmued from dllunon measurements in 1968
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Thit last sample from each injection was extracted at
the entrance to the turbine. No suitable monitor was
avaifable for determining the tracer plateau from the
small flow rate of the sample. Therefore, data from
measurements made in previous studies were used to
compute the tracer travel time from injection to
sampling. In the first four measurements, Sample G,
the computations showed a discharge larger than
expected. A shortening of the plateau of constant rate
injection was caused by a longitudinal diffusion of the
tracer.

FLATE AL

i FLAKA
BAMPEY

TIME

ACALLY. RECOHD
AMD
IRTRGRAVEL SACPLY

CDNSENTRATIDN

SO ———— |

Tne tirie allowed for sampling exceeded the plateau
time angd resu!ted_.in a dilution of the tracered sample.
The diluted sampfe indicated a ilarger than actual
discharge. To compensate, the sampling time was
decreased in measurements 13 to 16 by delaying the
start of the sample and ending the sample earlier.
Instead of a 3-minute sampling peried, a 1-minute
sample was obtained at the same flow rate of 15
gallons per minute (gpm) (0.09 liter per second). A
1.5-gallon {5.7-liter) sample was sufficient to prepare a
flask for counting.

Agreement among discharges {D—13 to 16} computed
from Sample G, Table 2 was very good to within 1
percent. This agreement was expected because of the
long mixing length and the
technigues, The variation was slightly wider among the
discharges commutcd-from’ Sample .G and those from
the flowmeter, up to 4 percent, Measurement 16.

Cenclusions from Flatiron Measurements

The \."ariation in the discharge computed for the

D—13 to 16 that sampling and counting techniques are
developed to a satisfactory degree of precision. A
monitoring system or longer injection periods would be
“necessary to assure that a sample was obtained during
the plateau time. "

'D:scharge measurements made with:mixing lengths in
the order of 30 tou 40 diameters of pipe indicated
inadequate ‘mixing. Both the 4-point injection and
4-point- sampting of the tracer occurred in the same
angular focations in the pipeline. No opportunity was

improved counting

available to rotate either the injection or sampling with
respect (e.g. 90%) to each other, Such rotation may
have indicated larger discharges because of possible
deficiencies of tracer in these quadrants of the pipe. A
greater number of samples taken from the pipe cross
section or a greater number of injection points could
possibly improve the accuracy of the discharge
measurement. To meet the program objectives of
simplicity, minimum interference, and the constraint
of performing the measurements with existing
cornditions in the pipeline, the study was limited to
4-point injection and sampling near the wall of the
pipe. This number of locations was not sufficient to
attain a plus or minus 3/4 of 1 percent inaccuracy of
measurement. Additions to the injection or sampling
equipment for short pipe lengths reduces the feasibility
of making measurements quickly and with a minimum
of interference with powerplant operations. An
additional numiber of injection and sampling holes
placed in news structrues could improve the possibility
of accurate measurements.

DEMONSTRATION AT POLE HILL
POWERPLANT

Measurement Facilities

A single turbine and generator were installed in the
Pole Hill Powerplant as part of the Colorado-Big
Thompson Project. The Plant develops 47,500
horsepower for a discharge of 550 efs (15.7 cu m/sec)
at 815 feet (249 m} of head. Warer is supplied from a
gated inlet structure through an 8-foot {2.44-m)
diameter, 2,M4-foot (623-m} long penstoek Flgures
12 and 13. '

Equipment for dilution and measuring the radioisotope
quantities far the discharge measurements was instailed
at the Pole Hill Powerplant site, A buiiding located
about 500 feet from the plant served as a field
lahoratory, Figure 14. The radioisotope shipment was
received in Denver and transported in the mobile
nuclear laboratory to the field site. All dilutions,

. caliprations, and radiation counting of the samples was
maximum mixing fength in the pipeline indicated for

performed . in or near the powerplant. Prepared
guantities of " isotope to be injected for discharge
measurements were transported from the powerplant
to the penstock gate structure in a shielded
compartment of a station wagon, Figure 15.

Radioisotope injections were made thraough a "ring”
manifold upstream from the entrance to the penstock in
the gate structure, Figures 12 and 16, The manifold was
constructed from 3/4-inch {1.9-cm) electrical conduit.
Forty, 1/16-inch {1.6-mm) holes were dritled in the face
on one side of the ring, Figure 16. This number of holes
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Figure 13. Pole Hill Pawerplant and part of 8-foot-diameter penstock. Photo P245-D-57541




AT

Radioisotope preparation equeipment in Denver Office
hot laboratory. Photo 245.D-65587

Radioisotope equipment located in building near Pole
Hill Powerplant. Photo P245.D-67542

Figure 14. Radioisotope dilution apparatus in office
and field labaoratory,




Field laboratory building-- Radiotracer guantity being
placed in shielded compartment of a station wagon tor ;;
) transfer to penstock gate structure.  Photo e
it P245-D-G7543
i &
e Shivided compartment in slation wation and plastic
Z bottle tor radicisotope, Photo P245-D-65588
!
Figure 15. Radioisotope transfer to injection jocation. 4
=

14 =2




Figure 16, Laborotory operation of injection manifold and installation in
penstack gate structure. Left Photo PX-D-67545, right Photo PX-D-57544

would discharge water ot the rate of 6 gpr {C.38 liters
persecond) at 15 leetof heed 14,6 meters).

The manifold was inseried into the flow with the aid of
o winch and airfoil-shaped rod designad for a propeller
currend meter system, Figure 16. The winch was
installed over o hatchway and the manifold ettached to
the rod was lowered into the flow. A rubber hose
connected the manifold to o water pump, Figure 17.

Water was pumped from near the gate chamber waler
surtace down to the manifold located an the penstock
entrance centertine 13.3 feet {4 m} Lelow, Figure 12,
Radiotraee: was added to the pumped flow near the
pump ouilet, Figure 17, The mixture was cariied down
the hose through the manifold and into the penstoek,
The tracer was swept directly from the manifold into
the penstock without circulating in the gate chamber,




Frgqure 17. Radiosotope injection systenmi- 1ol water
puamp; (B trucer pump; te) tracer puret: ¢ purge
cylinder; {¢) tracor inflow lo pumped watwer, and (f)
hosn ta manifald, Photo PX-D-G7546G

A diaphram-type aump operated at 230 strokes por
minute from 11G-volt, 60-H, supply line was used 1o
foree the radiotracer intoe the pump How, Figure 17.
The conacity ot the pump was 9,000 miliitivers per
hiout and the How rate could b adjusted by ehanging
the stroke length of the piston ¢riving the diaphram.

A graduated buret {or the radiotracer was placed above
and cannected to the pump intake. The burel was
sunphied with a small air inlet at the bottom, Air was
bubbied mto the buret by a syringe butb to mix the
tracer and diluting water, The tracer injection rate was
about 2.5 milliliters per second. A visual monitoring of
the buret uutflow was used to assure the constancy of
the injection rate and to compute the average injection
rate.

A water purge cyhinder pressurized by hand-pumped air
was connected near the cutlet of the buret. The
cylinder provided water to completely flush the tracer

trom the digphram pumn into the water pump low,
Figure 17,

Discrete and flow-through samples were obtained from
the penstock near the turbine entrance, Figure 18, A
34-inch [1.9-em) pipe manifold fed by 4-1/4.inch
(0.64.cm) holes was attached to a pressure reducer .
The pressure reducer, described in previous reports,
provided a flow of about 20 apmi (1.2 liters per second)
to asample tank,

Figure 18. Sampling system—{a) sampling from
turbine inlet; (b) sample tank; and {¢) discrete sample
containers shiekded from sample tank by distancy andg
coneretn wall, Top Photo PX-D-67547, middle Phato
P¥.0-67548, bottom Photo PX.D-57549

Three samples were extracted near the entrance to the
total-count sample tank, Figure 18, The three samples
included the increasing, the piateau, and the decreasing
part of the concentration of tracer-penstock water
mixture, see page 11,




A water sample for radiation background was obtained
for cach of the discharge measuremnnts.

A radiation counting system using the sample tank was
operated from the mobile nuclear laboratory perked
inside the powerplant, Figure 19, A shielded flask
counting system was instalicd one {loor below where
ample shielding could be maintained between counting
systems and samples, Figure 20. The radiation count
from the sample tank and discrete somples provided
data for computing the discharge by the total count,
integrated sample, and dilution methods  of
measurement.

Figure 19. Mobile nuclear laboratory inside
pawerplant {stair 1o top of gencrator on ieft). Phow
PX-D-67550

Results of Discharge Measurement

No definite superiority was indicated by any ol the
three radioisatape methads used to measure ths
discharge. The discharges for Measurements PH--1,
PH~-3, and PH—4 showad fairly consistent results,
Table 5. In PH-1 the dilution methad gave a discharge
value about 2 percent lower than the total-count and
integrated sample,

In Measurement PH-—-2, the total count agreed well
with the previous measurement, the dilution was teo
high indicating an error in sampling and/or eounting,

Figure 20. Shielded tlask counting system one fioor
below mobile taboratory. Photo PX-D-67557

Table 5

RADIOISOTOPE DISCHARGE MEASUREMENTS
POLE HILL POWERPLANT CEMONSTRATION

Measurement
number

Nae August

1964 Total count

29 PH--1 391°
(11.1)*°
29 391
(11.1)
30 389
(11.0)
3o 390

(11.0)

*Cubic leet per second
“*Cubic meters per second

Dilution
method

Integrated
sample

Spiral case
flowmeter

384
(10.9)
401 -
(11.4) ()
393 392
(11.1) {11.1)
392 395
{11.1) (11.2)

392
(11.1)

399
(1.3
398
{11.3)
398
{11.3)
397
{11.2)




and the sample for the integrated sample was lost
because a part of the sample was mistakenly discarded.

A difference of about 1 percent occurred for the
discharges computed by the three methods in PH-3.
The difference increased 1o about 1.3 percent in the
measurements of PH-4,

The discharge computed by the total-count method
were consistent, varying by about 0.5 percent The
deviation was the same as indicated by the spiral case
flowmeter.

The spiral case flowmeter of the turbine had been rated
during 1969. Two current-meter gaging stations had
been established in open channels upstream from the
powerplant. Measurements for these stations agreed to
within about 1 percent. The flowmeter discharge in
Table 5 was obtained from a spiral case flcwmeter built
by project personnel. The fiowmeter related the
differential of a 20-inch sloping-tube mercury
manometer to the current meter ratings. An analog
recorder continually charted the indicated discharge in
cubic feet per second during each of the radioisotope
measurements.

A difference of about 1.5 percent based on an
approximate average of 382 cfs {11.1 cu m/sec) for the
radicisotope method and 398 cfs {11.3 cu m/sec) for
the flowmeter was observed between the two methods.
This difference anpears to be within the error expected
for about 95 percent confidence in either the
radioisotope or flowmeter measurement systerns,

Conclusions from Pole Hill Measuiemensis

‘The demonstration of the radioisotope. method at
Pole Hill Fowerplant was satisfactory but indicated

e

minor improvements .still may be necessary in
procedures, Deviations between the radioisotope
methods may be reduced by further refinement of
sampling and counting technigues. These
measurements indicate that with 255 pipe diameters
of mixing length, multiple injection points, and a
stable counting system, discharge measurements can
be made with radioisotopes to an accuracy within
an estimated prohable 20 error of 1.5 percent.

The time required to make measurements is large as
compared with that for the salt wvelocity and
pressure momentum methods.! The time required
for installation of injection and sampling eguipment
is less than salt velocity. Automation of both
methods might lessen the time factor in favor of
the radioisotope.

APPLICATION

The methods and procedures developed in the
program for discharge measurement may be used for
closed and in some cases open conduits wherever
radioisotopes are applicable. Procedures written in a
publication under the title “Recommended
Procedures and Equipment for = Radioisotope
Discharge Measurement in High-Head Hydraulic
Machines,” TID-25499, resulting from these studies
should be carefully followad to ubtam the
maximum accuracy and precision, The method is
considered to be a technique of measurement for
intermittent use and not one for continuous
discharge measurement,

! TID-28177, “Discharge Measurements Usmg Radro:sotopes in High Head Turbmes and Pumps at Flatiron
.Power and. Pumping Plant,” December 1968, Appendix |.
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APPENDIX -

FLATIRON POWER PLANT MEASUREMENTS

TABLE 3 MEASUREMENTS D-9 TO D.12
TABLE 4 MEASUREMENTS D.13 TO D-16




Tﬂ#e&A

MEASUREMENTS D-9 TO D-12

DILUTION FLOW MEASUREMENTS
FLATIR@N P:Pes ~~ P%?TGCK 42

N

SAMPLE DATE FLow TATAL STATISTICAL
CF /S COUNTING ERRER

08706769 302.78 0.41 PCT
08/06/69 213.22 0.36 PCT
08706769 277489 0.39 PCT
08/06/69 B836.95 0.77 PCT
08706769 304.79 0.46 PCT
08/06/769 310.62 0.47 PCT

TmoO®@»

08/06/769 284.83 0.4 PCT
08 /706769 204.7 0.44:PCT:
08/06/69 279.48 0.39 PCT
05/06/769 896.12 0.79 PCT
08/06/69 300.19 0.46 PCT
N3/06/769 302.19 0.46 PCT.

TMOGmP

08 /07769 348.06 0.4 PCT
'0R/077/69 273.42 0.44 PCT
08 /07 /69 284.43 0.36 PCT
08 /07 769 298.35 0.39 PCT
08/07/69 302.23 0.45 PCT
08/07769 302.92 0.39 PCT

A
B
c
D
E
F

08/07 /69 292.54 0.36 PCT
0B /07769 271.57 0.42 PCT." -
0OB/07 /69 306+46 0.36 PCT
08 /07 /69 326.56 0.39 PCT
DR /07 /69 298.3  0.44 PCT
08/07./69 300.05 0.38 PCT

TmoQWD




Table 3B

DILUTIBN FLB4 MEASUREMENTS
FLATIRGN PsP. =-- PENSTOCK #2

BR-32 ACTIVITY REFERED Td: 0B/04/69 10:00
INJECTION DATA:

R UN DATE CANC. ~INJ..RATE REMARKS
. UG /ML ML /3

0~-9 N3 /04769 59.2187 T.0153 = 63 PSID
D-1n 0B /04769 39.278 69897
D-11 08 /04/69 95.436 T 977

D-12  03/04/69 95.436 B.882

SENSITIVITY AND DEADTIME: _ .
D@1 w 307 .29 1/5/UC/CF += 0.342 PCT USEC
D@&H F = 305.07 1/5/UC/CF +~ 0.256 PCT 2 USEC

CBUNTING DATA:

DATZ START COUNTER. GRAS5S TIME BGND
TIME : {5EC)

03/06/69 16246 DBI-8 . 239438 1320 23274
N8R /N6/69 14217 D2-8 256602 1020.1 23274
08/06769 16:2, D3-8 246365 1260 23274
NR /06769 16258 D3-T 137447 1499.9 23944
03706749 14215 D3=7 250439 1320 23944

08706769 17:53  D%9-7 - 243237 1370 26803

A
B
I
. D
E
R

NB/NE/69 15213 D@8 232911 1200 23274
Q8 /06769 15:47 DB-7 252838 10N0 23944
‘08 /06769 15:40 DD-B 244423 1260.2 23274
03 /06769 15215 DD-7 147265 1654.9 23944
08/06769 16214 DB-T._ ° 249833 1360 23944
08706769 17:27 NE-7 246776 1370 263808

TmoQLD

T 0B/NT/69 14:26 DU-B 222943 1199.8 263888
OR/0T 769 15:28  DOG~7 272572 1200.1 24377
0R/07/76%9 13:34 DOP-8 . 266566 1200 26888 -

. 08707769 15:20 D3-8 255364 1200 25532
‘OB/07/69° 314342 DB-7 254286 1200 ~ 24377
08707769 16:11 DB-8 . 248952 1200 25582

08/07/69 14:52 D2-8 278847 1200 26838 -

OB/0T/69 1535t D@7 297661 1200 . 24337
08/07769 14:00  D@-B . 272011 1200 =~ 268R38
08/07./69 15:45 D@-8 257181 1200 . : 25582
‘NB/07T/6%9 15305 DB-F 278792 1200 24337 -

- 08707769 16349 DB@-8 270752 1200 = 25582

Mo Q@LPl WMMODOWD




Table 3C

DILUTIBN FLO4 MEASUREMENTS
-FLATIR@N Pe«Pe. ~~ PENSTOCK #2

SAMPLE: DATE- FL @44~ TETAL STATISTICAL
CF /5 COUNTING ERRIR

OR/06/6%9 325.08 0.43 PCT

0B/06/69 31782 0.43 PCT
0R/07/69 375.21 0.48 PCT

0B/07/69 368.46 (0.45 PCT




RUN

D=9

D~i0
B-11
D-12

DATE

08 /04769
0B /04769
N& /04769
08/04/69

L |
=

- Table 3C—Continued

DILUTION FLZ4 MEASJREMENTS
FLATIRON P.P. =

= PENST@CK #2

CONGC.
Uc /ML

59.278
59.278
95.436
95436

~BR-82 ACTIVITY REFERED TQ: 08

/04769 10:00

INJECTION DATA:

INJe.

T 0
&8

RATE REMARKS
ML /5

18 P =
97

T:977

3.8

SENSITIVITY AND DEADTIME:

D B=7

De-g

R UN

D=9
b=-10

P~11

F = 307 .29 1/3/UC/CF +-

g2

65 P3ID

0.342 PCT T

F = 303.07 1/5/UC/CF +~ 0.256 PCT T

SAMPLE

DATE

08 /06769

08/06/69

08 /07 769

08707 /769

COUNTING DATA:

START
TIME

17214
17 240
14320

13258

CAUNTER

oeg-8
p@~3
Dpa=-7

Da=7

24

GROSS

214480

213957

215050

238672

TIME
(SEC)Y

1260

1260.2

1200.1

1199.8

USEC
USEC

BGND

23145

23145
24137

24137

TIME
(5EC)

600
600
600, 1

500+1



Table 4A

MEASUREMENTS D-13 TO D-16

DILUTION FL@W MEASUREMENTS
FLATIR@N P.P. =-- PENSTOCK #2

RUN SAMPLE DATE FLauw T@TAL STATISTICAL
CF /s CBUNTING ERROR

D-13
D-13
D-13
D-13
D-13
D-13

08/13/69 395.03 0.39 PCT
08713769 264.28 0.31 PCT
08713769 27996 034 PCT
08/13/69 274+24 043 PCT
08713/59 305+65 0431 PCT
08/13/769 296+31 0Q.32 PCT

TmoQE D

08/13/769 39685 0.38 PCT
08/13/69 253.23 0.3} PCT
DB/13/769 274.88 033 PCT
08713769 272.03 0.29 PCT
08/13/69 305:3 0.31 PCT
08713769 294.77 0.35 PCT

D=14
D-14
D~14
D-14
D-14
D-14

THOoOQED

0B8/14/69 295.77 029 PCT
DB/14769 262.8 - 0427 PCT
G8/14/69 312.82 03 PCT
DB/14/69 31372 0.28 PCT
08/14/69 290.89 0.24 PCT
0B/14/69 295.5 0.27 PCT

D-15
D-13
D-15
D-13
D=-15
D-15

A
B
C
D .
E
F

D-156
b-16
D~-16
b-16
D-16
D=-16

08/14/69 304.06 0.31 PCT
0B/14/69 256.45 0.29 PCT
08/14/69 318¢16 - 0.33 PCT
- 08/14/69 32124 0429 PCT
" 08/14/69 296.17 0.27 PCT
08/14/69 280.97. 0.31 PCT

MTEmUQmD




Table 4B

DILUTI@N FLZW MEASYREMENTS
FLATIRS9N P-.P. =-- PENSTACK #2

BR-B2 ACTIVITY REFEZRED TO: 08/11/69 10200

INJECTIZN DATA:

RUN DATE CONC. INJ« RATE REMARKS
: uc /7ML ML /S

D-13 08/11/69 55.2 7.3746

D-14 © 0O8/11/69 55.2 7.4534

b-15 0RB/11/69 104.855 S+7379

D-16 08/11/69 88.568 ‘Ba8&16

SENSITIVITY AND DEADTIME: ;
329.42 1/5/UC/CF +- 0.072 PCT T

De-7 F =
D9-8 F = 320.77 §/8/UC/CF += 0.16 PCT - T
CRUNTING DATA: .~
R UN SAMPLE DATE .START COUTER GRESS
TIME s
D~13 A 08/13/69 14:22 D2-8 185969
D-13 B 0B/13/69 15:13 DB-8 = 252496
D-13 C 08713769 16:04 DB-8 238661
D-~13 D 08/13/69 15:49 DO-7 249030
D-13 . E ‘08713769 14:15 D@-7 232582
D-13 F 08/13/69 16:37 D@7 230965
D~14 A 08/13/69 14:49 D@-8 178857
D-14 B 08/13/69 15:38 DO-B 255401
D-14 c 08/13/69 16:28 DB-B 2427 46
D-14 D 08/13/69 16:13 D@-7 251260
D=-14 E: 08/13/69 143138 DO-7 233387
D=-ta F- 08/13/6%9 16353 D@=-8§ 227997
D=-15 A 0B/14/69 13:56 D@-8 - 313018
D-15 B 08/14/6% 14:46 DO=5 341717
D-15 c. 08/14/69 15:36. D@8 291287
D=15 D . 08/14/69 15334 D@-7. - 249598
D=15 E 08/14/69 14248 ~DO-7 321319
D=15 F " 0871476516317 DB-7 259395
e A 08/14/69 14321 D@-8 267764
B 08/14/69 15311 DO-§ 304850 '
o ‘08714769 16200 ‘D=8 = 252905
5 . D. 08/14/6% 13354 D@-7 258186
' 1B 08/14/69 15211 “DO=T . 277303
R

nn

3.05
1.92

TIME

08/14/69 16:26 DB-8 . 278192

{SEC?}

1200.3
1200. 4
1200
1200
1200

1200
1200.3

1200

‘1200

1200
1200.4

1200.2

1200.2

1200
1000

1200
1000

1200

1200.2
1200:3
1200.1

i1200
.1200.2

UsSeEC
USEC

BGND

26642 ¢

26642
22764
22816
22200
22816

22642
22642
22764
22816
. 22200

22764

22536
22536
23408
24131

T 25594

24131

22536
- 22536
123408
24131
25524

23408 “:60f]




e

Table 4C

DILUTIGN FL®W MEASUREMENTS

FLATIRGN P.P. -~ PENSTOCK #2

RUN

D-13

D-14

D~15

SAMPLE

DATE

08713769
08713769

08/14/69

0B/14/69

FLOW TO@TAL STATISTICAL
CF/5 CAUNTING -ERREOR

312.26 0.32 PCT
312.37 0.32 PCT
309.7. 0.25 PCT

313«1. 0.25 PCT




Table AC—Continued g

DILUTIEN FLOW MEASUREMENTS '
FLATIRON P.P. -- PENSTE@UK #2
BR-82 ACTIVITY REFERED T@: 08/11/69 10:00

INJECTION DATA:
RUN  DATE CENC.  INJ. RATE REMARKS

UC 7ML ML /S

D-13  08/11/59 55.2 7.3746 R
D=14 08/11/63 55.2 74534 '
D~15  08/11/69 104.855 847379 5
N-16 08711769 88.868 8-8816 ) '

SENSITIVITY AND DEADTIME:

D@-7 F = 329.42 1/S/UC/CF +- 0.072 PCT T = 3.05 USEC
DB-8 = F .= 320.77 1/SAUC/CF. += 0.16 PCT T = 1.92 USEC
B = COUNTING DATA: ]
RUN SAMPLE DATE START COUNTER GR@SS  TIME BGND  TIME
- TIME ¢SEC) ¢SEC)
D-13 & 08713769 15:02 D@-7 225799 1200 22200 600
D-14 G 08/13/69 15:25 D@-7 226286 1199.9 22200 600
:@ 9-15 G 08714769 14:00 DB-7 308699 1200 25524 660
”?D—IB G 0B/14/69 14124 D@-T 268218 1200.1 25524 660




7-1750 (1-70) ‘
Burewu of Reclamalion

CONVERSION FAC’I‘ém——BRTTISH TO METRIC UNITS 0% MEASUREMENT

The fallowking conversion faciors adopted vy the Bureau of Reclamation are those published oy the American m_i_éty for
Testing and Materialz (ASTM Metric Practice Guide, E 380-58) except that additicnal factors {(*) commonly used in

the Bureau have been 2djed. Further discussion of definitions of quantities and units is given in the ASTM Matric
Prastice Guide. ’

The.metric unitz and conversion factors adapted by the ASTM are based o the "International System of Units" {designated
8I for Systeme Inlernationa! d'flnites), fixed by thz International Committee for Weights and Measures; this system is
also known 25 the Giergi or MKSA (meter-kilogram (mass)-seccnd-aippere) system. This system has been adopted by
the Internationz! Organization for Sandardization in [SO Recommendation R-31,

The metric technical unit of force iz the kilogram-force; this is the force which, when applied to a body having a

mass of 1 kg, ?ives it an acceleration of 9, BUG65 m/sec/sec, the standard acceleration of free fall toward the 2arth's
comter for sca level at 45 deg latitude. The metric unit of force in St units is the newton (N), which is defined as

that force which, when applied to a body having a mass of 1 kg, gives it an aceeleration of 1 m/sec/sec. These units
must be distinguished from the {inzonstant) local weight of 2 body having 2 mass of 1 kg; that is, the weight of a

body is that force with which a body is atiracted to the earth and is equzl to the mass of a body multiplied by the
acceleration due to gravity. However, because it is general praclice to use "pound™ rather than the technically

correct term "pound-force, * the term “kilogram" {or derived mass uwnit} has been used in this guid= instead of “kilogram-
force” in expressing the eonversion factors for forces. 'The newton unit of force will find increasing use, and is

essential in 87 units. - B . :

Where appraximate or nominal Fnglish units rre used to express a value or range of values, the converted metric units

In parentheses are also approximate or nominal. Where precise English units are used, the converted metric units

are axprezsed as equzlly significant values. B
Table 1

QUANTITIES AND UNTTS OF SPACE

Multiply : By To cbtain’
LENGTH

35. 4 (exactly). . . +« . . Micron
25.4 (exactly), . . Millimeters
2.54 (exactly)*. . Centimeters
30. 48 (exactly) . . . . Centimeters
0. 3048 (exactly)*. .. . . Meters
.. . : 0. 0003048 (exactly)}* . . Kllometers
Yards . . . . 0. 9144 (exactly} . . . . Meters -
. Miles {statute) 1,608.344 (exm:tlyy* - . Meters
PP 1. 608344 (exactly) . . . . Kilometers

AREA

Square inches . . . I Square cenlimeters
3quare feet . L . Square centimeters
0.0 . . Square meters
Square meters
Acres ... . . . + . .. Herctares
. . a e a a s Square meters
e e e e : - Square kilometers
Sqguare miles . . . ) Square kilomsters :

Cubic inches . N . . . Cubic centlmetors
Cubic feet . Cubic meters 7
Cubic meters

Fluid ounces (U.5.) . . . 28,5737 Cubic centimeters
. ; 20,5729 Mill'liters
Liguld pints (U.8,) . ) ' . .. . . Cubic decimeters
- . Q. Liters
Quarts {U.5.) . .. . 58, T T, . . Cubic centimeters
' AR Liters
Cubic centimeters
Cubic decimeters
B . .. Liters .
0.00378543*, , . Cubte meters
4.5460% , , . ~« ».. Cublc decimaters
B . : . . . . . Liters
Cubte feet. . - L e . . ... Liters

Cubic ?m.rds . . co . .« . . Liters
.Mre-_ eet. . . PR , '* .. R Cublc meters




Tablo I1
) [ES AND UNTTS OF MECHANIC:

B : Multiply - By Ta_obtain Multipl By To ohlaln
- : MASS WORK AND ENERGY*
s Gredns (1/7,0001b) . . . .. .. .. a4, 79891{5:5.':!17) v o+ a0 o Milllgrams Britich thermal uniis (Btw), . . , . . 0.262* ... ....... Kilogram calorlas
Troywmes(imm.lns....... 31.1886. . . .. . v .. . . Grema « wa » s 4 1,086,08 v ve 0w, Joules
guncel(avqp............ 232535923” o gﬁams Btuferpou.nd............ Z.gzﬁ(amﬂy}........;au[uaparq‘um
ounds . exnctlyh, . . . . Ams ~pounds . .o, o.o. .4, . bzt ae s e vy Joules
) Ehnrttuns[gﬁml‘b)....._.... £07.185 , ..........xug.?im
Omﬂaﬁ..........Ma!ﬂcwns iy POWER
w2 Longtoma (2,240WMY. . . i, . L 101606, . .. .. oL . " Hllograms : A -
- Horsepower.......-.....’.’45700..........‘.l.'nlls
- N FORCE/AREA Blu par hour S e e e O eadovl. . ..., ., . . Walla
- o . : E Dounds par second , ;. ;o L 1.96682 , . ¢ . . . . . Watis
Pounds per equara lneh . ., . . . . 070307, . . . .. . . BU per squars eenlimeter .
: Ce e e 0.4988478, . . . . . .. . . Nowtons por square centimeler HEAT TRANIFER
Pounds persquarefoct ., . . ., ., 4. r 2 e a1 e« KlogrAams por squere maijer
| bteasonoe, A7.8803. . . . . . . .. . . Newfons per square mater Btuin /rftddeg F fir, .
B 5 tharmal conductivity) . , .. . . . 1442 , , v oeovo0o- v 5 Millwallsfem dag C
MASS/VOLUME (DENSTTY} I 0.1240, , e e Kqﬂ.'lﬂu‘md.sg
: seun/hrzde L4880 . . ... ..... Kgcal m/hr mddey O
Qunoeg parcuble dear, , . L . L L, 1,72688 , ., .. . . . . . CGrama per cuble conlimatar Btu/hr :fl'. dsg [C.
Poundsporcublefont’. . . . . . . . I801B6 ... .. .. ... Klograms per cublc matar etmductans Cr e m s a e 0,668 ..........Mm.lwallafchde o4
. SLuUlUUD opueoms Ll L0l Grams per cuble centimster DUUL asm DD UIUDIDT! Rycalmemdaeg &
‘Tong percubloyard. , . . , . 192004 . . ., . . . Orams per cublie centlmeter i i neqrru-na Bl (R, thermal’ 1781 _—
- - .. _reslg 4 e . ..........D\:Ccm walt
MARS/CABACITY thﬂbd&gF(c, heat capacity). ‘e g.é%g Bk e e 4 e e e é/‘idaqc /
' e xa e deq C
Qunces per qellon (U3} , . ., . s ¢+« » » Grems per liter Fllafhr[thermﬂlduhmlv!ty) e 0.2581 , . ... .. ... c? sac ad
\ Owneaperqn.uonstr.lt.] P « 4« o+« Grams per liter PPN 0.00200*, ., ., . ., M
Pounds per gellon (U,8.) . . .. .. « v « » » o Orams per llier
3 per on (ULFL) o oy ooy o . sz (rams per liter WATER VAPOR TRANSMIBSION
- . BENBING MOMENT OR_TORQUE _° Gratna/hr A2 (wsler vapor
g tramgmisslond . .. oo .. o0 . WLT L ... ... . . Grews/24hemd
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