HYD 581
TiD-25177
GEN 90

DISCHARGE MEASUREMENTS USING HADQOISOTOPES
IN HIGH-HEAD TURBINES AND PUMPS AT .

FLATIRON POWER AND PUMPING PLANT,
COLORADO—BIG THOMPSON PROJECT

Decarmnber 1968 .

Office of Chief Engineer
Bureau of Reclamation
Denver, Colorado

NOT REMOVE FEOH THIS FILT




LEGAL NOTICE
This report was prepared as an account of Government sponsored work, Neither the Unlted
Ewien, nor the Commieaion, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expresged or implied, with respect 1o the accu-
racy, completeness, or usefulness of tha !nInrmnunn'con;q.ln:d in this report, or that the uae
of any jnformation, mpparatus, methad, of process disclosed In this reporl may not infringe”

. privalely owned rights; or

B. Assumes any liabilities with reapect to the use of, or for damages reuulung from the
uae of any Information, apparatus, method, or process discliosed in this report, __

An-used in (ke mbove, “‘peraon acting on behall ¢f the Commisslon™. includes mny em-
ployee or contractor of the Commission, or.amployee of such contractor, to the sxtent that
such employee or contractor of the Commisaion, or employee of such conirzctor prepares,
disseminaies, or providea access o, any information 'purauant to hle employment or contract
with the Commission, or his nmployment with such contractor.

This report has been reproduced dlrectly from’ the best_ .'
avallable copy. : _):

Printed in USA. Price $3.00. Available from the Clearing-

house for Federal Scientific and Technical Information, Na-
. tional Bureau of Standards, U. S. Department of Commerce,
'Spnng‘xexd Vlrglma 22151,

Where approximate or nominal English units are used to express a
‘value or range of :values, the converted metric units in parentheses
: are also approximate or nominal. Where precise English units are
- used, the convered metric units are expressed as equally significant
values. A table of conversion factors--BRITISH. TO METRIC UNITS OF
-HEASUREMENT—-is provided at.the end of this report.

_General Répgr.t No. 40 same as Chemical Engineering Branch Reporf ‘
“No. ChE 83 :and Hydraulies Branch Report No. HYD-587.

" b Qe o7 Tnbemipgt Indpmscpe § papmpiym, Guts Lign, Lyepraey ’




- TID=-29177
- RADIOISOTCPE AND.RADIATION
.. APPLICATIONS . (TID-4500)

" General Report No. 40

DISCHARGE MEASUREMENTS USING
'---'RAD'OlSOTOPES IN HIGH-HEAD TURB!NES
| AND PUMPS |
B AT -
- FLATIRON:POWER;AND PUMPING PLANT
" COLORADO-BIG THOMPSON PROJECT

' N
' by '
J. C. Schuster and R. L. Hansen

- December 1968

CHEM[CAL ENGINEER[NG
"AND'

" 'HYDRAULICS BRANCHES o
DIVISION OF RESEARCH

UNITED STATES DEPABTMENT DF TI-IE INTEBIOR * BUBEAU DF HECLAMATIDN j: =
Oﬂ‘ice of Chiaf Enginaer Danver. colorado R B U o -




ABSTRACT

Techniques and equipment are being developed to improve methods for
measuring flow rate in high-head turbines and pumps. 'A series of dis-
charge measurements was begun in 1967, at Flatiron Powerplant near
Loveland, Colo, to evaluate techniques and equipment developed in pre-
liminary investigatio-s of the:-use of radioactive material. Measure-
ments were made on a 6000-ft-long, 6-ft-dia penstock and on a 6000-ft-
long, 8-ft-dia pump discharge line. Thirty-five injections of radio-
active Bromine-82 were made in the penstock, and 12 injections were

made in the pumpline; “Ninety-three discharge values were computed for
penstock flows and 29 for pumpline flows. Mixing lengths ranged from
47 to 755 diameters; discharge ranged from about 130 to 300 cfs. The
measurements gave good information on lengths of pipe required for nat-
ural turbulence to mix pipe flow and tracer and for additional mixing
caused by a pump. Discharge measurements on the turbipe and pump were
not as precise as desired but were encouraging.
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FOREWORD
.Thié.répoft, a prodﬁct of the'kesearch Division, is issuéd as part
of a contract between the U.Sq&&tomic Energy'commissién énd'the
‘Bureau of Reclamation. The work was COOPefative1§ ‘done by the
Hydraulics and Chemical Engineering Brénches directed by H: M. Martin

. .and L. 0, Timblin, Jr.

The reséérdh was materially assisted by the work of G. A.'Tetér,

U. J. Palde, R. A. Dodge, R. B. Dexter, and L. D. Klein, all of
. the ReﬁéaréhiDivision} €. P. Buyalski, Regional Office,_SacramehEo,
_ 841if6£nia; and the'pefsonﬁel operating and maintaining=F1atiroﬁ

Power ‘and thpiﬁg Plant under the supervision of Messrs. G. R.

‘Highley and L. Willfts.
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> ¢ STNORSIS
A‘series of discharge‘measurements wasﬁconducted on_aAGQOOQ-foot—
.long (1,830 m), 6+£oot-diameter (l.é_m) penstock and'a 6,000-foot-
.long,'o-foot-diameter (2.4 m)-pump-li;e‘of the Flatirom Power;and

Pumping Plant near Loveland, Colorado (Figures.5 and 22).

Thirty-five,separate injections of radioactive BromineeBZ were made
" in the turhine-test series. Ninety-three discharge values-were

computed from these injections because multiple samples were obtained

._~from each injection. Injections were made at 0. 1 and 0. 4 of the

__pipe‘radius from the pipe_wall and at the centerline. These positions

were seleoted'to'show.the effeet-of'the'radial location of aingle-

'point‘injeotion,upon mixing length.d.Heasurements were made in

pipeline 1eng£_ims of about 47, 311, and 645 diameters (D) to show

_;:thevresults ot mixingithe tracer and. pipe'flow for lengths well above
'uand well" below the anticipated minimum mixing 1ength Sampling

. locations were installed ‘at the draft tube, at the inlet of the
turbine,;and'in the penstock at 311 and 47;diameters‘from the

ﬁ injection.. The locations at the turbine were to explore any,unique

.j,effects of the turbine upon mixing or other aspects of the measurement.

:' The sampling locations on- the penstock were made essentially at the
-pipesﬂall (0 04 of the radius) and at the centerline to determine
_the degree of mixing.. Flow measurements with radioisotopes uere ‘com~

'.§pared with flow determinations by a carefully performed pitot tube




traverse made completely acrois two diameters. Also,'resultsmwere*
' -compared with flow measurements as indicated by usge:. of the calibrated
='flt:u'un..ﬂ'.ter:*taps-at'the-t:'url:‘ine.‘ The flowmeter indicatedsdischarges

vranged from about 2 to 6 percent less than. the. dlscharges measured

5 . fu

“.by the pitOmeter. No correotions ‘were made. for -the difference in
-'indication because of the longer time required to perform a pitometer
measurement with respect to the time for the radioisotope method.,.'

.Repeatability of the_measurements was of:first concern and the

o

' e r : - S
spiral case flowmeter ‘gave anﬁindependent measure of discharge and - =

indication of the steadinesa‘pf the flow,
_ . ‘W .
Specialized equipment for these tests includes injection and sampling

:probes which could be located at various positions in the penstock
diameter. Simplified pressure reducers based upon hydraulic studies
" ‘were. developed for sampling the high-pressure penstocks._ Samples )
:'ﬂwere taken at pressures of 350 psl (24. 5 kg/cm ) and &75 psi (33 3 kg/cm )
';“Injections ‘of tracer were«made into the.pipe through four configu-.
'-rations of holes in the injector tips at pressures ranging from
about 295 poi (20,7 kg/en?) to 950 psi (66 5 kgICm ). These studies

were made to explore the’ possihility of using high-pressure injection'

ﬁto reduce mixing length

‘.dA second series of measurements was made on the pump-turbine unit

' -'nof the Flatiron Power and Pumping Plant.: The unit was . operated as

=-“f;a pump to evaluate procedures and techniques used in the: radioisotope




‘ method applied to pump flows Twelve separate injections of BR-B2
uere msde in this tesat series. Twenty-seven discharge values

-uere computed from these injections as ssmples were taken from

.'three places in the pipeline flow. Injections were msde in. the
:pomp flow at & distance of 6 inches (15 cm) from wall of the inlet -
_elbow upstream from the pump . Another injection point was located

' sboot.B-inches (20 co) from the pipe wall downstream from the “pump Fe

. and a butterfly valve, ;A sampling and countingfsystem.contsining '
two ‘tubes for semple uithdrswal was located 1,300 feet (164 D). down-~

stream from the pump.

=

W )
i it

. A second counting snd'ssmpling*system withdrawing sissmple through :

the sidewall of a valve was located 6,044 £eet (755 D) downst*eam

e

from-the pump. A'.calibrated: spirsl casge flowmeter was selected for
the‘dischsrge comparison. The "injection and counting equipment for
.tﬁis‘messurement series waszsimilsr'to that used for the turbine tests.
’ = : '
'_In general, the discharge messurements on both the turbine ‘and pump

'were mnot as precise as desired but were encouraging, Table A.




Table A '

SUHM&RY OF DISCEARGE HEASUREMENTS

‘Measurement

~ No. of Average diseharge,.cfs ~ Deviation

length

46,3 D

..Centerfsamble-

 Side: sample
'310.8D

_Center sample
- Side -sample

1645.3

:81ide ‘sample

T 164D

.07 R-sample
o .57 R sample

"5';;;755 D

Side samﬁleii.m

measurements Flowmeter Radioisotoge gereent

Turbine

’7jA series of discharge measurements for the turbine made by verying

“”tﬁthe configuration of the holes 1n the 1nject£on tip and the 1n1ee-.:

}“iitian Pressure daid not show a 818ﬂ1f1¢3“° EffGCt o the mixing.x-

iDischnrges computed for a- mixing length of 46 5 diameters selected L

"3u o'mnre readily distinguish the chnnge in mixing, dlffered frOm

“ﬁ; fthe flawmeter by +10 to a -30 percent. An average value for 12 f7e[




measurements at the side and 12 at the center of the pemstock appear
. 1in Table A, and the discharges for individual measurements in

Table 4.

Twentyfthree meesurements_were made‘using:310.8.diameters for mixing.
Samples wereiwithdrawn from the centerrof the flow a;d near the |

tsidewall. The deviations for the everage diecharge #aiuee_fron
"theiflcwmeter.and radioisotope.methcd were +3.2 percent for the

tnpcentcrﬁgnd +3;7 percent for the side;feble A. The individual

measurem;nts. flaﬁmeter and radioisotope,-differed by «5 percent
tc-+10,percent,-Tab1e 2. . |

"For-azmixing length of 645'dieneters of the penstock, the average

_ deviatio;n of 12 dischargee in'dicated by the._flcwmeter ‘and radio—

isotope method was +1 2 percent ‘Table A. The deviations for . .

. 1ndividual measurements ranged from ~-1. 8. percent to +4.8 percent

Table 5

_rTwo mixing lengths, 164 diameters and 755 diameters,-were.need in | _
'the §- foot pumpline,; At 164 diameters, the deviation for 11 dischargeﬁ
:measurements was -2.2 percent for a side sampling and ~1.8 percent

1 ;for a center sampling. Of the 11 measurements, the first 6 measure~ -

T}ments by radioisotopes averaged about 5 percent lower than the :

ﬂlflowmeter. These measurements are'believed to be in error and lower o




the average discharge of the 11 radioisotope measurements, Table 6.
The five remaining measurements gave values about 2.1. percent

higher than the flovmeter~-indicated discharge.

For a mixing length of 755 diameters the flowmeter and radioisotope
indication of the pump discharge differed by +0£6 percent for 5

measurements, Table A and Table 7.

The tests gave good information :on lengths of pipe required for

natursl turbulence to mix the pipe flow and tracer injected at

the pipe centerline radiation ‘measurement procedures and injection

aud sampling techniques. These studies showed that injections at j.r

a selex *ed point: between the center and side of the: penstock did

not_produge a significant reduction in the mixing length. The scale

aud_1utensity_o£.the-turbulence for mixing of the tracer_aud pipe

) flow was increased'by-the pump. The mixing in a length of 164 and
-:755 diameters in the 8-foot: pump line appeared to .be satisfactory

"‘ferta tracer‘inject;on“near‘the.pipe sidewall into water flow at

d a velccity‘of about 6 feet per secoud'(l-B mps). 'A"310-diameter
.mixing length for a centerline injection into water flowing about

4, 5 feet per second (1 4 mps) apparently did not result in satis—

_ .factory mixing-produced by'the natural turbulence of the penstock.

‘GSOme of the discharges computed from the samples taken at: the draft
o

'frctube of the turbine were obviously in error and the measurements

fhadhaxgreater_variaticn.than desrrab;e."Investigation using a




ffluorometer ahoued that a aignificaut amount of recirculation

g_fof vater from ‘the tailrace 1nto the draft tube was occurring for

.Athe lesa than maximum discharge uacd 1u the measuremanta._ The

'recirculatiou caused axceasive dilution of the aample being extracted

Vfrom the draft tube and thua an error 1u the diacharge measuremcnta.




INTRODUGTION
The Atomic Energy Commisaion (AEC) and Bureau of Reclamation (USBR)
_.'are cooperating in tlr'e research and development of a radioisotope
‘gydtem for an- improved methcd of measuring discharge in high-head
turbines and pumps. The ‘purpose oﬁ the program is to establish the
'feasibility and deve10p procedurea for making preciaion diacharge

"measurements safely, quickly, and with a minimum of peraonnel_and

‘equipment.

‘The.program'islbeing accomplished in'several:major divisions of work.
'These include program coordination and evaluation, outside contracts,
. literature searches hydraulics, radioisotopes, and 3ystems develop~
ment. Under program coordinatior and evaluation, ‘a. report, 'Totential
Economic Benefita-hrom Use of Radioisotopes in Flow HEasurements.
.‘Through High-ﬂead Turbines and Pumpa," by E Barbour, was written
'_‘for the AEG to show the poaaible~gaina accruing from an accurate eaay-‘
“'_to-apply method of diacharge measurement Appendix l. Under contractf
;H. G.‘Richter of the Research Triangle Institute North Carolina, was
L:unauccessful in developing a radio-releaae procedure for meaauring
;the necesaary concentrationa of tracer ions at the nanogram per

- mmilliliter (ppb) level or- the microgram per milliliter {ppm) level




The program was divided into five phases to cover about 5 years of
work. Phases I and II were completed by September 30, 1966. The
' results, sumarized briefly below, were covered in a previous

report.l/

.In;?ﬁases I and II, an extensive seerch of foreigo and.domeotic
'literaturc produced about 300 references related to.the measurement
of flow using radioisotopes and chemical tracers and on radioisotopes
suitable for making pipeline discharge measurements. An annotatedd
iblioaraphy was Included as a part of a report on contract work done
'-by_Colorado State University, Fort Collins, Colorado. -Iheoretlcal
studies were made -to define aed evaluate the hydraulic paraoeters
that affect and control mixing of the tracer with the flowing water.
A 36-inch-dismeter pipeline 825 feet long was used:to.otudj the mix-
irag and distribution 'of fluorest':ent'dye in flows ranging from 8 cfs
.'to’62.cfe. The measurements resulted in approximately’ l 000 analog
‘records of dye. concentrationn in the oipeline for mixing lengths of -
from 27 to 184 pipe dlameters.ljgj In a separate testing environ-
ment in thedﬂydraulics Branch, USBR, an 8-inch-diameter trencgerent
;lastic'pipeline about'SS feet loog-eos used to measure the mlxing
‘of ‘a ‘sodium chloride solution in pipe flow for eight mixing distances
.~ranging from 12 to 110 pipe diameters A cooductivity probe and'elec-

i;tronic circuitry.were developed to measure the concentration and the

_?ljﬂuqbersjdesignate:refcrences'et end of report  text.




'distribution of the salt solution in cross sections of the pipe.
| The experimental phases included the investigation of tracer injec-.
tion and sampling technidues and the establishment of basic require-

‘ments for accuracy of the equipment. The studies resulted in the

.*_~development of. equations for eatimating diffusion coefficients and

pipeline lengths required for tracer water mixing.

E These equations are K/v 0. 0118 JE Re for computing the diffusidn
coefficient K,. and L/d =9. ZSﬂJi for computing the mixing distance
:L._/ Fcr exsmple,-if f= 0.02.(Darcy—ﬂeisbach) and d = 6 feet,_theni

'L'islabdut\390 feet (about-ds pipecdiameters).

Radioisotoge-cslibraticn, countiﬁg, and ssnpling:procedures were
_ applied to a -sample . tank designed- and fabricated in the laboratory.
The check of procedures included the evaluation of the ‘total error

that might result from each 0perstion. The-msximum-probable error

._-expected at this stage of the program was % 0.73 percent based on.

' the: results of preliminary tests. Improved methods were developed
‘ fcrpradioisotcpe.diluticn and VolumﬂﬁmeasuIEWEnt. ‘A mobile nuclear

_,laboratoryrgas'designed,ipurchased -and-aasembled using USBR'funds.';

:i_'The mobile laboratory is used for performing field tests using radio- _

f;;isotopes in ground-water tracer studies snd flow measurement in -

.;openlchannels-and_closed-conduits.'




Field tests wexe performed during August i§66 in a 320-foot-iong,
10-foot-diameter, high-head turbine:penstock of Flaming Gorge'Dam:_
near-Vernal, Utzah, to field evaluate'procedures and equipment.

Samplee of tagged water'were withdraun from'the-penstock both upstream
and downstream of the turbine for discharge measurements. The planned
objectives of the Flaming Gorge Dam turbine discharge measuremente were

chieved. Huch was learned about the injection, sampling, and general
_procedures necessary:for making radioisotopesfdiecharge'measurements
in a'highehead'installation. The difference between the discharges
‘computed by theﬂradioisotope:method and that_measuredlby the floumeter
..gave;indirect indication that good mixing:did not occur in flows of
~ about 1,400'cfe (design naximum.1,530 cfs) in a pipeline length of
aboutHSOIdiameters for a single jet of isotope introduced'at d;B.of
the radius‘from the pipe wall The flow, between the inJection and

psampling locations, did not have turbulence of sufficient scale and

_ inteneity to produce good mixing in a 1ength of about 320 feet for the .

".;'injection me thod.

'_JStudies,by-other.investigators USing:a.50-point'injection.msnifold,r

:at about 0 38 of the pipe radius from the wall indicated that a

' :.nearly uniform concentration of tracer could ‘be obtained in about

_'20 diameters of 6~ inch—diameter straight pipe 4f The penetock at
*Flaming Gorge contained one 70“ and one’ 80° bend in the 30 diametera
of mixing 1ength and a manifold could not be installed for tracer

- injection.




Heaaﬁrements_at_Flam;ng Gorge were the conciﬁsion of planﬁed work

-.for Fhage II1. Thase III of the joint program reported in the fol-
lowing pages.was started in Aﬁfil 1967 to'inblude a series of dis-
chafge-measurements at a selected powerplant. flatirog Power and
Pumping,Plaq; in the Colorado-Big Thompson Project, Coloradgi was

- chosen ‘for the sﬁudy, A cooperative agréémEnt was made between the
Chief Engineer's Office and the Office of the R.egiorial. Director,
Denver, and South Flatte River'Projects-Office, near Loveland,.
Coldradﬁ;‘tﬁ pefform éhe measurements using a turbine and pump at

Flétiron.

. COLORADO-BIG THOMPSON PROJECT

General Description.

The Colorado-Big Thompson Project (Figure 1) was designed to divert

annually 310,000 acre-feet of surplus waters of thé Upper Colorado
" River watérshed tofthe'eastefn slope at a.ma;imum rate of 550 second-
'feét.:ySurélus ﬁ#ters coilectéd and stored 6ﬁ the western slope are
pﬁmped by tﬁo:pﬁmping plants, WillowJCreek-and Gtanby, to the level
of érand ﬁaﬁhithéﬁ flow by gravify through Alva B. Adams Tﬁnnel';o i

. the ‘eastern slope.

v

Green‘Hﬁﬁnﬁgiq Dém, Resérvoir; &nd waerplant bélow the pquegt é;ol--.,~
l'1ect10ﬁasystém.on ﬁhg_weﬁterﬁsslope.prqvidé for rgp1ac¢men; storage,
f-: 5ﬁdfhfé7bpe#Atedfﬁo;fgéiiitatéiunrést:ictgd.devgi?pﬁent'énd g§§wth~m“
._of;westerq'slope_afeés1&épgndent-oﬁf;he:Uppgr Coid;adoikivdff-‘ 4

- waﬁershéd.
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.Pooer.is.developed in_fourrpowerplants on thefesstern slope in the
.z,dﬁﬁefoot;fall from the east;portnl-of therAlve-B._Adsme Tunnel to
‘the foothills just above the irrigated areas of the project. Marys
rLeke *Estes,i?ole'ﬁillz-snd.Flatiron Powerplants‘include'seven con-
‘ventional generating unite and one . reversible pump-turbine unit which
5poperates from. pumped otorage part of the time.

.Constrnction.- of one ‘._a'd_ditional unit, the ;'Big Thompeon -rgwe'rpﬁm_: .
.was=conp1eted infl9591for.sessonsl power3production. Provision was

made'for‘connection‘ofsthis powerplant to the Flatiron.Switchyard

for utilization of its seasonal power production in the project

' gystem.

ilIn general the Colorado-Big Thompson Project utilizes the - wegtern
]slope of the Continental Divide for tne collection, storage, and
“replacement srea of the project, and the eastern slope down to. the .
lﬁfoothills east of the Continental Divide for- collection, diversion,s
.,and power production. Eastusrd in Colorado is- the major distribution
.{;end service area of . the project: The powerplsnts of the Colorado-
"iBig Thompson Project are’ interconnected .and are all . controlled from
.';the Upper Platte System dispatching office located near - the Flatiron

'rower and. Pumping Plant. ey




Flatiroﬁ}rouer and Pum Pumping Plant

Flatiren Power -and Pumping Plant 1s located about 14.5 miles east

of Estes Park and 4 miles south of the Big Thompson River, Figure 1.

:FThe plant deve10ps power from regulated 'flows in the 1,110-foot fall
.from Rattlesnake (renamed Pinewcod) Reservoir to- Flatiron afterbay

i ror“peakiug purposes.. Water flows from Rattlesnake Reservoir through

| the,Bald Houmtaiu:pressure-tunnel toa SO-foot-diameter, Bl-foot-high

'aurge'tank uear the'outlet'of:the tunnel. Water flowa:from'the loca-

tion of the taukvthrough a wye transition to the penstock valve house.

The valve houae, located approximately 5, 780 feet southwest of the

pouerplant 1s 1,060 feet higher in elevation. Two Bh-inch buttez fly -

valves control flow into the two penatocka, Figures 2A and 3, leading

-‘w_-'

“.to the powerplant Figure 2B.

) .
o I

‘There are two main generators with a total capacity of 63,000 kilo—.

{ ' uatts in the powerplant Figure 4. -These generators are each driven

i

,f}at 514 revolutions per'miuute by a Francis-type “turbine, rated~ﬂt
‘}48 009 horsepower at 1, 055 feet for flows up to :about é80 cfs. The
: i L

' pump-turbine uvoit ia rated at 13 000 horaepower to pump 370 cfa AL

240 feet at a apeed of 300 revolutions per minute Figure 4 As a

:turbiue the it developl 12,000 horsepower at 2 head of 290 feet ‘to

produce 8, 500 kilowatts Erom the motor-generator.

oy




BIMOBILE NUCLEAR
ML ABORATORY
7 TRUCK

Flatiron Powerplant Penstocks - Butterfly valve house
wag about 300 feet behind the camera and Flatiron

Powerplant (arrow) at the afterbay resarvoir in the
distance. Photo P245-D~60413NA

Flatiron Power and Pumping Plant and channel to
afterbay reservoir. Photo P245-700-1502

PENSTOCKS AND POWERPIANT AT FLATIRON

RADIOISOTOPE DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND FUMPS
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| TheﬂFlatiron pump-turbine oPerating as a rump, delivers water from
Flatiron afterbay through Carter Lake pressure conduit and tunnel

into Carter Lake Reservoir.

Generacing Unit 2 and the pump-turhine Unit 3 were used for dig- =~~~

charge measurements using radioisotopea.

DISCHARGE MEASUREMENTS - TURBINE UNIT 2

“Preparations for Measurements

Penstock o

Flatiron Power_and Pumning Plant was chosen for the diacharge mea-
surements because of the relatively long penstocks, Figures 2 and 3.
Turbine Unit'z of'the powerplant was selected because acceptance
tests made in 1954 provided a discharge rating of the flowmeter

(Winter-Kennedy taps) on this unit 5/ The penstock ranging from

7 to 6 feet inside diameter, i exposed for most of its length on ﬁr
N

the hillside above the powerplant.

'fmﬁﬂanwaya, having a diameter of 20 inches, were provided for access

to the pipe interior at'intervala.of aﬁout 275 feet (46 pipe diame--
ters). The mznways were. located on the top of the penatock and at

a clockwiae angle of 135° when an obaerver looks in the direction

of flow._ For eaae of inatallation and handling of radioisotope
injection and eampling equipment, the manways near the bottom of

-.. .\.

~'the penstock cross section were used for the diacharge
"measurementslua”_ﬁf'




Study of ‘the penstock profile and alinement showed that a good mea-

'.suxement section began at a distanec of about 1,900 feet and ended'
3“700-feet downstream from the butterflyrvaive at the entrance to

' the penstock, Figure 5. Thisfsection-was;straight-when viewed in

i plan except for ome 32° 15-foot radius elbon upstream of the last
228 - feet of pipe. The pipe had three small changes in slope in the
test section, the largest of which had an angle of about 9° 20'
.Figure 3. Thus 4n this particular reach of pipe, a mixing [eneth
of . about 311 diameters of essentially straight pipe was available for
discharge measurenents.r The winimum 1ength computed-from the mixing -
-;;nggh equation was 390 feet or about 65 pipe diametets. Thus, the

311 diameters were nearly five times as long as computed from the

'equation. The test reach, therefore,‘provided test lengths both.

- longer and shorter than theacomputediminimum.

: Radioisotope Injection sxstem

TTA mechanical system. was designed to provide for either injection of
. the radioisotope or sampting the tracer-water mixture at points
‘between the wall and the centerline of the penstock.. The supports

. for the . injection and sampling tubes were attached to manway covers
:'replacing the" covers provided during the construction of the pen-
ifstock. The replacement mnnuay covers were provided with a fairing :
lplug to reduce the flow disturbance csused by the manway,p_p

 Figure 6.
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Figu re 6
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The-position'ofithe.injector and.ssmpler in the pipe was controlled
- by”e'I—I(S-inch?dismetercthreeded”bronce stem,".The stem passed
through's handuheel and'hronre nnt thstiwere supported on the manway
‘cover by four legs made from 1- 1/2- by 1-1/2- by 3/16- inch steel
:angles. One end of each stee1 leg wss bolted to the handwheel base-
}plste and the other end bolted to a bracket welded on the manwsy
cover,-Figure-G. . The threaded stem provided s.positive means of
_positioning the injection-or sampling tube in the flow. The stem
—.and hsndnheel_weretrequireduto pushpthe'ljinch-diameter tubes into
.the.penstock against.a force of 165 to 275 pounds csused by the-pen-

stock pressure.

_'The,injector_tube wss made of l—inch-OD:beIIZ—inch iD steel'tubing,
figure.o. .A 1/4-inch'OD S-foot'iength'of stainless steel tuhing
was placed inside the injector to carry radioisotOpe from the supply
:to the pipeline. The stainless steel tubing was - flared and fitted
into & plug at- the discharge end of the injector. This 45° flare
matched the cone machined into the injection tube tip. A mschine
thread connection was used to attach the tip to the . probe Figure 7.

Thus, the radioisotope injection path was continuous and . did not con=

1

R :tsin places thet could trsp the trscer. A single’ hole of 1/16-inch-

or 1/32-inch-dismeter at the . discharge end of the tip was used for

'-isotope injection in the mnjority of the dischsrge measurements.-'"'

ﬂuultiple hole configurations of both 1/32--snd 1/64-inch dismeter
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holes were uaed for additional measurements to determine the effect

of increased injection pressure on the mixing of the tracer and

pipe flow, Figure 7..-_

The injector was ingerted into the penetock thrOugh a corporation

“stop (a'form‘of-plug valve) that had been modified for an "0" ring
seal, Figure 7. A he:tagonal nut drilled to f£it the probe and
ﬂthreaded"to'fit'the stop‘was used to pressure the "0"'ring'around-
-the tube and prevent water leakage from the penstock. The tube
- wasg plaeed in the corporation etOp to nearly touch ‘the closed plug.
The etuffing box wasg. then sealed by the nut, and the stop was
_Opened to the penatock preseure, Figure EA By turning the hand-
a,wheel the;injector ‘then could be pushed into the penstock Figure 8B.
*A hole ‘wasg excavated in’ the ground adjacent to the penstock for |
.clearance of the threaded stem when the atem was retracted ‘to with- '

_“draw the probe Figure 6.' To prevent accidential withdrawal of the f‘

d‘injector while the corporation 8t0p was Open, ‘a. bracket with four

' fadjustable”screws was added to’ the stem-probe coupling, Figures 6

'and-BB.u ‘The - screw 1engths (b), Figure SB were adjusted to touch
fthe underside of the handwheel support plate; after the injection
_‘“or sempling tube was- inserted into the outer endmof the closed

corporation stop. _7.7"




Figure 8

Injection tube ingtalled in preparation for
ingertion into penstock. Photo P245-D-60424

B, 1Injection tube inserted into penstock and connected

to radiocisotope supply tube (a) check valve (b) safety stop.
Photo P245-D-60419NA

RADIOISOTOPE INJECTION TUBE AND SUPPORT

RADIOISOTOPE DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND PUMPS
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5

The radioiaotope solution was forced into the penatock: by a pump-
or pulse-Lype system. The disphragm-typepump operated at 203 strokes
'per minute from a 110-volt 60-cyc1e supply of a. portsble engine-

-igenerstortw The capac'ty of: the pump was 9,000 milliliteru per, hour

':;“Flow rates through the pump were varied by changing the length of

UM
x-(.\.-. [Nt

strohe of the piston driving the diaphragm.

_?”The pulse system'wns'conscructed of 1 SOO-psi sample cylinders and i
,!;J’QOO-Psi piping and vslves Figures QA snd B. A 1- liter cylinder;j.
ﬁnaas used to hold the' rsdiotracer“before iniection intonhhe Penstock, o
_pa 78 liter cylinder wss osed to hold water to pufge the tracer 1_:_¢-

lghcylinder after injection.- The pipe was arranged to apply pressure ?fifﬂﬁ :

'?.from s 2 OOD-psi nitrogen bottle to the trsce fcylinderasnd,thenatow

Tt he uater purge-for rinsing, Figure g&?

' .3':1ess steel tubing'carried the trecer solution and;then the yater to

] e

4' the injector. A check vslve to'prevent waterflow from the penstock

: ;‘/
to: the iniection system was installed in the injection line,;

3 o .-a

'Figures 8B.. and 9A. A pressure gane on* the injectp: line nesr the “
:check valve measur he penstock pressure and was used as - an indica-’
1‘;torcfor setting the pressure regulator on. theunitrogen tank. The ;

: fff,rate of injection of the trscer could be chenged by increasing the

J'differential pressure between the nitrogen supply ond the penstock. 3f

i
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Decem'ber test ‘series, Figure 9C, Water temperature in the .pa_.ns_tock -

was 39° Fand sufficient heat was available to prevent freezing of
~the velves under the insulating.cov.ers over the manway Heat from
burning charcoal was ‘uged to _prevent freea:lng of ‘the 4njection

system.

Radioisotope Sampling System

Two tubes were made for sMpl:lng the tracer-water mixture. A mouable
' sampler similar in design and supported in the same manner as the
.'injector was made to sample. the flow between thae pipe wall and cen- |
'. terline. A shorter tube threaded ‘to .the manway cover and projecting ‘
sbout 1-1/2 inches (0.04 of -the pipe radius) into the pipe flow was
-made to sample at a fixed position near t:he pipe wall Figures 6, 7

i

-"and 10
'The "ss:mple tan " technique was used in the Flstiron discharge mea-'
su:'ements for counting the tracer-vater mixture taken from the pen-
': ; _‘-st0ck (see section, Hethod of - Computing Discharge - Total COunt) ‘_ _
The flow rate through the sample - tanks, Figures lSA and 168, used in ._
'these measurements was 20 to 25 gallons per. minute (gpm) To con-
sexve weight snd increase portability, the tanks were constructed
,'.-from 12- and ZD-gegn stainless steel These tanks could not stand
'-Zextreme pressure witho\ut deform.stion of the ends._ Therefore s 8 simple
'-:pressure reducing system uas devised \'to provide a 20-gpm flow ~for a
o ‘pressure drop ranging- from about 1 100 feet down to 0 (atmospheric _

: pressure) [ '




Figure 10

Shop assembly of movable and fixed sampling
tubes on manway in shop (movable tube extends
near floor (a), fixed tube (b) to right).

Photo PX-D-62906

REDUCER

B. Sampling system installed on pemstock ~ (a) sampling line
from movable tube (b) sampling lire from fixed tube
(c) rubber hoses to sample tanks
Photos 245-D-60415 and 245-D-60416

PENSTOCK SAMPLING SYSTEM FOR RADIOISOTOPE-WATER MIXTURE

RADIOISOTOPE DISCHARGE MEASUREMENTS
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=&

- The pressure reducer had no moving parts and head loss-was achieved
. through the uge of sudden enlargements and contractions of the flow.
:Previous studies of pipeline orifices in the Hydraulic Branch had
- showh that for maximum effectiveness, the ratios of diameters of the
'expansions.and contractiOns.should be 1.75 to 1 or larger.6/ Standard
pipe fittings were selected and asgembled to provide changes in flow
.passage diameter at.a.ratio of about 2.25 to 1"either'increasing or
decreasing, Figures 6 and 10. By the ugse of 1/4 inch and 3/4-inch
pipe'fittings the alze and weight of the reducer were kept to sat—

o

~isfactory values. T X

Y

‘The drop in-pressure'from the penstock to sample tank was controlled
by'the ssmple-tube, valves, pressure reducer;'and friction in con-
necting hoses. -An orifice ingert wag installed-in the tip of eachiof'
the samplers to assist in reducing the pressure Figure 6. The‘pres- 3
sure - reducing system was assembled for each sampling probe to allow

a flow of 20 to 25 gpm for penstock heads of 540, 805, and about |

fl 100 feet. tudies in the Hydrsulics Branch using an 8 inch pump
hr-produciug 600 feet of head eatablished the characteristics of the

-—r

pressure reducers, Pigure 11. P

'ﬂTﬁofmanusywcovers=hauinngOrﬁand 3004psi1ratings:were fitted_for}jf

:use in withdrawing the radioisotOpe-water ssmple from the penstock.

These manwsy covers could be placed over . several combinations of




Figure 11
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manuays to change the mixing length between injection and sampling.
A third sampling syatem was installed near . the turbine in "the power-

plant, Figures.S'and 12,

l The penstock pressure taps were used to obtain a sample at ‘the inlet
to the turbine spiral case, Figure 12A. A four-orifice piezometetfi
f ring and piping manifold were available at the turbine ‘inlet. One
'fof the‘llﬁ-inchxorifices‘and the manifold piping were connected
through a 3/4-inch globe valve to a sudden enlargement pressure
‘reducer, Figure 12&. By adjusting the 3/4-inch valve the systemyf

could be get to produce a flow of 20 gpm through the sample tank.

cet

fAn existing ‘1=-inch connection was used to- withdraw water from the

_turbine draft tube, Figure 123,' The - draft tube pressure ‘was not

“sufficient:to_force 20-gpm through_the:sample tank. Therefore,

centrifugal pump wag used to obtain the necessary-discharge, W

' "F‘i_gure' '1".20 . 5{"

¥
L
-

w
\

VPitometer and Sgiral Case Flowmeter L

i
S ;

o Pitometer.---Using procedures governed by recommendations in the

;jASME power test codes, the- velocity distribution was measured in .

7"'jgthe penstock. Thia velocity distribution was used for an 1ndepen-._” .

.';dent computation of the diScharge. __1 ’ l,:";e_ ] .'T ‘f




Figure 12

HPRESSURE REDUCER | -

i

Plezometer manifold and preasure
reducer at inlet to turbine spiral
case, Fhoto P245-D-62879

..

Centrifugal pump and sample tank
in powerplant near draft tube,
scintillation detector in center
of tank. Photo P245-D-60417

l-inch pipe connection at
turbine draft tube.
Photo P245-D-60418NA

SAMPLE TANK INSTALLATION AT
TURBIRE UNIT NO. 2

RADIOISCTOFE DISCHARGE MEASUREMENTS
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"Velocities were measured with a apecial form of pitot tube a pitome-

.ter.containing:two orifices, Figure 13A. One of the orifices reacts

ko the tota1 head (velocity plus pressure) and- the other orifice

reects only to a pressutre head. A stuffing box threaded to a pipe
'_-nipple on the penatock seals the pitometer and allows positioning

-of the orifices in ‘the penstock.

. Four. access pipea located at 90°'intervals oﬁfthe-penatock perimeter

‘were provided during construction £or insertion of" the pitometer,
:Figure 13B. TWo calibrated pitometera, one & feet .and the other
Ti;feet iong, uere'ueed to»traveraezfrom opposite ends of,a diameter.
;,The'locatiodiof the orificee-on the radius was set by a premarhed
. brass bariattached'to_the pitometer stuffing box and to the pitome-
ter,'Figure’iSA. -The.position of the.orifice on the'radius could
be accurately repeated and the pitometer wag held in a known loca-‘
’.tion during the velocity meagurement. A uell-defined velocity dias-
“tribution was obtained by carefully adjusting the . poeition of the

'orificea in critical areas of velocity change.

_ .A U-tube'manometer of”3/8-inch semirigid plaatic tubing'waa inetalled

” gadjacent to the penatock to measure the differential head created by

'-'Dpitometer orifices, Figure 13C. i@he manometer,was‘equipped to pro=

avide‘air;preasure,to-force the_water;coiunna‘into‘the plastic tubing.;'

B afterfair.uae‘purged-fron:thevconnecting'lines”hetween”the"pitometer

Al




& “ ﬁ;'ﬁﬁf. : ) ; !ﬁd’." x st ey iy

A. Presaure sensing orifices and stuffing box of pitometer
FPhoto P245-D-62880

B. Pitometer inserted
into 6-foot~diameter
penstock - Right
angled handle usged
for pushing pitometer
into pipe.

Photo P245-D-60412NA

Flush valve

Ailr at penstock presgsure

Alr pressure to depress
water columns

PITOMETER INSTALLATION
FOR VELOCITY DISTRIBUTION
MEASUREMENTS IN PENSTOCK

' “ - % %/Capillary dampets
- Tty piacl ) 4

Water mancmeter (see pketch) fastened Differential pressure
to support mear penstock. from pitometer
Fhoto P245-D-60411

RADIQISOTOPE DISCHARGE W?.ASUREMENE& HIGH-HEAD TURBINES AND PUMPS




orifices and manometer. Caplllazy dampers of 1!1§-inch’0D tubing

-in'a‘coil haying5a iength of 94'inches.were used to reduce the water
level fluctuations in the manometer. A steel tapergraduated to

0.01 foot was used to. measure “the differential head. '

=

Spiral case. flowmeter. - An elbow-type flowmeter (Winter-xennedy

0 o

taps) was installed on the turbine during construction. ‘A.calibra-
tion of the flowmeter was performed in 1954 by the solt-velocity
method of discharge measurement. Before conducting the radioisotope
discharge measurements, the two flowmeter orifices in the turbine
wereﬁinspected and clezned to provide the smooth flow surface of

the calibration.

Y

A mercury U-tube manometer uas connected across the orifices,
-Figure lhA. The flowmeter was designed to produce a differential

of about q inches of mercury for a turbine discharge of 500 cfs.
The manometer was purged of air and adjusted for zero reading before
each‘measurement series. Periodic readings of the’ differential were

manually recorded.

Adia-phragm pressure transducer was - con.nected -across: t‘he inlet.?side"

“iifﬂof the manometer Figure 14A.7 A valved bypass was . provrded on the

f.transducer to check the. system for a balance at. zero differential .
- jThe transducer, calibrated to measure the differential in feet of

water, was.connected to an: anaIOg recording system, Figure 143.

50




A. Turbine flowmeter differential pressure
gsensors - (a) mercury manometer, (b) pressure
transducer and bypass. Photo P245-D-62881

B. Pressure differential recording system
(a) carrier amplifier, (b) filter, (c)
recording voltmeter. Photeo P245-D-60410NA

MANOMETER AND RECORDER FOR TURBINE FLOWMETER

RADIOISOTOFE DISCHARGE MEASUREMENTS
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carrier-type amplifier energized the transducer and conditioned the
gignal through a resigtive-capacitive filter for recordipg hy a
'high-impedance voltmeter. The filter was used'to damp the fluctuat-
.‘ing pressure signal and provide an averaged record of the differ-

-ential for: determining the discharge.

.Turbine‘ ration .
A steady flow through the, penstock and. tuxbine was desired for the -

?:radioisotope discharge measurements. This could not be maintained

in an absolute sense because the penltock and tu;bine has inherent

s

flow disturbances that cause. the discharge to vary- up to 6 cfs or

'more over short periods of time. To minimize the unsteadiness, the

forebay veservoir (Rattlesnake) and Fratiron afterbay reservoir were

o

'ioperated in. such a way ag to maintain a nearly constant head on~ the

r’ '\

”'turbine. The turbine governor was blocked to: provide a constant
'7gate setting. The source of disturbancea was thus’ those of the

'inlet valve structure, penstOck contractions,,thetturbine and the z

(Y

'-draft tube.. Operation of the two turbines under blocked load and

. conltant head reduced the flow fluctuations to a minimum.r
. m




-

length of test period. The 130-cfs flow couldﬂbe repeated on

‘aeveral'consecutive»days, over a period of several weeks. Thus,

there was a continuity to the tests and better conditioms were

maintained for power generation and sale.

=

‘Radioisotope Investigations
- Selecticn of Tracer
A psrt _f the - research program has been directed toward obtaining

'data and information to allow confident gelection of the best radio- -

-

i

}'active tracer.l/ After considering a long 1ist of radioactive o

'J:materia”s, the number has been reduced to ‘a list of 11 conmercially

‘ravailable isotopes having a radiological half-life in the 1- to 9-day
range. The reasons for limiting the half-life range from 1 to 9 ‘days
are to: (1) have a long enough half-life to allow transport and use.
'gof the material at the field sire before too much activity is lost

Tby decay; and. (2) have a short enough half life g0 that the rasidual

radioactivity will soon be gone from the waters being measured and

- jfrom the apparatus used in the test.

“The radiation emission from the tracer muat include (7) rays.
o AR ‘ 7:
"Even though the presence of gamma radiation from concentrated sclu-

‘f.tions at: the injection point does present handling problems, the A

k) e

L. eaEn of uetection of gamma rays at the point of measurement warrants

ﬁfthe -uge of gamma emitting tracers._ Any tracer used in flow :




measurement muat.be.completelp water soluble and any loss of tracer
‘caugsed by adsorption on-the exposed surfaces of the conduit must

be minimal.

The radioisotOpe, Gold 198 (Au—l98}, had been used in all of our.
flow measurements in canals and pipes. There is indication that
gold is strongly adsorbed on gurfaces of sand and clay, and prob-
ably on concrete. Houever -when working with the measurement in fL
' turbines and pumps, the surfaces of the conduit are usually lined

with a. protective coating and the contact of the concentrated tracer

with these aurfaces is-minimal, resulting in an insignificant amount - &

b

of_tracer 1oss.
-The uge " of Au-198 in both laboratory and field phases of the turbine

flow measurement program ‘had been satisfactory. Investigations of

.-uother isotopes resulted in the selection of Bromine-82 (Br-82) for

‘use in the Flatiron discharge measurements.

.-Labotatory tests showedlthat‘the Br-82 when-diluted-in'a potassium

L bromide eolution did not form deposits on laboratory apparatus.'

'VBemnents of the solution could ‘be- easily removed from-a container
:byrrinsinggthe container_with tap water.




The counting yield (observed count) per unit of radioactivitjr is
:approxim.stely three times .larger than for Au-198. The greater

number of 7-rays per disintegration of Br-82 can be re.adil:.lr uged to

'reduce the amOunt of injected activity and keep a counting accuracy

— - comparable to-Au-198.

- . ST - : V.

- s o i
Radioisotopé'Countiné:82stem - ' by s
'_T:he uaobile nuclear laboratory, Figures 154 and léA, was designed
speciallY'for performing field tests using radioisotopes‘in ground-

' uater tracer studies and flow measurement_ wi'th.-radiois_ot_opes in open
-and closed convejance systems. .Therlaboratorj is mounted on a
4-wheel-drive vehicle and is completelyself-contained It is equipped-
with a regulated power supply to enable the use of standard labora-
tory instruments in the field. : '

The vehicle provides the capability of performing a11 field tests

'.with radioisotopes ‘envisioned’ in the Bureau 8 program.

' 'An'automatic counting.system, magnetic tape,.and recording system _ _;
- have been inatalled in the mcbile laboratory for use with the
iturbine flow measurement program, Figure 15B. The system includes
..(1) dual-channel scaler (cOunter), (2) high-voltage power supply, :
.'(3) parslle‘ printer, (4) two compiete, integral line, acintillation
uf;detector assemblies with trsnsistorized preamplifiers, (5) dual-pen .

:,potentiometer recorder and (6) four-channel digital tape

'”recorder.-
0| . . .
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A. Mobile laboratory at Sampling
Station 47 pipe diameters
dovnstream from injection
station. P245-D-62882

Sample tank contzining
detector and comnected to
‘penstock sampling syatem -
Small plastic tube at
entrance to tank uged to
collect gamples for 'inte~
grated" and "dilution"
methods of discharge
measurement. P245-D-62883

Ay

C. Decade scaler and timer for sampling
station at inlet to turbine. P245-D-62884

RADIOISOTOPE COUNTING SYSTEMS AT PENSTOCK
AND POWERPLANT
RADIOISOTOPE DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND FUMES
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The dual-channel-ecaler has two 5-decade fast readout acalera to
_Etotalize the detected radiation emiaaiona. ‘The scaler containa
,;”neonindicatorsand buffer storage with a- &-decade electronic timer

.. that haa 999 preaet poeition-.‘ The “two acalera can -be operated in-

o series as a aingle ‘10-decade acaler. The instrument ‘can be uaed

.‘.manually as a regular scaler with one or two coumting channela for

.preset time or preset count meaaurementa, or as. an automatic inetru—‘
ment with the data fed to the recording devices. Hhen the count or
_;time haa reached its preset Value, the information accumulated ‘by
'jeach of - the scalera is transferred to a buffer storage and the
hﬂacalers are reset- and restarted all within 10 microseconda. The
_information accumulated by the dual-channel acaler ia recorded in
“ﬁtwo wuya. “The digital data stored in the buffer storage circuita :
fare read out to the parallel entry printer, along with the ‘index
"}number from the 2-decade internal iﬁdex counter, The printer

_ ';recorda theae 12, digite or information (2 index, 5 from each acaler)

' -“at a maximum repetition rete of 3 printinga per aecond. In eddition

:or alternatively, an. analog aignal is - available from each buffer

' atorege channel for a histogram preaentation ona. potentiometric |

.;recorder.3

1;Input data going to the dual-channel acaler can be aimultaneously

'arecorded on tape for playback at; another time._ This. recorder 18 a

'Efﬂ:.;high-apeed, high«fidelity memory unit deeigned apecifically for 7‘.[




research with radioisotOpe measurement systema. 'Itﬁincludes a
digital- buffer storage to derandomize ‘pulges for reliable recording,
a choice of - speeds for both recording or playback a background
-simulator for net playback (background subtraction) and a very
flexible track assignment. The use of: this instrument allows the
scientist the Opportunity to repeat a- questionable measurementu
after the completion of the field tests and will enable him to
manipulate the time scale of ‘the' data._ ‘1t is possible to use |

four detectors at one tine: when using the instrument.

P

Refinements in Equigggnt and"HeLhods

One objective of -this research program in high-head turbine ‘Flow

measurement is to refine methods and equipment to reduce all mea-

‘\‘:

surement errors to the absolute minimum. For example, tests .in the
1aboratory have shown that ‘the - high-voltage output from the ~port-
able scalers for operating the detectors will vary directly with
the batterv voltage snd with ambient temperature. These changes
' and the ; resulting error in detector response -are insignificant in
many field applications but induce an undesirable degree of errorp:

“4n precision ‘measurement of turbine flow. rate.

=

wa in use, as a part of the counting system, is a line-Operated

S
By

high-voltage power supply.. This power supplyhhas two outputs o

GA and B) Output A is variable from 500 to 1, 500 volts. ‘Output B




is the same output olus._or ':min_us an ;..s.djusta'ble percentage to allow
_two detectors wﬁlch are closely matched to be operated simultaneously.
lhe.tempersture stability is 0.002 percent per degree centigrade
change in temperature.

With such-a power supply, the changes iniambienr temperature and the
resultant changes in high-voltage _output no longer create a mea-
_surable error in our detector response. In addition, rhe entire

.electronic system is enclosed in the controlled temperature enuiron-

ment of.the mobile laboratory uhere temperature changes are minor.

B

Timing for the counting system.is based on'e 60=-cycle line irequency.

This-freQuency is‘subject.to significant5veriations at times. In )
order to make corrections in the time measurement “the alternating

'current line frequency is monitored continuously during tha test by
‘a crystal-controlled frequency counter. S

Two radiation detection probes have been fabricatcd in our labora-

tory. Scintillation crysta1~ were used rather than geiger tubes .-

-because the crystals have higher sensitivity to gemma radistion.

The detectors are thallium activated, sodium iodide erystals, -

- optically bonded to a, photomultiplier tube in an integral line ‘

9[:;assembly,_ ‘The electrical pulses from the photomultiplier tube are

ltaken through a transzstorizen presmplifier'which is a dual emitter




followerhconfiénration providing sufficient current to drive the .
‘pulse through“the cahle'to-the gcaler with a.minimnm of pulae.shape‘
deterioriation or attentuation. The probes are both encased:in al
2-inch OD brass tube. The NaI(Tl)‘crystaluin D-IT (Denver Qffice
:detactor number) is 1-1/4 inches diameter by 3/& idchulong. Probe
D-III is of similar de51gn but is encased in a 2-7/8- inch-diamezer

aluminum.case. The crystal is 1 inch thick and 1-1/2 inches in

_.diameter.

‘The scintillation detectors.when used in flow measurement are °

attached to a 50-foot cable and input comnectors near the rear

door of the mobile laboratory.

fl

Hethod of - COmputing Dlscharge

S

Dilution. = The radioisotoPe technique of diacharge measurement

:.Yis directly related ‘to an older principle of meaeurement the
chemical dilution method. The dilution method of measuring.dis-
charges eliminates the ‘need ‘for know1ng or determining the area of h
flow, the velocity of flow, the roughness of the flow boundary, * |

:. the waterxstage, the head loss, 0T any of the - other hydraulic quan-
tities encountered when ratidg by usual methods._ In the dilution
method chemical or radioac*iue tracer detectable by chemical O

electronic means, of" known concentration C is. introduced at a.

tconstant rate, . q ;. into -a flow, QJ, containing natural amounts of .




:”tracer; co'. At a cross section of the flow sufficiently.far'down-.
(’.J . . ‘ . . ) A o .
stream from the place of injection to assure adequate transverse

~mixing of the tracer and flow, the concentration is then C,- From

the equatiou of continuity, where Q is the unknown discharge,

Q€ +qC) (Q +q,)C_ or
c -¢CJ
1 o2
Q=q

1C,-C

..ifrcb is negligible compared to C,, C, is.small comparedrto.cl'and

q, is negligiblelcompared:to Q
then
or

”””iAn-inspection ofethe terms in Eduation-(l) shows thatxngﬁknowledge '
~_is required of the flow or cross section geometry, the velocity,
i,gradient, or other hydraulic characteristics normally associated
uwith flow measurements.. -The discharge, Q ,. in the conduit may be .
idetetermined from the measured concentrations,-Co,_Gl,,Ca,_and]the :

7injection Tate, q,.

h -f;Integrated sample and total count. - In the integrated sample and
total couut methods ‘a: meaeured amount A N in microcuries (He) of

hg;;the radioisotOpe solution is introduced into the flow in a comparatively

: hort time, producing a pulse of radioactivity in. the flowing water.




: At the measuremrut cross section downstream, where the tracer 1is
.r_thoroughly mixed uith the flowing water, the concentration of the '
'ﬁ~tracer is determined from the gamma ‘ray emissions detected and counted.
‘“”Howeuer, where C is ar constant of concentration in ‘the. chemical
*gdilution equation, the concentration of radioactivity in the pulse

is-variable withltime. In thie case,“considering the conservation,
: ' ‘ S : ' 5 o0
=Qf €, dt
ey
Q = A
fcadt
T

ﬂwhere changes in concentration, Ca, are measured with respﬂct to, L

 of matter,

imeaaa If the varying concenrration, Ca- is integrated -over the

time T , required for the entire tracer cloud to paas, Equation (2)

:'lreduces to Equation (3), the equation for the integraLed sample

W

O I T R
f”_g; ' [(uc/cubic foot) secondo] ELERNE
= . - . "\VN” \

wherefc-is thevaverage-concentration during-time T.;'It.shou1d~be

Lnoted that again physical quantities to be measured to determlne

the discharge, Q, do not refer to- the conduit shape or" tha hydraulic
characteristics of the flow.f%f T :;:evé .

ﬁi'h-'-f
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LR

i‘fhfebruary_i4;-i?6d;'rigure 24, ' The discharges computed from the
“0’SGR‘and'0'07R‘samplesﬁ(center;and'side}'differed by -about 1. 5.
_percent in the first and by 0 6 percent in the second measurement,
: _.Figure 29 The four computed discharges differed from the flow-:
'f.meter by about--S percent.: | ”
uBothhthebhidrauIic.andyradioisotope measurement‘procedures ugfe;
revieued and'no definite reason-could be.found'for the under-
"_registration by‘the tracer method. The following day, February 15
| a second series of two in;ectio s was made into the elbow of the
_qump. Relatively close agreement 0 3 and 0.6 percenc differences
‘were computed for the center and side samples but the radioactive
:lmeasurements were 4 to 6 percent less than the flovmeter.
'-*NoFapparent'advantage-was shoun for.injecting the tracer'either :
upstream or downstream from the pump for the 164-d1ameter mixing ‘
';.length. The difference in discharges computed from the rsdioiso- N
lptopes for the February 14 series was slightly larger than those on ’

. giFebruary 15. Again, no' ‘reason. could be found for the S-percent :

-~

,'vdifference between the flowmeter and radioisotope discharge measurement.

Two more messurements were made -on February 16 The trcceriwas
injected in the elbow to take advantage of the lower inJection

pressure The difference wns aga.n about -5 percent whereas
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1.1~ and O.4-percent difference was computed between the center

&
o
.

and side eampleslof thefradioisotope_method.

. With_the completion of the‘series,.a-critical review was‘made'of

all the procedures including the original calibrations of the flow-

. meter. This review disclosed that the procedures used in the

sample tank calibration might be a source of erxor. The radioactive

' material, Br-82, used in the measurements is received in.a concentrated

form. This coucentrate is then diluted accurately by volumetric
~methods to hecome a base supply for the planned measurements (Tracer
'Handling Procedures). The diluted solution is kept in a shielded
-compartment and accurately measured volumes are taken for the dis~
'rcharge measurement and another volume for the calibration of the semple '
-tanks. lhe dilutiOn and extraction of the solution parts were ‘done

- .at laboratory temperature. Cold weather prevailed during the measure-
._ments on the turbine and in the February measurements, Figure 25. )

Although the calibration solution and pipet were kept warm, the change

.of temperature from storage to sample tank could: ‘have caused a decrease

_in the volume and possibly- concentration of the calibration solution.

_The . decrease 4in-the volume was believed sufficient to- produce a low

: _calibratiOn factor F for the tank. To better—control the .amount of

itracer used for calibration of the tank,_each amount was. proportioned

by weight on a precision analytical balance in the: laboratory Over

ﬁithe temperature range encountered during the measurements frOm

Z




'leas than 32° to 72° F, the gpecific weight of the tracer solution
changed a makimum of 0.2 percent. Each weighed amount of tracer
was put in a gealed glaas‘bottle and transferred directly from the
bottle to“tne sample tank. Each bottle was rinaed-in the sample.

tank to assure complete transfer of the calibrating solution.

:For a second geries of meaaurements, February 21 and 23, that -
included the change in tracer handling procedure a third’ counting

: system was placed 4in the Carter Lake valve shaft, Figure 26 This
counting ayatem was installed to take advantage of the 6 044 feet

of’plpe available for mixing the tracer and water.

ﬁbischarge computations‘from the‘data of beruary:21 ahoued that

' excellent agreementdwas obtained between the epiral case flowueter
-and the radioisotoPe meaaurement from the valve qhaft sample, -
f:Table 7.,and Figures 28 and 29, The-discharges co&puted from the

_aamplea taken at 164 diameters for the firat measurement did not

a.agree well with the flowmeter. -The discharge computed for the cen-

ter was 3 05 percent larger than the flowmeter discharge and the

: 1de 5. 76 percent larger. The difference of 2, 7-percent between

the two was greater than encountered 4n the February 14-16 series.

-‘The second measuremnnt on February 21 again showed good agreement

H:between the counting eystem at 755 diametera and the flowmeter.
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The discharges‘computed-from the two systems at 164 diameters dif-
fered by less than 0.3 percent but the average was 1.0 percent less

1thanithe flowmeter.

rr A wider variation was found on the third measurement of Fehruary 21
for the 164 D sampling station, ‘Figure 28. The radioisotope mathod
center sample showed a discharge 1.77 percent greater than the flcw-
meter‘and the side sample 2. 58 percent greater. The flowmeter dis-

mcharge measurement differed: by less than l percent from the valve

ahaft measurement.

'lhe measurements‘uere continued on February'id. An equipmentffailure
in . the mobile nuclear laboratory caused the logs of a measurement
-at the 164 D aampling station. A measurement was obtained at the
- valve shaft, but the discharge value differed by nearly 3.5 percent
‘from.the;flowmeter.: In: the second mepsurement of February 23,
.’communicgtions failurﬂicausedethefloss of th; valve sh:ft=megsurementji=Jk
.The discharges computed from samples at 164 diameters were in very . .
\close agreement, abuut 0.3 percent but differed from ‘the flowmeter R
- by about 2. 5 percent. The'third-and#last'measurement of the series
'5fshoued good agreement ‘of discharges cOmputed from the three radio-

-;fisotope samples and floumeter. About 0.1 percent separated the dis--

55[ charges computed from the two . samples from 164 D measuring location,

_ ;Figures 28 and 29._ Both of the discharge values were less than




1 percent larger than indicated by the flowmeter. Calculation of
. the discharge from the radioisotope count at the valve shaft gave'

a value of about 0.6 percent lese than the flowmeter.

The series of discharge measurements on’the pump-turbine unit at

.Flatiron indicated that'satisfactory'mixing'can be obtained in the

_ 'S-fodt-diameterlpipe;in a length of about 1,300 feet'(164 D).

'jiThenreneatabiiityuof the dischargefmeasurements ﬁas fair for the"
_‘:adioisotope method. The- variance between the discharge indications-

'of the selected standard (sPiral case - flowmeter) and the radioiso-

. ‘.\

'tope method ranging from 0.1 to nearly 7 percent was too great.
The discharge measurements showed that very precise control was

_.required in the procedures used in the inJection, sampling, and

: counting of the radioactivity. The series~also showed that extremE_:

':1care must be mainta.ned in measuring the flow by the flowmeter. ;, ?5

.-_=,

.The pump and the turbine do not have an unvarying flow and the flow-

meter discharge must be determined at the time of the radioisotoPe
‘hmeasurement. 4

e

CONCLUSIONS
. ’ | kS . {'f’ .
1_In general the computed discharges for the turbine had a variation
".fgreater than desirable Figure 20. Mixing of the trdcer and. penstock

s iflow was believed to be adequate in the 645 diemeters of penstock




" The lsrge vsristion in the computed discharges when compared to

'the:spiral case flowmeter wag attributed €0 anomelies in the
radioisotOpe tech.niques of sempling sndlor counting._ The.exsct_
causes of the varistions could not be determined but procedures for
preparin;, _the rsdioisotope for use in the sample tank were modified

' - to improve the tank calibration. :

. _The quality of mixing of - the ‘tracer and uater in the penstock was
indicated to be unsatisfactory in 310 diameters of the 6-foot pipe.
At a velocity of 4 5 feet par second (B.eynolds Wr of 2. 6 x 106),

__the natural turbulence of the flow appsrently did not produce sat-
-i{gfactory mixing. Studies of the radioisotope counting and ssmpling
..'should ‘continue to. determine -the -amount of variation caused by the ﬁ'-

. mixing and by the rsdioisotope procedures.

S The series of discharge measurements ‘on the pump-turbine\mit indi-
cated that satisfactory mixing was produced 4n the 8-£oot-dismeter
' -plpe in a 1ength of 164 diameters. The repeatability of the radio-
_isotope dischsrge measurements wss fair, 0 3 to 2 percent. . The
_;‘discharge measurements require very precise control of procedures
| ";used ‘in injection ssmpling, d counting of. the radioactivity. |
:Becs.uee of the unsteadiness of the pump flov, extreme care must be

: -,'-'_':maintained in measuring the flov by the spiral csse flowmeter. . B




'F.rror ana'lysia?o'f the variables in the ‘radioiaotope and spiral case
| flowmter diacharge meastmementa ahould be continued to better
define the variationa within the methods. Because of the unsteady
flowr in’ both the pump and turbine, confidence 1imits must be estab- °
liahed’ for the flow meaaure_me_r.ta. 'Should the preciaion of the
radioia'otope meaaur@ent‘he shown greater than for -the apiral case
_flowmeter conaideration ‘can be - given to performing aalt-velocity

'meaaurements coincident with the radioiaotope meaaurements.

) Continuing',phaae's ‘of the program ‘;111 include modification of equip-

ment and ‘reuisi_on of techniques.

'.l'he"refinemnts of techniques -and .equipment \will be applied to field
measurementa ‘at Flatiron Power and Pumping Plant. __ Discharge meass
urenents will be made to obtain atatiatical information on the maxi-
mum probable etror in discharge to. be expected’ from the radioiao-

 tope method,

"'The experimentl will include the effects of injection and- sampling
_ttechniquea ‘on. the Lracer velocity, total count, dilution, and inte-‘

' ;’grated sample methoda of radioiaotope counting. Fmphasia will be

1:_p18¢ﬁd on meaaurement repeatability and accuracy with variationa _

.;in the injection technique and geometrical relationship of the

n

| ) ‘-jradiatiorn monitoring apparatus to the hydraulic ayatem.




Invesl::l.gations w:l.11 include’ l:he velocity method of meaaur:l.ng thc

-
CO—

travel tima of l:he water—traccr mixture betwen l:uo cross sect.ionc

' o£ ‘the pipeline. Discharge mcaurcmcnl:s_ will be made to establish

' - the accuracy of the veiocity mctilcd relative to those cited in .the'

prcceding paragraph The mvcstigat:lon is included because .the -

principles of the mel:hod are si.mple and ‘the method may be parl:icu-

. larly _a_ppl'.lcable ‘to certa'.l,c conf_igurations _ofkpanstocks i.n powerplants.

w2

Sl:ud:l.es to dav:l.se a si.mple way of incrcaaing thc mixing of thc tracer

and pipe flow: wi.ll continuc. Thcse atud'.l.es would result in cchievi.ng

_ cmplel:e m'.lx'.lng in shorter plpe lcngths. 'l'hc nhg_rter'mix!.cg length -
! &3

is .:lmpcrl:cm_: if radioisotope tracer mcl:hods‘ are to b'c applied to e

'_-e'xist.:‘lngfptmps_ and 'ﬁucbicas '-that'havc_'lcsc than 100 diameters of

conduit ‘length.

l'he use of tr:lt.lat.ed watcr as a ttacer is propoaed for use w:l.th

: l;he integratcd -scmple method. '.I.‘his m»thod requires ‘retention of

. the’ smple for laborn:ory analyc:ls with I:'he liquid acintillation '
‘counter. The process of liqu'.l.d scintillation . umpla prcpcul::l.on

w:|.11 bc carefully :I.nvestigar.ed to. evaluate I:he reptoducibility of;

rcsults. The ulc of ttit:lum w:l.ll prw:ldo l:hc cdvantcgec of:

(1) easiar handl:l.ns proccdurcs for t.he t.racar 1n t.ho H.cld '{2) the
clim:l.nat!.on of criticcl muutemontl c!: :hc f:l.eld rl.u ’ and (3)

allow the atock:l.ng of large ccmmts of tr:l.t:l.um fo: :hmcd:l.ctc usc )

Bt w:l.tncu»;-_signj._fi.cant _,_louel_ -.cnuue,d by :rad:l.oact_:l._v:!.ty .dccay.




a ‘
 The :above teste are proposed for the summer months of 1968 and will

'be acheduled over a period of 3 to. 5 months 1 is estimated that .

-the testa will inMolve about 6 ueeka of field activity.

. Technical Dircction _ _
~:;The prOpoaed program will be a coordinated effort in the Division 4fﬁf{
: of Reaearch between the Hydraulica and Chemical Engineering Branches.
‘The work will he under the technical direction of H. H. Hartin,
E Chief Hydraulica Branch and ‘L 0. Timblin Jr.,/Chief Chemical
-'Engineering Brancha Hbrking on. the project will be twn physical
scientists and two hydraulic engineera, a11 having experience in
‘water measurunent proccdurea and in the application of radioisotOpee._
‘to flow meesurementa. The acientiats and engineers will be asgisted
as required by technical personnel from the Reaearch~Diviaion. The .
.work will be,, performed at the Bureau of Reclamation, Denver, Colorado,

and at. the Flatiron Power and Punping Plant near Loveland Colorado.
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VIThis report was prepared -at- the reqpest of the Besearch Div1310n with ‘

- elose: support and direction-provided by- staff of the Chemical ‘Engineering

- land Hydraulics ‘Branches “of that Division. - The 1ntent is to’ present a. . .

broad-brush" . study which identifies the economic’ potentials of the use -

Soiof radioisotopes in. measurlng “high=-pressure . uaterflows thruugh hydraulic: )

. “turbines.and pumps.- There is general. agreement that -a:need exists for
-athighly -accurate, ‘simple, and inexpensive means for measuring flows.
‘No:doubt ' other- promislng alternative measuring devices not employing

':-radlolsotOPes may warrant. further conslderatlon, the empha51s ‘here, how- Z B

']:*ever, is on a partlcular program 1tem now under. actLVe study. L e

.rThe main’ qpestlon to which thls report 1sﬁfﬁdr853edris not whether the '_ .
-radiolsotope. method will. ‘prove technlcally successful--this. is ‘the pur- -

.. .pose-of the current research effort--hut’rather what .are reasonable :
1:;:expectat10ns ‘of the “benefits to be- gained ‘if -this potential new tool
f-iﬁsuccessfully meets :its goals.-  .The report ‘indicates that: the possible B

© - economic . gains. from. appllcatlon to ‘the Bureeu of Reclamation ‘progran

. are attractive. This: .would logically apply not - only*to;the use. of

,rad101aot0pes but to- other approaches if the same - objectlves were served._h-

" The preparatlon of the manuscrlpt rested malnly ‘on- the author. Spec1a1 B

.1'j]acknowledgment 1s-'que for the. contributlons made by Messrs. Robert L.:
- 'Hansén, Chemical Engineering Branch and Jack C. Schuster,: ‘Hydraulics

. Branch. - ‘Valusble ‘assistance on the estimates of ‘the costs of acceptance -

Ll tests was prov1ded by Mr, George ‘H.:Johnson, ‘Hydraulic Machinery" Brench.

HUANumerous others cooPerated in:the :study including members of ‘the

'"";}sHydraullc ‘Machinery and Technlcal Englneering Analysls Branches of the.

e{fDIViBLOD of ‘Design, Division: of Power Operatlons, and . Division of ’
='*"-.;Irr].g,!rl::l.on Operatlons. L : A : :
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SUMMARY

The Bureau of Reclamation and Atomic Energy Commission are cooperat-
ing in research to determine the feasibility of using radioisotopes

for measuring waterflows through high-pressure turbines and pumps

to meet a well-established need for & method which is highly accurate,
simple, and inexpensive to apply. Achievement of this goal would pro--
vide an improved tool not now available. The possibilities for real-.
izing economic gains from such a development wexs studied using the
Bureau of Reclamation's program as a basis for analysis, although

" there would be opportunities for broader application both nationally
and internationally. '

A ‘brief appraisal of alternative methods now used in gaglng high~-
‘pressure waterflows indicated that the pressure-time (Gibscn) and the
salt-velocity methods are in predominant use by the Bureau, with the
former favored but appliceble to turbines only. A projection of Tield
“application procedures and hardware requirements suggests that sub-.
stantial savings in testing expenses over these two methods could accrue
to the use of radioisotopes., This excludes expected reductions in shut-
down periods’not specifically evaluated but of possible importance. Of -
the three measurements normally required to make acceptance tests of
efficiency--pressure head, electrical, and water discharge--the latter
‘is the most diffieult, costly, and least accurate.

The new method's advantages of simplicity, low cost, and high precision
' could encourage routine and more widespread testing. For existing
facilities, the availability of additional data of greater accuracy

over a wide range of operating conditions and for more than one unit

of d multiple-unit installation could prove valuable in refining oper-
ating criteria. Better 1nformat10n permitting greater selectivity and
control of individual units- at a given site, or geographically separated
installations, could permit fuller utilization of design machine cape-
bilities and the institution. of more timely malntenance programs. ;
Turbines and pumps may thus be made to run closer to top efficiencies i
so that average efficiency 1eve15 attained over a period of time could
be someWhat higher, '

An analySLs was made to determine to what extent the radlolsotope method
“ would be -applicable to Bureau turbines and pumps constructed and under
constructlon, and the monetary benefits that might be associated with
small increases:in efficiency of 1 percent or less. Offsets against

.. benefits which would need to be considered are the additional costs of

. testing.and possible incremental costs of repairs to bring the unit

.- back up: to- design capability. -Added repair costs could be minimal as
‘the effect may 51mply optlmlze the tlmlng of regular maintenance

.. programs. . o




The analysis developed value data for selected powerplants and pumping
plants covering a range of sizes. Bureau-wide it was found that of
the 11,600,000 kw in total powerplant capacity constructed or under
construction, 3,000,000 kw were considered amenable to radioisotope
flow measurements. Making these machines operate on the average

1/2 percent closer to their built-in efficiency potentials could yield
capacity and energy valued at $250,000 annuelly, which would have a
present worth of over $2, 000 000 for 10 years. -

For pumping plants, reduced costs of the radioisotope method may permit
‘beneficial application to installations as small a&s 5,000 hp; normally,
field testing is economically practicable for only much larger sizes.
Of the total 1,700,000 hp constructed or under construction, radioiso-
tope flow tests may be applicable to over 1,000,000 hp. The potential
gain is considered greater for pumps because of greater difficulties in
‘testing. Thus an average annual yield of 1 percent more of machipe
efficiency the 1,000,000 hp in pumps could result in a saving in pumping
energy worth $150 000 which would have a present worth of $1,300,000
for 10 years.

The successful development of a waterflow measurement method which is
‘highly reliable and has a probable bnaceuracy of t .75 percent could
have beneficial effects on the industry producing turbines and pumps.
Stricter standards that are enforceable could result in elevating levels
~of machine efficiency specified and ultimately obtained. Under ideal
conditions, accuracy of existing methods is considered relatively high;
nevertheless, because true rates of flow are not known and field con-
~ditions vary, there are questions concerning accuracy of particular
tests and whether some methods test consistently higher or lower than
others. Penalty clauses now included in invitations to bid provide
‘good examples of the value of fractional efficiency losses in the
event ‘the manufacturer fails to mest, specified standards. Value curves
developed for a wide range of plant sizes demonstrate the economic
importance of increases in. efficiency of 1/4, 1/2, and 1 percent. The
- resulting benefits from gains in efficiency are sensitive to installed
capacity as it requires a,full 1 percent increase of efficiency and a
minimum of about 5,000 kw in a turbine and about 4,000 hp in a pump

to produce an annual benefit of some $1,000. At the other end of the
‘scale only a 1/2 percent increase in efficiency for a 1 , 000,000 kw

turbine or 750,000 hp pump could be worth $100,000 durlng the first
full year of.operation. '

leltatlons of the radioisotoPe method involve problems of achieVLng
complete mixing of the solution in a relatively short.distance and
potential health hazards and public acceptance. The first has restricted
_the number of installations. .subject to measurement and means that a more .
:costly multiple-point - lngectlon system may need to be used where less
than 100 diameters in length of pipe are available. .The second limita-

" tion is nontechnical 1nvolv1ng following proper safeguards and public
! ;education.

{/
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POTENTIAL ECONOMIC BENEFITS FROM THE USE OF RADIOISOTOPES IN
FLOW MEASUREMENTS THROUGH HIGH-HEAD TURBINES AND PUMPS

Introduction

In the water-resource conscious world of today, making the best use

of limited supplies is a challenge of high order. The ability to
accurately measure waterflow is obviously vital to this process.
Hydraulie flow must be precisely known before the highest level of
efficiency can be demanded from machines transforminj the work poten-
tial of falling water into mechanical and electrical energy or, the
reverse, from energy-consuming machines which 1lift water to where it
can be beneficially used. The vexing problems of meking exact meas-
urements have a long history--for it was over 300 years ago L’
Galileo marveled that his discoveries on the movements of astonishingly
distaot heavenly bodies met with less difficulty than investigating -
flowing water before his very eyes. Though much progress has sinde
been made, there is still a continuing and growing need for a simple,
cheap, and accurate way to gege lerge waterflows. This is especially
true in asttempts to measure discharges in closed conduits under pres-
sure to determine whether turbines and pumps are delivering the kind
of performance for which they were designed or which is possible under
current technology.

The purpose of this report is to provide insight on the possible
economic gains resulting from a megsurement method utilizing radio-
getive tracers. Active research in this field is well underway in
the Bureau of Reclamation's Engineering and Research Center at Denver
with the expressed obJective of developing a rapid, accurate, and
inexpensive method of using radioisotopes to measure the rate of flow
of water through high-pressure hydroelectric generating facilities and
pump systems. The program is being conducted and financed in coopera-
tion with the Atomic Energy Commission as a part of the United States'
worldwide program to harness the atom for peaceful and constructive
uses.

This study is based upon the potential application of radicisotopes

to the Bureau. of Reclamation's program of building and operating:
'_multlple-purpose water development projects. The size and number of
turbines and pumps included in that program are illustrated by the

‘58 hydroelectric powerplants constructed and under construction having
a totel capacity of 11.6 million kilowatts, and the 96 mejor pumping.

. plants over 1,000 horsepower having a total capacity of 1.7 million

~. . horsepower. Power .-revenues from operations in fiscal year 1966
amounted to over $100 million. Possible gains from an lmproved_flow
measurement method are, of course, not limited to the Bureau’s pro-.
gram. From a demonstration of potential usefulness at that program
‘level, however, it would naturally follow that & multiplication of the
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effects would stem from a broader application encompassing cther Federal
facilities, state and municipal works, privately owned features, and
finally water resource developments of other countries.

This study will first survey the various alternative methods available

for water discharge measurements in high-pressure conduits, with empha-

sis placed on Bureau practices. The second section describes the radio- B
isotope approach and specific goals, including a projection of field N
application procedures and hardware requirements. A cost analysis fol- '
lows comparing relative magnitude of expenses involved in acceptance -

tests for turbines and pumps:to determine machine efficiency levels.

Posgible benefits on Buresu-operating projects from the widespread and

freguent use of radioisotopes are then generalized. And finally, poten-

tial geins from applicetion to new facilities are considered.

Alternative Methods of Discharge Measurements

Accurate measurements of flow through hydraulic machinery are essential
in design and construction and finally in actual operations. Together
with meagurements of pressure head and electrical output or input--
depending upon whether it is a turbine or pump-~the basis for testing
machine efficiency is thus established. It is universally agreed that
the accurate measurement of waterflow is the most difficult and complex
aspect of this rating process. The finding of efficiency is of vital
interest to both the purchaser and the seller, as it determines not X
only whether technical guarantees have been met but has iridustrywide -
ramifications on the quality of machines procduced. In Bureau projects

provisions are made for the assessment of stiff financisal penalties

against contractors for failure to meet efficiency specifications as

effects may extend over the lives of the hydro facllities normally :

designed for atleast 100 years and which must show financial feasibility

in 50 years. Most of the efficiency tests for Bureau facilities are

conducted as a part of formal acceptance tests after the completion of

installaticn, .

The universal interest in testing-machine efficiency .resulted in N |
international codifiecation of procedures and methods. It appears

‘- most " recently in published form as the "International Code for the

Fleld Acceptance Tests of Hydraulic Turbines," 1963, by the Inter-
national Electrotechnical Commission and recommended for publication
by 19 participating countries including the United States and the
Union of Soviet Socialist Republics. In establishing standards for
efficlency teats; methods identified in that publication which are
pertinent to the problem of accurate flow measurements in high-pressure
conduits are (1) pressure-time {Gibson), (2) salt-veloeity, (3) dilu-
tion, (&) current meter, and (5) pitot tube. The use of radioisotopes

as presently concéived fits under the third category, the diluticn
method.




A choice of the method selected depends upon the particular installa-
‘tion--physical arrangements of inteke works, ‘penstocks, manifolds,

- and turbines differ and can present difficulties in test equlpment
location and installation. Heads can vary over 1,000 feet, discharges
over 3,000 cubic feet per second and pressure conduits 20 feet or more
in diameter. In Pureau acceptance tests preference is given to the
pressure-time (Gibzon) method for determining waterflows through tur-
‘bines. The ealt-velocity method is used for turbines where there may
be 2 question of validity of results from the Gibson approach and
almost exclusively on pumps since the Gibson test is not ‘applicable
to pumps. Brief descriptions of the various methods available for usze
in acceptance tests are presented in the following paragraphs.

Pressure-time (Gibson) Method.--This method, patented by N. R. Gibson,
was devised to measure flows through a c¢losed conduit or penstock con-
trolled by a valve, turbine, or regulating device locmted at the down-
stream end. Pressure variations are measured between two pressure
taps located ‘along & pipe section preferably 25 feet or more in length.:
The variations are determined over a measured period of time during
which the valve or regulating device is closed. Changes in pressure
are automatically recorded on the chart of a recording device such as
the Gibson apparatus which photographs on & revolving film drum the
movement caused by the pressure change of the top surface of a column
of mercury in a U-tube manometer. ~Equipment requirements are modest,
do not require installation inside the pipe, and the recording appa-
ratus can conveniently be carried by one man. Use of the Gibszon
method requires specially trained personnel and in Bureau projects

is now sccomplished on an outside contract: basis.; Since the recent
expiration of the patent, development ‘work s in progress to improve
the recording of pressure-time diagrams.

Salt-veloeity Method.--The salt-velocity method developed by Professor
€. M. Allen and Mr. E. A. Taylor :is based on the fact that salt in
solutlon increases the electrical conductivity of water and that.a
"slug" of brine flowing through a conduit travels at the same- veLocity
as the water and does not lose its” ‘identity. A quantity of salt solu-~
tion is forced into the stream under pressure through quick-acting
pop valves. After mixing in the stream, usually with the assistance
of a turbulator located inside the pipe immediately below the point of
1ntroduct1on, ‘two or more ‘sets of electrodes located downstream detect
_the passage of the slug of .brine. The-average flow velocity is cal-
culated by measuring the speed of the solution as it moves between
the electrodes in the pipe section whose interior dimensions and
characteristics have been carefully determined. The Code specifies
‘that the first set of electrodes should be at least 4 diameters from
the injection walves and the -second set of electrodes at least the
same distance downstream from the first set. ~The equipment is rela-
tively large and complex; the injection facilities used by the Bureau,




for example, weigh over a ton. The requirements for interral place-
ment of the multiple~injection valves, turbulator, and electrode
detectors meke this method expensive. Bureau persoanel and equlpment
are used for project tests.

"Dilution Method.--This method consists of lntroducing a known con-
centrated solution of a tracer at a steady measured rate into the

main flow of water, The tracer may be a solution of salt or dye.
Through chemical or fluorescence analysis the concentration of the

" flowing water with the added chemical is measured at a point far
enough downstream to ensure thorough mixing. No internal measurements
of the pipe are required nor is it necessary to know the exact distance
> traveled. The total flbw is measured directly by identifying:the amcunt
-of flowlng water tagged by the tracer. Only small amounts of dye are
required. Presently available instruments cannot measure solution con-
centrations to a high degree of accuracy.

Primary disadvantages of the dilution method are achieving complete
mixing, the requirement for long lengths of pipe, and obtaining pre-
cise measurements of tracer concentration in the diluted downstream
flows. Recent work in this field has revealed indications of dye con-
centration decreases due possibly to chemical reaction with elements
'in the flowing water. The advantages are that simple injection and
detecting facilities may be utilized and that no internal pipe measure-
~ ments are necessary. The application of radicisotopes falls under the
dilution method, but greater accuracy is anticipated as the radioactive
tracers can be more easily detected -and counted.

Pitot Tubes.-~The method .involves making observations of velocity heads
through the use of a tube having.a short right-angled bend placed verti-
cally in the flow with.the bent part or sensing end pointed in the
direction of the flow. Average velocity is determined by measuring a

~ sufficient number of points in a known cross-sectional area of the
conduit. The average velocity multiplied by the cross-section area
‘determines the discharge. Reinforced pitometers have been success-

. Pully used in pipes up to S feet in diameter with flow velocities of .
5 to 20.feet per second. By probing from access points on both sides

- of the pipe, flows in even larger plpes can be measured. The prineipal
disadvantages are that it is time consuming and relatively large forces
push“on the tube when flow velocities are high meking it difficult to
position and secure the instrument. The resulting instability causes

. inaccurscies,. Pitot. tube openings are usually small so that sediment

:'and trash. can. plug the tubes. Flows must be steady for a sustalned
period to insure proper readlngs. ,

:'-q_Current Mbters.--In this. method a number of individual current meters
.are properly placed in open or closed conduits to register individual
'-;:wnter velocities. - The meters must be accurately mounted and arranged




with their axis parallel to the conduit.in order to measure the
veloeity dfistributicn through a cross section in a manner similar
‘to the:pitot tube. Several configurations of propeller-type meters
are available:but their initial cost plus the costs of piacement
calibration “tisintenance, and data analysis meke this method rela-
tively expersiﬁe. Acceasibility for iiistallation of the meters and
' anchorage assemblies is also a problem. The current meter method 1s

used' in- Europe but has not been extensively adopted in the United
States. .

‘Accuracyrof.Flowsmeasurements in Determining_gfficiencies.-éThe‘accu-
racy of flow measurements of the various methods can be high under =
ideal conditions employing®trained personnel and using properly selected,
installed, and maintained equipment. The International Code for field

'acceptance tests presents as a guide the following ratings of probable
ﬂ:iqaccuracles in the determination of flow.

: Method Probable inaccuracy

Pressure~time: (Gibson)
Salt-velocity
. Dilution in penstocks

1.0 percent
1.0 percent
1.5 percent
1.5 percent
1.5. percent

‘Pitot tube
Current meter

1+ ¢+ 1+t 1+

To identify overall probable inaccuracies in testing machine effi-
clency, the possible errors in measurements of pressure head and:
-electrical. output must ‘also be consldered. Normally these two

~ measurements are.not considered difficult and result in probable

-"inaceuracies of t 1 percent or less. When all factors are combined
the overall determination of efficlency is considered subject to a
uprobable inaccuracy of . t 2 percent or more depending upon the method * ,\
and success of the waterflow measurement.

'\‘\

.There are differences in opinion among ‘selentists on which of the
flow. measurement methods performs best and ‘is most accurate.  Con-
‘sidering physical variations of instsllations, no doubt .all methods
:will continue to: enjoy some degree:of use. As true rates of water-
‘flow under field. conditions are not actually known, it would appear .

. ‘that -more widespread comparative field testing would prove enlighten-
- ing. Though:limited in amount, information ‘available from comparative
studies 1ndicstes variations among. and within the various methods -
'jemployed A classic example is the Finlarig comparative tests_/ where

‘71:7ﬁutton, S P., and. G..B. Murdock, "Comparstive Flow-Measurement Tests
: at Finlarig: waer Station,; Parts 1 and 2, Water Power, October,:'
"‘TNbvember 1962 ‘ :




it was concluded that eacn flow measurement method teﬁ“ed was obviously
consistent and. gave clearly defined smooth curves; however, even when
carefully carried out various methods can give differences of several
percent. Also that it would be unwise to draw general conclusions as
to which metheds are likely tn read high or low until similar compara-
tive tests are made for many different installations under coatrolled
conditlons. .

A

The development of a simple and 1nexpensive method, permitting repeated
and -widespread testing with a minimum of disruption of operations, could-
provide a ready means for evaluating performance. Basic accuracy is -
‘of course dependent upon the degree of inherent error in the measuring
system; however, the ease with which a suitable number of samples over
“a wide range of conditions may be cbtalned with the radioisotope method
" could reduce the statistical error among the number of observations.
The degree of precision to which modern scintillometers have been

- ‘developed may substantially enhance the basie accuracy of the measured
‘data. .The development of an improved method would provide a tool not

. only useful in itself but salso as a check on the performance of other

‘epproaches. The application of radioisotopes holds promise in this
regard. R o :

A passing notation is made of a different:. approach to testing effi-.
clency usad in some European countries wiiich is referred to as the
thermodynamic method which incidentally was also tested in_the Flnlarig
study. It is. considered to be particularly suited to heads of about .
500 feet or more: Determinations of efficiency are made directly by -
‘measuring temperature dlfferentials of flows through the turbine. . = -
Hydraulic -losses have the effect of slightly raising the temperature

of the fluid. Pressure and ‘temperature measurements combined with

the knowledge of certain thermodynamic properties of the liquid enable
the.direct detenminatlon of hydraulic efficiency. The mechanical
‘losges must a2lso be evaluated. Prcbable inaccuracies are ‘considered

‘ comparable to the more accurate-procedures discussad previously.

The Rad:l.oisotope Method '

As mentioned before, the u*iltzatlon of radioactive tracers for the'

‘”“, purposes of waterflow measurement is & variation of the dilution method.

?'Instead of the conventional uses of salt or dye,- the degree of dilution
is obtained by countirg the gamme (or beta) ray ‘émission of radioiso-
topes with: Geiger counters:.or scintillation counters, This . applicatiop

~..of maclear technology should add greater precision to the dilution -

-approach because of the presence«of highly detectable tracer materials,
. even though' very small quantitles are employed. As shown graphlcally
~in-Exhibit 1, the 1naection and -saupling . system:now under ‘development
) would add simpllclty ‘and economy to water-measurement techniques.

N
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‘Three different approaches to the measurement of radioisotope con-

‘between the points of injection and measurement can'determine the

-attempt an application of radiolsotopes. Where adequate mixing can
. be assured, the radioisotope method should work equally well on -

. Herdware Reqpirements.--The amount of radioisotope solution needed = .-

centrations offer opportunities for improvements in accuracy. These
are the conventional dilution -approach, the total count method, and
the integrated sample method. In the first, a radioisotope solution
of a known concentration is injected at a- steady rate and the con-
centration is counted downstresm. Unlike the dilution approach where
the ebsolute quantity injected need not be known, the total count

‘method requires that the radicactivity be completely quantified since

the solution is injected-as a pulse. A dowmstream detector and
recorder sums up the radioisotope emissions during the passage of
the pulse. The integrated sample method is a variation of the total
count approach where individual samples are continuously withdrawn
from the flow for a period starting shortly before injection and con-
tinuing for a short time after the tracer has passed the point of
gampling. :

As with other materials used in the dilution approach, achieving com-
plete and thorough mixing of the radiocactive material is a critieal
factor in the outcome of the measurements. The distance required

type of injection equipment reqguired and whether it is feasible t0|
turbines snd pumps. By taking advantage of the turbulence produced -

by passage through pumps, some oyportunities are present for accel-
erating the mixing process.

for a particular test is small (1 - 10 liters) so that the injection
equipment can be relatively simple and compact. Depending on the
method used in detectlion, two types of injeztion systems are used.
One is for application at a constent measured rate and the other for

pulse injection of a measured:quantity rapldly under high pressure.

The feed pump for constent rate injection would weigh about 80 pounds

-and would be capable of producing a steady discharge. (milliliters per

hour) at pressures up to 5,000 psi. Tae pulse - injection . apparatus

:would consist of pressure cylinders and valvea mounted on.a single
‘portable rack and would be charged by comprcssed air or nitrogen.

The total weight of the pulse injection apparatus would approximate

?;‘150 pounds and could be installed by one man. Average initial cost. R
_1for either of thesa systems would be about $1, 000 i .-

3

lThe equipment items discussed ‘in the preceding paragraph are preaaure

generating facilities exterior to the pipe.’ These would be used in

~.connection with- a single-point injection system. where the solution 1is

introduced into = tube, .about three-fourths inches in diameter, thrust - -

-through a uatertight seal to the centerline ‘of the flow. Present




indications are- that'single-point injections can be employed at
jnstallations where 100 or more pipe diameters in length are avall-
able for- mixing the tracer in f10w1ng water.

When less than 100 plpe- dlameters in accessible plpe length are avell-
able, a meltiple-point injection system will more likely be required
which would make introduction of radioisotopes more complex and time
consuming. ‘Bowever, simpler techniques such as very high-pressure
injection are under study. Although on a smaller scale, because of
the relatively .smaller amount of solution ‘required,-a multiple-injection
system for radioisotopes would be quite comparable to the corresponding
salt-velocity system. Provision must be made for initial dispersicn
_of the tracer-at.a number of discharge points through the cross section
of the pipe. Although initial costs are greater, the importent dis-
advantages of the multiple-point injections are the reguirements for
installation inside the pipe and the possible disruption in operations.
The relative costs of the single- and multiple-lnjectlon systems are
analyzed in the next section.

Countlng and recording instruments must be highly accurate and reliable
for precision measurement of radicactive concentrations. Investiga-
tions disclose that these instruments should be €0-cycle, llne-operated
because portable battery-operated sources of power are subject to’
“irregular performance. A list of counting and recording instruments
would include a high-~ and low-voltage power supply source, electronic
scaler, analog recorder, digitel printout, and radiation detector.
Initial cost of these facilities, all presently available, would be
about $10,000 and with proper care should have a service 11fe of some
10 years. The instruments are relatively small and compact and can

‘be easily transported and installed at the field site by one man.

Accuracx.-—One of the goals of the research program on the use of radio-
‘isotopes is to improve the precision of waterflow measurements in addi-
tion to the objectives of quick ‘and simple application at low cost.

- Under ideal conditions, probable inaccuracies of the best methods now
 'being used are indicated to be % 1 percent. "Development of the radio-
: isotope method ‘is directed toward achieving a probable inaccuracy of

- % 3/4 of 1 percent. As discussed later, small percentage gains in
accuracy in - the :field of hydraulic flow measurement may result 1n
1mportant financial and economic benefits.

Limitations.--TWD lmportant llmrtatlons to radioisotope application

are accomplishing complete mixing of the radioactive solutions in

the pipeline and licensing requirements because of possible health .
‘hazards in handling and the release of radioactivity to the enviromment.

_ The prcblemS-cf mixing the tracer in the_pipc flow'cansliﬁit.applica-'
_bllity and increase the complexity of the facilities required. The




breakover point in mixing distance required is anticipated to be

100 diameters -in pipe length. Morel elsborate mixing devices, longer
shutdown perinds, and increased expense would be required with the
shorter distance unless present efforts to develop other techniques
are successful. When the length of accessible pipe falls below about
25 dimmeters it is not expected thet the radioisotope ‘method can be
successfully applied. (This condition also poses problems for the
salt-velocity methed.) With regard to pumps, there is the possibility
of injecting the tracer materials in the intake which could facilitate
mixing from the additional turbulence and reduce the length of pipe
required. .

A Federal license ig required to hendie the radicactive material, to
insure proper radiation shielding while shipping and handling. The
release of radicactive solutions to public water supplies requires

the formzl approvel of loeal, state, and in most cases Federal author-
ities. When domestic and municipal uses are involved, some difficulties
in securing permission may be encountered. When properly lnformed of
the safeguards undertaken, objections from private or publiec bodiles
are expected to be reduced to g minimum. The tracers now being used
are Gold-19B with a radicactive half life of 2.7 days and Bromine 82
with & radioactive half life of 1.5 days. The maximum concentration
released to the flow would be only a small fraction of the rigid
standards -controlling the amounts of radioactivity permitted for: human
consumption. As with other radicactive materials, such as those now
directly injected in the human body for medical diasgnosis, public
acceptance of the use of radioisotopes for waterflow measurement pur-
poses iz keyed to the success of educational programs and good public
relation practices. '

Current Status of Radioisotope Studies.--The last decade has seen an
increased use of radioisotopes for flow measurement in both open and
cloged conduits. Generally, however, flow measurement in pipe has
been confined to small-diameter low-pressure water, ocil, and other
lines.

Previous studies by the U.S. Geological Survey in cooperation with
the Atomic Energy Commission and the Tennessee Valley Authority have
shown the radiolisotope method promising with large low-heed turbines
and with a possible inaccuracy of about t 1 percent.2/ Considerable
work has been done in the United Kingdom on perfecting radioisotope
technigues for measurement in pipe using both dilution- and velocity-
type techniques.. Recent investigations on flows in small -diameter
pipes indicate probable inaccuracies well within % O. 5 percent cen

be obtained consxstently §/

;_/Frederick Bernard J., "Measurement of Turbine Discharge with
Radioisotopes,” October 196h USGS Report TEI-855,

- 3f/Clayton, C. G., /et al, United Kingdom Atomic Energy Authority,
“Report No. sr»ﬂh/39, 1967.

\‘_f.‘\'. .
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The Bureau's study is exploring an area of measurement of very large
flows in closed conduits under higb heads using the shortest possible
length of pipe without sacrificing a high degree of preclision and the
economy and convenience associated with radicisotope flow determinations.
-+ Problems of injection, mixing, and sample collection and measurement
are compounded by the large flows and heads. Current field studies at
Flatiron Powerplant, Colorado, are pointed toward field testing of equip-
ment and procedures, establishing reliability, identifying areas for
further improvement, and studying tracetr mixing. .The results to date
are approaching the goal of probable inaccuracy of less than ¥ 0.75 per-
cent. Field tests of the method have proven successful and additional
measurements are planned for a pumping unit at the Flatiron Plant in
‘aorder to gain comparable data on the application to pumps. Leboratory
and field studies are continuing in order to further perfect equipment
and field procedures, and to further define the limitations of 1ength
of pipe lmposed by mixlng requirements.

Cost Analysis

An important objective of the radloisotope approsch is to achieve
simplicity and economy in applicetion. This accomplizhment would
‘meet: an expressed need and could encourage more frequent testing of
“turbine or pump capabilities, especially on operating projects.
Insofar as new facilities are concerned, the asmount of cost involved
in water discharge measurements is not as an important factor in deter-
mining whether acceptance tests of new facilities will be made, since
‘testing is a prereguisite to contract completion and represents a
small fraction.of the initial investment required. However a signif-
icant reduction in the cost or complexity of making accurate flow
measurements could influence the present practice of testing at random
‘only one machine of a muiltiple-unit installation. As discussed sub-~
sequently, possible minor variations of efficiency among units (a
fraction of 1 percent), and identification of optimum operating char-
acteristics peculiar to specific units over a range of heads could
justlfy testing more than one unit if the associated costs, incon-_
veniences, -and shutdown time were reduced to a mlnimum.

An analysis was made to provide the relative order of magnitude of
total costs: ‘incurred for formal acceptance tests of efficiency and

the: proportions associated with the more difficult waterflow measure-
‘ment phase. For comparative purposes estimates were predicted for

the radioisotope method based on best information available assuming

a routine :application. The two conventional methods selected for
comparison are the ones now in. predominant use by the Bureau in testing
"high-head turbines and pumps, the pressure-time (Gibson) and the salt-
veloclity methods. As indicated previously where physical conditions:




permit, the Gibson method is favored for turbines; the salt-velocity
method is used for all pumps and for some turbines.

‘Because each test must be engineered to fit the particular insgtalla-
tion involved, the estimated costs shown for the two methods in Tabl
must be- considered approxlmate.

Table 1, Comparison of typical costs of formal acceptance
tests for a single turbine-generator unit using the pressure-
time and the salt-velocity methods of flow measurement

Pressure-time Salt-
Ttem (Gibson) . veloeity

Water discharge measurements
.Pressure head measurements
Electrical measurements
_Brochure and report preparation
Test supervision.

$ 9,000
700
2,500
2,800
1,600

" $16,600

$ 7,700
- 700
2,500
2,800
1,600

$15,3oo

It is apparent from the estimates that the major portion--about one=-
half of the totals~-is for measuring discharges with the balance .
‘common to all acceptance tests regardless of method used in- determinlng
flow. It is noted that all costs of the salt-velocity application are
. for Bureau lsbor, materials, and supplies and include minor deprecia-
‘tion expenses on about $5,000 of reusable equipment.. In the Gibson -
estimate gbout $6,000 is included for outside contractor fees, Inasmuch
as the Gibson patent-rights have expired, consideration is being given
the Bureau to develop necessary equipment to conduct its own pressure-

-~ time tests. Hardware requirements are considerably less than those

necessary for the salt-velocity method and it is expected that at some
- future time costs for:the pressure-time .approach can be reduced.:

The estimates of the potential costs for the radioisotope_method assume
that ‘a small cadre of technicians would be trained in handling the
required radioactive tracers and the counting and recording instruments.
One trained and experienced technician would be available in each region
and would secure the necessary field assistance from operating personnel,
. preferably located at the site. All instrumentation and special equip- .

> ment would be centralized at one location in the region and be designed -

for maximum portability and rapid installation. Two estimates were
prepared, one’ reflecting the use.of a single-point injection system
_.where ‘the peastock or discharge line has the equivalence of 100-pipe .

B “diameters in length accessible for testing and the other requiring

;multiple-point injectlon which would ‘have much wider application _
where as little as 25 pipe diameters in length are available. A summary
.of_signiflcent,elementsgof cost for radloisotope water_measurements.is




presented in Table 2; other costs in a formal acceptance test would be
the same as previously listed.

Table 2. Predicted costs for radioisotope method for uaterflow
measprement

_ : Single~point Multiple-po.int
Item injection injection

‘Labor ' $ ‘00 $1,100
- Trangportation and travel expenses 200 - 200
Radioisotope 300 - 300
Engineering design and fabrication
of fittings and pipe _ 300 . 1,500

. Depreciation of equipment . 300 . ___300

$1,Boo ‘ $3,h00

As ‘indicated in the preceding table, the single-point inaection routine
would require minimum labor and hardware costs. It is expected that a
major share of the labor costs will be for local cperating personnel,
as 1t is expected that the regional technician would direct and assist
installation of equipment on the first day, perform the radioisotope
injections and measurements the second’day, and reduce the data and
remove the: eqpipment on the third day. By use of automatic recording
instruments the tests can be conducted with a minimum of time and

- effort. The multiple-point injection system would requlire dewatering,

design and installation of a more elaborate injection assembly, and
.conseqpently additional expense in labor and material.

An important factor bearing on the appraisal of costs not recognlzed
in the preceding estimates 'is the relative shutdown time required
under the various test procedures. This can be a crucial item for
turbines and pumps in continuous operation. Interruption of operations
ig not as 1mporbant in formal acceptance tests, because internal inspec-

. tion of water- passages and vital parts of the machinery is a requlred

. procedure.

An array of methods according to the length of shutdown period would
.rate the salt-veloeity as the most demanding because of its elaborate
‘injection, mixing, and detection devices that must be placed inside
_the.conduit., The pressure-time (Gibson), pitot, and radioisotope
methods ‘would require significantly less time. In this regard, a sig-
" ‘nificant advantage would accrue to the single-injection ‘radioisotope
Mprocedure, .as shutdown can be. greatly minimized and possibly altecgether

-d_:eliminsted if advence provisions were mede for the relatively inexpen-

,sive taps. -and fittings permitting access to the pipe under pressure.
Multiple injectlon of radioisotopes would be more time consuming but
still would require less time ‘than the salt-velocity msthod.




The photographic comparison presented 1n Exhibit 2 provides perspec-
tive on the relative size of the facilities required for application
of the salt-velocity method and the radiolsotope method. It 1z noted
that only those instruments necessary for the radioisotope test have
been blocked out on the instrument panel of the mobile nuclear lab-
oratory. The especially equipped truck is used for performing field
tests using radioisotopes in ground-water studies, open-channel flows,
‘as well as in studies of flows in high-pressure conduits. '

Routine checks of efficiency could involve considerably less cost than
the totals shown for a complete and formelly documented acceptance
‘tests. The costs of brochure and report preparation and test supervision
shown in Table 2 could be reduced substantially and, in those instances
where there is a lack of information on efficiency and less accurate~
data are useful, the expense of the electrical measurements can be mate-
rially decreased by using the instruments normally available in record- .
ing day-to-day operations. These reductions together with the possibility
of reducing conventional water measurement costs by.three-fourths to
one-half with. a minimum of shutdown time should make the benefits from
accurate flow measurements from using radioisotopes within reach of many
operating hydroelectric and pump projects having a wide range of installed
capacities. Since the costs appear attractive, the next step is to ana-
lyze the possibilities for widespread use from both an economic and
physical viewpoint in order to get some insight on potential benefits

. from radioisqpope application to operating and new projects.

Application to Operating Projects

One of the most promising opportun’ties for use of the radiolsotope
method of flow measurement lies in the potential widespread applica-
tion to existing projects. The provision of highly accurate and
readily available discharge data on flows in high-pressure conduits
over the whole spectrun of operating conditions could result in better
tutilization of existing machine capabilities. Substantial benefits
could result from the use of a new measuring tool not now avallable by
capitalizing on small increases in the overall average efficiencies of
turbine-generators and pumps operated over .a period of tlme, and from
better control of available water supplies.

'ffPowegglants.-dOften the only precise information on the performance of

. a particular turbine-generating unit is the results of the efficlency

test made at the time of acceptance on completion.of the facility.

*. . Inasmuch as. acceptance tests are oriented toward determining that war-

- ranties have been met, optimum operating criteria are assumed and tests
are not scheduled until=<the design head is reached. (Under some rela-
tively rare circumstances, such.as occurred at Glen Canyon Dam, the
design head might not oceur until after the supplier's guarantee on
_ eff1ciency has lapsed.) Day-to- day and month-to-month operations over

w




EXHIBIT £

Comparison of equipment for salt velocity and prospective radioisotope
_methods for high-pressure flow measurements.

SALT YELOCITY--Injection Equipment

RADIOISOTOPES--Injesiion Equipment

Radioisotope Injection Station--single-point injector.
Small volume of radioactive solution (<1 Liter) is
pulse injected into the flow using nitrogen or com-
pressed air. Photo P416-D-60358NA

Turbulator Photo 416-D-56705NA




EXHIBIT 2--Continued

Comparison of equipment for salt velocity and prospective radioisotope
methods for high-pressure flow measurements.

RADIOISOTOPES--Detection & Recording Equipment

Electrode No. 1 (2 required) Phote P416-D-56706NA

Flow Sampling Tank and Nuclear Detector
Fhoto PX-D-55948NA

Two-Channel Direct Writing Recorder
Photo P416-D-56695NA

Nuclear Counting Equipment in Mobile Laboratory—
Instruments necessary for flow measurement lnside
bordered area. Phota PX-D-55053NA




the . hydrologic cycle seldom equal the ideal design parameters, and con-
sequently there is a need for accurate performance ratings over a broed
-range of condltlons. . :

PIn those DrDJECtS where efficiency tests have been completed and flow-
meters installed and _calibrated, performance characterlstics ‘eAn be
extrapolated with accuracy within someé reasonable margin of tha test
point. "When. operating heads depart significantly from the design head,
less accurate calculations and spproximations on relative efflciency
‘of the turbine-senerators must be ‘relied upon. Furthermore,. many of,
the older projects do not have the benefit .of calibrated flowmeters.

The "time lapsefbetween the initial installetion, at which time tests
are made, and’'current esperations can alsc adversely affect performance
due to wear and tear on the machines, Physical inspection and measure-

" ment of wearing parts of the turbine and available flow indicators can

indicate possible losses in efficiency but it is questionable whether’
" reduction of a few.percentage points can be detected in this manner,
Thus the timing gf:repairs necesgsary for restoration to initial effi-
ciency levels may. not be at optimum intervals. An improved and
convenient method such as radioisctopes may offer would facilitate
inspectlon.

Using available'information, performance curves for powerplants are
normally prepared for each installation covering the full range of
operating conditions and become, the basis for selecting specific units
_ needed to meet certain demands. In many systems power generation is =~
* greatly influenced by water releases for other purposes. Where there
is a choice of making the necessary water releases through two or

. more geographically separated installations or individual wnits within
an installation, the logical’selection would, of course, be to utilize
the best machine available to get the most kilcwattéﬁours out of a
given quantity of water. On the other hand, when electric energy is _
"-the primary purposes for releases of water the most efficient plani--

- if it can'be identified--would be z3lled upon to produce the required
_power with a minimum of water to avoid unnecessary waste. -Poweér con-

- tracts may specify the amounts to be delivered under certain water

supply situations, especially during dry periods. In these circum--
~stances, there are distinct advantages in being able to predict '
" turbine performance within a small percentage of error under condi-
-tions which may.widely differ from those existlng at: the- time accept- -
ance tests were conducted._ I :

= The availablllty of ‘an accurate-and 1nexpensive means to. measure flow
".dlscharges could permit the ‘institution. of a program calling for
. periodic- and: routine’ testing of efficiency 55 that ‘the- performance _
) characterlstlcs of individual turbine-generators could Ye precisely




known. Then, not only could greater use be made .of the aeat power .
units, but also maintenance progrems “sould be more’tlmely scheduled'm
as accurate basic data would be a% hand to analyze the tradeoff :
between the incremental expense of making necessary repalrs :mﬂ
adjustments, and potential.gains in power revenues. Optimizntion :
of meintenance programs cOuld mean. an average increase in co3ts from
scheduling repairs at more frequent 1ntervais, on the other hanad, it
is possible that precise effrciency data may show that economies can.
o be gained by lengthenrng the rnterval.‘;- =

Before estimates of potent1a1 beneflts can be reduced to dollars ‘and
cents, the extent to which the radioisotope’can be appliea to:power=
plants in the Bureau's program must first be determined. ° The current
list of 58 powerplants constructed or nnder construction having a
total capacity’of 11.6 million kw was; screened 40 meke. this determina-
tion. As mentioned earlier the rength and aceessibility of high-
pressure penstocks are 1mportant facters in acswering the. ques+ion ‘of':
applicability. This limitation resulted-in the elimlnation .of a number
of concrete dams having short- penstocks. ‘It is.noteworthy that among
the larger plants excluded were Hoover:and the Grand Coulee, develop-
ments, as current research. efforts suggzest ‘that. the radioisctope
method cannot be expected to perform with accuracy for these proaectg.

A total of 21 powerplants having a comhined 1nsta11ed capacity of

'3 million kw were delireated as having & reasonable chance for suc~ i
cessful appliecation of" radloactlve tracers. A further 1nspect10n i
disclosed the relative influence of the penstock length requiremen :

of 100 diameters hy identlfylng those plants susceptlble to the us ;

of the simple and less costly slngle-inaectlon system. Although it~

was found that only one-third-ofithe installed capaclty suuject to
radioisotope applicatlon fell«in- thrs preferred” category, ‘two-thirds -

of the total number-of plants- were covered. This finding has its
favorable side as a large-number of the smaller units were included
-which could better afford the less expensive single-injection approach.
The category requiring the more expensive and complex multiple-lnjection
. assezblies encompassed larger plants such as Glen SCanyon, Shasta, ‘
Yellowtail, and Hungry Horse whlch of course, could more readily absorb
.the greater expense involved butqmight st111 be: dlsadvantaged due to i;?
_shutdown’ requirements. € ~

.Several value cvrves were developed to test the hypothesis that a

-small fraction of an’increase in’ efficiencies for turbine-generators -
can produce . substantial economic benefits. ‘Since large Federal invest~
‘ments have already been committed, any incremental cost would be-
restricted to-additional testing, modificatlons of machines over and

. above that now incurred, or refinements in operating techniques. . It

--is noted that an. increase of 1 percent in the rated efficiency of "a




turbine means more than a 1 percent gain in the overall effect on
power production {or consumption in terms of a punp). ‘For example,
- galn of -rated efficieney from 90 to 9L percent means an overall
gain in productivity of - L/90 whieh equals 1.1l percent. The value
deterninations in this report reflect the overall effect on electric
_power productlon (or consumption in the case of pumps)

- As presented in Exhibit 3, separate. curves were . computed for poss1ble
increases in machine efflclencies of one-fourth and one-half percent
covering the 3 millicn kw in the Bureau' s program subject to the
radioisotope flow measurement method. The amounts shown on the left
scale are values -at the time improvements are first made reflecting

"present worth" using the current Federal interest rate for water
resource developments of 3-~1/4 percent. The bottom scale indicates
the number of years benefits might:accrue. Thus from the curves it
can be readily determined how much one is willing to pay today for
increased machine efficiency that would last a specific period of
time; for example, a one-half percent increase in overall ‘efficiency
lasting 10 years would have a present value of’ $2.2 million. For the
first year .at the same increase in efflclency the value Would be about

: one-fourth of a million dollars. _ =

i

These values are based on generallzed assumptions regardlng plant

" factor and power rates per lwhr. These factors would actually vary
among major river baslns as well as individual projects. The use of
rates . representlng ‘power revenues introduces some conservatism in the
ssuudy, £6T in many lnstances, the rates afe below average market prices,
L I potential ‘benefits were measurad in terms of alternative costs at
,other than Federal: financing in accordance with present evaluation
ﬁb procedures, values { .-d tend to be higher. It is believed that the
* averages.used which reflect a 50 pércejit plant factor and a, L4-miyl-
per-kwhr rate are reasonable. The relatlonSths, however, are linear
and adgustments up or down for either plant factor or rate can be
easily approximated. It is noted that reductions in plant factor are
normally attended w1th an increase in the. value of energy per kwhr
because of use as- peaklng. I :
Appralsals were also made of the potentlal gains from ind1v1dual
plants with the evaluation criteria tallored to meet the particular
project. * Each powerplant ig operated as psrt of basinwlde systems,
consequently average conditions within each basin were postulated.
The :value of power. as reflected in power revenues can vary signifi- :
cantly from the Pacifics Northwest where firm power rates at comparable -
load factors may-yield % mllls or’ less as compared to up to 6 mills
Misgouri River Basin Project i
;and ‘Central Valley Project fall in- uetween ‘thesezpoints. Sales aof S
: nonflrm, ‘secondary, and. pumplng energy have the effect of reducing
the everage returns. oo .

I
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The following tabulation illustrates the potential economic geins for
selected projects having a wide range of installed capacitles, and
assuming 1 percepnt increase in efficiency. It was considered that an
increase of 1 percent was possible on individual plant basis, but that
the fractional increases previously presented were more appropriate
as an overall average gain covering all powerplants susceptible to
radiolsoctope flow measurements. The smallest installation shown is
for one unit of the Flatiron Powerplant of the Colorado-Big Thompson
- Project to provide an idea of the relative magnitude of gain for
smaller units,. Values for still smaller units can be approximated
on a straight proporticnate basis. Potential gains presented for
.gelected years are cumulative and reflect present worth at the cur-
rent interest rate of 3-l/h percent.

Table 3. Present worth of potential gains from a 1 percent increase
in turbine-generator efficiency for selected plants

Possible increases in values

“Powerplant

Reglon

Capaéity
(o}

5

years
($1,000)

10
years

($1.,000)

25
years
($1,000)

50.
years
($1,000)

. Glen Canyon .900 $o90 | $1,820 | ¢$3,670 | $5,320
Hungry Horse _ 285 110 200 400 580
"Yellowtail. 250 : 160 260 580 850
Trinity = | 100 90 170 330 | - 480
Flatiron No. 1 3i. 5. 3 : =« 55 110 160

" Pumping:Plants.--The general approach in determining potential benefits

~ from the operation of high-pressure pumps closer to maximum capabilities
through better discharge measurements is similar to that used to evaluate
powerplants. Frequent availability of good information on relative effi-
" cieneies would provide greater discretion in selecting the best units
for baseload operations, more timely maintenance programs so that year-
to-year outputs consistently score . higher on the efficiency curve, and

. better control and regulation of water supplies. The most obvious gains
would -be potential sav1ngl in pumping energy. '

An analysis of the application of the rad101sotope method to pumps

~ pointed up two important variations from conditions encountered when
_considering powerplants. First it wes noted that there was a preponder-
"ance of relatively small pumps and conseguently a greater sensitivity
to the expense of testing; and, secondly, there was a greater potential
in realizing several percentage points in efficiency because of a gen-

eral lack in testing and the greater incidence of wear-lnduclng sediment
‘in water. pumped._




In Bureau operations, formal acceptance testing in the field has been
limited only to the larger pumps with the salt-velocity method being
used almost exclusively. In the recent past, five actual tests have
been conducted at project sites. . Shop tests normally form the basis
for acceptance for smaller plants (up to 2,500 hp). The expense; the
requirements of access to discharge lines for internal placement of

the elaborate injection, mixing, and detecting equipment; and the shut-
down requirements all combine to limit the number of tests run using
the salt-velocity method.

Flow measurements by use of pitot tubes may prove to be an attractive
alternative method for application to small installations; however,
technical problems: of obtaining precise results as yet have not been
overcome. At present that method has occasional field use, primarily
.in connection with comparative studies in problem areas where several
methods are employed.

In appraising the extent of radioisotope appliecability, the current
list of Bureau pumping plants, 1,000 hp or larger, -either constructed
or under construction was examined. In the screening process it m'
became epparent that physical criteria had to be supplemented by eco-
nomic considerations because potential gains from a 1,000-hp instzlla-
tion would justify only a small additional dollar expenditure. As =

.. result, a minimum plant size of 5,000 hp was selected as the break-even

" point where potential gains from a smell increase in machine efficiency
approximeted the anticipated cost of a flow test using radioisotopes.

- The smaller plants have two factors which tend to offset size; one is
that there should be a greater opportunity to pick up several percentage
points in efficiency; and two, the average cost for energy is higher
‘as often local “sources of power must be relied upon.

It is recognized that a pump installation normally.consists of a number
of individual units each of which could have a separate discharge line
requiring individual testing. It is expected, however, that the added.
costs of testing more than one unit at the same site and time would be
.8mall; especially where several units manifold into a single discharge
line necessitating only one setup and where the single injection of
radioisotope material is permissible.

Inspection of published statistical data as of 1966 disclosed that of
the total rated horsepower-of 1.7 million in 96 pumping plants, 1.3 mil-
lion hp in 13 plants met the physical and econcomic conditions of appli-
cability for radioisotope testing. The importance of large units was
conspicuous by the fact that L of the 13 plants ranged in size from -

135,000 -to 460,000 hp, ‘and 9 plants were in the 5,000~ to 14,000-hp

" range. AlL but 2 of the plants were considered amenable to the -applica-
tion of the less expensive single-injection system. These 2 plants were




over 200,000 hp in size and could well afford the extra cost. As
mentioned previously, due to the possibility that the pump impellers
can be used as mixers for the radioisotope solution, the single-
injection system could have an even more widespread application.

Economic indicators were developed on relative magnitude of values
resulting from possible reductions in energy requirements for the
1,300,000 hp susceptible to radioisotope water measurement technigues.
A value curve representing 1 percent potentisl increase in efficiency
was plotted using power values comparable to those assumed for power-
plants. Federal pumping power rates were not used in computing the
monetary benefits as these are considered to be artificially low.

This is due to the large influence of low, partially subsidized irrige-
tion pump rates which result from present poliey and legislative history
to encourage irrigation. Furthermore, any power released by reduced
pumping should find a ready commercial market,

Ag with powerplants, variations in power values and plant factors occur
from one regional area to another and required generalizing and weight-
ing in the selection of averages used. Precise and detailed statistical
analyses are not considered necessary for the purposes of this study as
the emphasis is to develop value indicators and trends. However, some
mention of the wide variations encountered in plant factors and power
values may be of interest. The lowest plant factor was under 15 percent
and represented the pumping cycle of a reversible pump-turbine facility.
Pumping during irrigation seasons only, produced factors of about 30 per-
cent depending upon climatological conditions; year-round pumping for
regulation or supplying municipal and industrial needs increased annual
operstions to up to 90 percent of the time. The capability to avoid
pumping during daily or seasonal electrical peaking hours and location
in areas of "cheap" power resulted in values as low as 3 mills. On

‘the other hand, where pump operations are located in areas of higher
electrical fuel costs or where local sources must:be-relied upon,

power would have almost twice that value--one was as high as 7-1/2 mills.

Exhibit 4 presents a value curve showing the potential benefits from .
improving operations on"l.3 million hp in pumps subject to radioisotope
measurements. The curve assumes a power value of 4-1/2 mills and a
plant factor of 40 percent, which represent averages from weighting the
most significant factors. By operating 1 percent closer to actual ..~
machine capabilities, benefits realized could amount to $150,000 for

the first year and accumulate to almost $1,300,000 in 10 years. The
largest installation included is the Sen Luis Pumping Flent. rated at
460,000 hp. All of the San Luis units are reversible and have a total
generating capability of 424,000 kw. This pump-generator plant, as

" well as one other, is included in both the powerplant and pumping -plant

. studies as separate waterflow measurements are necessary for testing
.efficiencies .in each of the pumping and generating cycles.
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The possible variations in evaluating criteria for efficiency grins
strongly indicate that case-by-case analyees would need to be nade

to determine first the degree of testing expenses involved and secondly
in the.event that repalrs are necessary just how much added cost will
be incurred. As discussed previously, the effect on copts of repelr
would more than likely be in changes in the timing of meintenance pro-
grams. To provide some illumination on the amount of added cost a

1 percent average increase in efficiency could support, selected plants
were studied individually and the results are summarized in the next
table. The spparent poor correlation in size and benefits is due to~
:the wide varlatlons in plant factors and values of electric energy.

“Pable 4. Present worth of potential gains from a 1 percent
increase in pump efficiency for selected plants '

o

Time periods--in $1,000

'Plant - | Region | Capacity | L 5 0 | 25
hp year | years | years | years.

Grand Coulee - 390,000 30 | 1bko 260 520
Tracy ' : 1 135,000 39 180 | 340 670
Flatiron _/ 13,000 1.3} - 6 11 22
Capadian River '

Pump No. 2 | . 5,000 | 1.9 9 17 34

1/Pump-generator used primarily a5 pump.

Water Control.-~It naturally follows that the ability to accurately
measure discharges through high-pressure turbines and pumps not only pro-
‘duces benefits in.terms of energy gained or saved but also ‘advantages in
the management of water supplles. Releases through powerplantsg are
normally intc. open river channels and are difficult to gage precisely.
The ability to calculate flows witt 'n a small margin of the true flows
would mean better administration . water rights -and improved accounting”
of supplies released to various water users. This would make a contribu-
tion toward the elimination of waste and may mean greater availability _
for proaect use. 5 .

Pump d;scharges'into open channels are difficult to measuré within a
- percentage or two of -actual flows. Through a periodic determination
of efficlencies pumps can be .maintained to operate closer to ‘their
. designed capabilities so that full output can be relied upon during
“those critical dry pericds wher maximum capacities are taxed. Timely
water applicatlons can make- substantlal differences 1ln irrigated crop

 “yields. Water put +a mun1c1pa1 and - industrial use can have. even a

‘higher value. Greater amounts of M&I supplies are expected to be deliv-
ered th:ougp‘hlgh-head pumps over longer distances. In view of- -project




- repayment requirements and equitable distribution of supplies, accurate
metering of MkI water is to the best interest of all parties involved.

A number of variables are involved in reducing the benefits from
Amproved water management to s hard dollar estimate. There are many
links in the chain beginning from the storage and diversion of river-
flows to the final delivery to the water user. Water losses in the
form of'evaporation, transportation, and on-farm application all play
‘major roles in the control and distribution of water. Nevertheless
the provision of an accurate measuring tool such as that . anticipated
by the use of radioisotopes in high-pressure-conduits can make a con-
tribution to better management and use of valuable water supplies.

" Application to New Facilities

Preceding sections indicated that the radioisotope method for deter-
. mining hydraulic flow in high-pressure conduits has potential applica-
tion to a significant percentage of projects constructed or under
" econstruction by the Bureau. The availability of a highly precise
method which can measure discharges from turbines and pumps within an
expected probable inaccuracy of % 3/4 of 1 percent could encourage the
production of more efficient machines for inclusion in Ffuture projects.
It is generally agreed that in any industry where it is 4ifficult to
establish rigid specifications or standards and which lack a precise
gage for checking acceptability within: these criteria, there wuay be
“opportunities for product improvement not yet exploited.. ‘A method
which can accurately determine whether design atandards are met and -
‘which is agreeable to both the seller and the buyer can encourage
competition and result in the upgrading of the product. A highly.
accurate method for measuring discharges through turbines and pumps-=
~an expressed goal of the radicisotope research program--could make
some contribution to expectations of securing machinery having small
_‘but economically significant gains in efficiency.

~An indication of the value of a fraction of a percent of machine effi-
“eclency is provided by a review of standard penalty clauses included

in invitations to bid.. Provisions for financial adjustments are thus
-made in the event that the supplier fails to meet the warranted effi-
. ciencies operating under the specified design conditions. Several
examples are provided for various :sizes of  powerplants and pumping
plants. . As noted.in:the following summary table, the amount of penalty
“is.8 direet . functlcn of the size, percentage of time the plant is
-expected ‘to’ operate, and power values. Penalties. -are usually shown
 separately for losses in energy and "apaclty and are specified to the
. " nearest 1/100 of 1 percent. For. .purposes of presentation, the penaltles.
" ‘have been converted .o the equivalence of al percent losgs.




Table 5. Selected examples of penalty clauses for losses in
efficiency included 'in invitations to bid

e ' Penalty for
-Plant ' Total 1 percent efficiency loss
c capacity Energy Capacity

' Glen Canyon Powerplant 500,000 kw $670,000 $1,070,000
Judge Francis Carr i
‘Powerplant ' - 134,000 kw 157,000% *
Dos Amigos :Pumping Plant = 240,000 hp 92,500 95,000 -
‘Flatiron Pumping Plant - 13,000 hp 12,500 12,500

*Combined value.representing 2 loss in both components.

The possibility for realizing benefits from increased efficiencies in
new powerplants is perhaps not as great as those for pumping installa-
tions. A good many of the best hydroelectric damsites have been devel-
‘oped and a large share of those remaining represent large concrete
_structures with relatively short penstocks and consequently are not
good prospects for the:use of radioisotopes. On the other hand, as
;water supply needs expsnd and . greater distances are involved in bring-
. ing water :supplies to points of service, it is expected that more and
more pumping plants of major size and higher lifts will be necessary.
Thus, there are greater prospects in the area of pump developments

for the realization of improvements in efficiencies by virtue of having
a 51mple,1nexpen51ve and accurate method of measuring discharges under
“high pressure. :

To prov1de a. general guldc on potential increases in electrical pro-
~duction. or savings in energy, several value curves were developed to
represent a-wide range of plant sizes of from 1, 000 to 1,000,000 kw.
" These general indicators are useful for both pOWErplants and pumping
~ plants, Pumping plants normally referred to in terms of horsepower
can be. easily converted to its electrical equivalent (1 hp equals

.T46 kw). The curves cover increases in efficiency of 1/4, 1/2, and
1 percent and a band to show values at 4 and 5 mills per kwhr assuming -
-an overall plant factor of 50 percent. As demonstrated in Exhibit 5
‘the benefits, reed on the left scale, are sen51t1ve to installed
capecity as it requires a 1 percent-gainin efflclency and a minimum
of 5,000 kw- to- produce an annual beneflt of about $1 000.
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ABSTRACT

“In. order to. make use- of the selt-dilution method for measuring volume flow-

urates in high—head turbines, a more senmsitive anslytical technique for measuring

centration of tracer ion is required. The radio-release metnod of analysis

_1e has thc requisite sensitivity.: Houever, in a series of experiments

:using the’following ions : as tracers, ‘ne satisfactory procedure was developed for.
:'traeer eoneentrations at ‘the ppm level

e ' flueride _ -bromete :;? : s " thicurea

iodide - o " nitrite e _f” _'. chlurate

dichromate - _ nitrete L

'.peruxydieulfete . hydroxylamiue@vf'
‘hypochlorite : “hydrazine

L ’ S, R
‘hypobromite *7v_ : - - urea’ ’

No further experiments are recOmmended

©
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INTRODUCTION
~ .There 1is no- ‘simple satisfactory method for measuring the volume- flow of water
in%high—head turbines.. Many physical and chemical techniques have been investigated,

: but atl have .ane “or - more disadvantages. One .of these techniques is the salt-dilution

.

advantage is its ‘1lack of sensitivity at the flow-rates encountered in htgh head -

method first proposed ‘for other purposea many years ago Its. principal dis-
turbines. A modification of this salt-dilution method was proposed in; the form
of radio-release analysis, in an attempt to overcome the ‘lack of sensitivity. This
is a repcrt of the work carried out ‘to develop a radio-release modification of the
salt-dilution method of measuring ‘high-head ‘turbine discharge.

The aalt-dilution method of measuring volume flow of a fluid depends fundamen-
tally on an accounting of the quantity of material introduced as a-tracer. Assuming
-no:loes of tracer during the course .of the. experiment the mass of tracer ‘passing
‘the sampling point must equal the mass  of tracer introduced In terms of'concentra-
“tions, if-the tracer of conceutration Cl is introduced at a. continuous rate q into-
a fluid flouing ‘at flow-rate Q, then at'a point dovnstream where the tracer has
“become homogeneously -mixed with the bulk fluid, the concentration: of - the tracer- is

' Gy 5Apd,faince*the mass of-tfacer (per unit time) must be accounted'for,. L
i

q€; = QC, .

Now.q, < add‘Czjare measurable'quantities,.therefore_Q,-the unknown volume-£low
- o o

rate of fluid can be calculated

P

.i“? . The arithmetic of the salt dilution method 1s very simple and can "be made to
include those situations where some of the tracer occurs ‘naturally-in the bulk fluid
‘or -where all of *he tracer is introduced instantaneous.y. The’ elegance of the
method is apparent when it 1s realized that the technique eliminates the- need for
-\knowing the velocity of flow, crosg- sectional area, ‘roughness of boundaries, or.
‘0 the path of the fluid. Further, the tracer may be anv material ot physical quantity
-which: can: be: measured quantitatively before introduction and ‘at the aampling point. '
) Ihe only restriction on. the method is that the tracer be homogeneously distrib-
uted thrcughout the bulk fluid at the sampling point This sometimes causes. diffir
culty, eapecially in pipes, where laminar flow characteristics prevent complete :
tracer mixing until many pipe-diameters after the. introduction point. Proper '
-.Hg samplins points can, howwver, he found by experimentation.;'f” : _
e ““Another - factor, which may. act as ‘a restriction, is that the . tracer be. meaSur—J

' able at the sampling point to: as great an accuracy as the purpoae of the experiment o




- non-radioactive ions in aolution._ If the reaction is stoichiometric, then a measure

requires. Indeed, this factor becomes limiting when-large flow rates are involved.
To 11lustrate this peint, assume a chemical tracer of concentration, Cl’ of 0.1 g/ml
is”introducéd at a constant rate, q, of 100 ml/sec into a stream flowing at rate Q
‘of 10 m /Bec. These are reasonable values for‘a typical experiment. The concentra- -
'_tion of the tracer at the sampling point Cz, is cumputed to be 10~ gfml or 1 ppm.
'Although chemical and analytical techniques:can measure concentrations much smaller
than 1 ppm, the procedures are laborious and they must be ‘carried -out by experienced
analysts. ‘1 ppm can be considered the level b ~low which simple conventional analyti~
cal procedures do nmot exist, i
 To measure larger flow rates by the salt-dilutiom method: it is necessary to
‘either increase C, or 4, or measure smallerjvalues of dz.by a berter technique than
is presently available. It is not possible to inerease C1 and q by very much, how-
-ever, and it would not be desirable in.any event, because of the quantity of tracer
,involved. _ﬁith-the values chosen above, 600 grams of tracer are -introduced each
"minute."Inéa:SO‘minute experiment éd'pounds of .tracer dissolved insabout 50 gallons
offwater would. have been used. The only alternative is to develop a”hetter.analyti—
cal procedure. - ’ : _
One of the early attempts to measure smaller values of the trxacer at. the

'sampling point made use of;the sensitive methods of detecting radioactivity. ‘If.a

radiocactive material were used as tracer,. it should be easy to measure more than a
th_efold dilution of tracer--as is dome in_the above illustration. It is indeed
anoSBible to ‘do this, but other factors then: enter the experiment: -availability of
“-suitable’ radioactive species, logistics of heavy shielded containers, difficulties
of working by remote.control, but most important the poss: bility of contaminating
equipment and water supplies. ) ﬁ_

Gold -198 has. most of the desirable: characteristics of a radioactive tracer for
'“Flow measurements ‘and has been used in many experiments. It would be desirable ‘to
aveoid entirely the introduction of radioactivity into water supplies, yet take
ladvantage of the sensitive methods for’ detecting radioactive isotoPe. The radio-
release method of analysis was developed. for this purpose. It is, basically, another.
analytical technique for. measuring low concentrations of non-radioactive ions in ©

~1aqueous solutions,_but it employs the sensitivity of radio-activity detecting techniques.

1

“fmro-msasr ANALYSIS _ ) : o
. In radio-reiease analysis procedures, the ion in low concentration is: caused to

'-:react with a radioactive species An such a manner that - radioactive ions replace: the

"of the resulting radioactivity of the solution is /@ measure of ‘the - concentration of _'




‘the -original non-radioactive ioms. Since radioactivity 1is easy to detect, its
'detection provides a baels for measuring very low concentrations of materials in
raqueous ‘solution.. ‘

An exampie will make the technique clear. Dichromate 1ien 1in acidic solution
.oxidizes silver metal producing soluble silver. and c¢hromic ions:

. Cr207ﬁ+ 6A3l+-14H —e> gagt +20c 4 7u20 .

If the silver metal is radioactive, then the silver ions in solution are also radio-
active. Since the reaction is stoichiometric, measuring the radioactive silver in
solution. allows one to calculate the required concentration of dichromate ion
originally Ain solution to produce’ the measured silver coﬁcentration( ‘.

_ Other radio-release procedures have been described”for dissolved.oxygen(a);
vanadate'ioncé) SO (5), iodide(6) and other: iOns(7)._'Unfortunatelj, the reactioh
:of dichromate ion with silver metal is slow and one hour 16 required for completion.
‘This.is not suitable for routine analysis of.samples.. However, 1t appeared that the
‘principle of radio-release analysis should be. explored:for the reactions which would
make feasible the ‘use of the salt-dilutiom method for measuring flow-rate in bigh-

head- turbines. " Therefore, a series of experiments was - begun..

- EXPERIMENTAL - PROGRAM | | | -
o _'Firct,.the-characteristics ofithe tracer substance were defined. The trecer
 must be’ ' - | _ )
“ -1.-A stable,oxidizing or reducing'agent,
_F2.'-Relatiuely'non-toxic, |
13.i Harmless to turbine. machinery,
4._LInexpensive, and
. 5; Very soluble in cold water. _ o
' These criteria, in: addition to those imposed by the conditions of the radio-release
';principle and. auailable radio-isotOpes limit the choice of tracer.
- Characteristics of the radioisatope to be used include
Chemical properties, i e., it must be an oxidizable or reducible species. ..
. :2, Radiations--it must emit a gamma ray of sufficient energy that it canm’ be |
_.h fcounted conveniently in solutions. ST : :
)‘:3i'_Half life--it should have a: half-life longer than one: week hut not so B
‘long that high specific activities would be difficult to obtain. -
Emphasis on oxidizing and reducing agents stem from the nature of - radio release

hgprocedures' radioactive species must replace non—radioactive ions in solution, and -

AEES




"the resulting solution must be separable for counting purposes from the bulk of the
“-radioactive member of the procedure, Simply, this means a phase change must occur
'“during the'radio-release reaction. .This almost limita the_poaaibilities to oxida-

tion?reduction reactions. Although in principle, precipitation or solubilization

‘reactions might be considered when t he details. of solubility and solubility products

were examined ‘no; feasible system was diacovered.

The -radioactive species which met the criteria are
| o182 |
I131 .
agltom
ers
I’CrSI
The tracers which met the criteria are
" fluoride . e bromate _ .. thiourea
fodide nierite chlorate
~dichromate nitrate . . "hidrogen"peroxide
peroxydiaulfate. : hydroxylamine - bisulfite |
.3hypochlorite o | hydrazine _ " hyposulfite
‘hypobromite . ' urea Tf - . hypophosphite
- The experimental procedure was straightforward. A column of the radiocactive
.,‘isotope was prepared in one of several ways, and a solution of the tracer at the
parts- per-million level was slowly passed through. Effluent from the colum was

.'placed on a scintillation crystal and counted.

 IANTALUM-FLUORIDE ION - S o
. Although fluoride ion does not meet the criterion of:a. tracer*substance being
an: oxidizing or reducing agent ita sp=cial: reaction with tantalum metal ‘singled it
;;out for early attention. Tantalum metal ‘is noted for 1ts' inertneso ‘to most chemical
.:-reagents. ‘The: reaction which geeped ' to have promise for. radio-release analysis,
='however. 1is that between tantalum, nitric acid, and hydrofluoric acid Nitric-_L£;1 _
hydrofluoric acid mixtures are one of the few: aolvents ‘for.- tantalum metal. Tantalum :
T_ilis inaoluble in nitric acid of any. concentration .at:any temperature. The fluoride'. :
~.iomn 18- necesaary to form a- very soluble complex fluo-tantalate ion. The hope was

f-;that even -small. concentration of fluoride ion in: nitric acid- would dissolve propor-j;'

=
o=t

Vetionate quantities of tantalum . Lo : ) .
Tantalum metal was irradiated and - small piecea were packed in.a small polyethylene..

tcolumn Nitric acid aolutious ‘of - varioua concentrations, including the concentrated

7 reagent, containing 1 10 ppm £ ,were passed alowly (0.5 ml/min) through the - column




without auceeaaﬁ* Various mixtures of nitric acid, sulfuric acid, and phosphoric

_ _acid, uith fluoride ion. vere also paased through without any perceptible tantalum

being dissolved._ Iodate ion is rﬂported(a) ‘to oxidize niobium.{which is similar to
. tantalum) in acid solutions 8o various concentratious of sodium iodate were tried
with the fluoride--again without . success. .
= Higher concentrations of fluoride dissolve the metal rapidly, but 1t must be
coneludeu “hat at the part-per-nillion level, fluoride does not attack tantalum

metal in any concentrati_on'of nitric acid.

'ﬁREACTIONS WITH I- -131

' Whereas most radio release reactions occur between a .soluble ion, the tracer,'
‘and a solid member of the reaction, the radioacttve material, it is not necessary
that this be the arrangement.’ It ia ‘only necessar) that the radioactive species
:formed in the reaction be separable from the hulk of the iaotope. The reactions
. of the various valence states of iodine can be used ‘to advantage. Only the element is
.soluble in organic solvents and can thus be extracted from the bulk of an aqueous
solution- containing the other:valence atates.

Both peroxydisulfate and dichromate ions are capable of oxidizing lodide ion to '
iodine:

8208 + 21 - 2804 + 12

| Cr,0, + 61 + 148" - ecr""""_- + 31, + 71{2o .

T At the lﬁ usfnl_level preliminary.colorimetric'experiments showed that the reactions
_uerefslov, but it was not clear vhether'the oxidation was slow, or the aubsequent

' color-formation reaction was limiting. With iocdide ion-I 131, it was soon shown

:that the oxidation ‘reaction was indeed ‘the slow- step.

Reactiona Hithl;ero;vdisulfate fon usually are carried out with silver ion as
.catalyst. Unfortunately, LhiB specific catnlyst cannot be used’ because of the
”insolubility of'silver iodide. “It was -soon . "found .that ferrous.iom will also catalyze
" peroxydisulfste reactions and experiments showed that .the oxidation of iodide ion
fmight be fast. enOugh to- ‘be useful. On going - from distilled water to ordinary tap

water for :the experiments, in order to simulate more closely actual: field conditions,

: -:;other difficulties were. encountered- tap water contains enough ferric ion to -inter=

- . . : pa]
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‘and neroxydisulfate ion at ug/ml concentrations in tap water rapidly decomposes.
Whereas, the ferric ion interference eould be handled by complexins agents, the.
latter difficulty showed the futility of continuing experiments with peroxydisulfate
-ion as tracer., |

~ ‘No method was found for speeding up the oxidation of iodide ion by dichromate,
Chlorate 1ion has the chemieal potential of oxidizing iodide ion, alao.

- - + - :
c103+51__+6n —> 31, + C1 + 30,0 .

2

Preliminary experiments at the 10 pg c1o;/m1 concentration; haowever, produced no
-iodine within 10 minutes, 8o the reaction was not pursued,

REACTIONS ‘WLTH STLVER-110
' The reaction of dichromate ion with silver metal was shown to be slow(z) In
this experimental method, a silver-110 gauze was stirred in a beakar of the dichro-
miate tracer solution until reaction was complete.. The thought occurred that the
reaction. might be accelerated 1if- the dichromete solution could be : passed through a
column of the finely divided metal. .
Silver metal can be so precipitsted but a column of the fine: material greatly
restricts flow of liquid through it(a). A better technique seemed 'to be to precipi-f
“tate the metal in finely divided form on the surface of an inert substrate., Accord-
ingly, silver ion was adsorbed on a cation resin (Dowex-SO) and then the metal was
precipitated in gitu by am ammoniacal solution of formaldehyde (Tollins reaction)
' The column seemed to be very satisfactory, but dichromate solutions of 100 ug/ml
;failed to oxidize-any silver even at pR 2. .The_idea_was not. pursued further.

?EXPERIHBNTS WITH CHROHEUM-SI

_ Chromium. appeared to he a metal which showed promise of being a member of a
.radio release system. As dichromate ion in acid solutiOn, it is a powerful oxidizing
agent, and aeveral common atrong oxidizing agents can take’ ehromic ion to chrOmate
Adon .in either acidic or basic media, ‘Hhereaa_chromium-Sl_doesunot.have the most
ideal nuclear characteristica . (only'B 10% of the disintegrations. yield a countable

- X-ray) it still -is. readily available 4An: high specific activities.T“ﬁccordingly, many-: .
oexperiments were carried: out in attempts to find a goud radio-release system for . :
'.meaSuring low concentrations of a suitable tracer.-“ :

Initially, chromate-Sl ilons were adﬂorhed on Dowex-ZlK, an anion resin. The

' _principle to be used was that while dichromate A would remain adsorbed on the anion _l'

:resin, -chromic iom, which would hf formed .by -reduction: hy the ‘tracer iOn, would pass
'.;through the anion column and be! counted in the effluent.l




. The £irst experiments to be tried were with hydroxylamine and hydrazine at .
'-macroscopic concentrations. The reactions proceeded rapidly. On going to the pug/ml
level, hawever, ‘the appearance of chromic ions in the effluent was restrictively
slow, even at - pH 2. '
The foregoing statement is correct, ‘but does not prove that the chemical

(9

reaction is slow. - Chromic ions in selution are kmown to behave peculiarly on
ion-exchange resins. It was hoped, however, that at pH 2, these partially hydrolyzed
speciea ‘would be minimized and chromic ion would behave more nearly as a pure cationic
species. The possibility therefore existed that the reduction reaction indeed pro-
ceeded quicklp, but the chromic ions were adsorbed on the anion resin because they
assumed poorly characterized hydrolyzed states even at pH 2, |
Another problem arose with respect to use of the Dowex-21K columm, Radiation
decomposition of the organic structure of the resin occurred with. resultant leaking
of unreduced dichromate ion into the effluent. This had been anticipated and an
inorganic ion -exchange. resin was obtained (HZO-l BioRad Labs, Richmond, California)
HZO=1 behaven\as an anion resin at low pH” values, but as a catiou rnsin at, high
- values, At phsl, dichromate ion, Cr-51, was adsorbed om the column and pH L solutions
- of" various reducing agents were passed slowly through. Hydra21ne, hydroxylamine,'
nitrite, ‘sulfite, metabisulfite, hyposulfite, hypophosphite, urea, thiourea, and
ascorbic acid, a1l at the ug/ml concentration level, failed to give chromic ions in
the column. effluent. . ' ﬁ
Whether the failure to produce chromic ions due to slow reaction of the ions or
. to adsorption of the released chromic ions by the column 1s an interesting question,
but its solution 1s-not pertinent to the problem at hand, . Thiourea at. the JO ug/ml
and pH 1.2 reduced dichromate on the column, but even ‘after half an hour of passing
Tsolution at less than 0,5 ml/min, the reaction was far from stolchicmetrie. Less
than 5% reaction had occurred At 1 ug/ml thiourea ‘eoncentration, no chromic ions
. could be observed in the column effluent after 2 hours. q
4 The reverse reaction (the oxidation of chromic ion, Cr-51, on a cation column, .
- Dowex~-50) was then tried. In principle, chromate or dichromate ions formed from
the oxidation. should not remain on a cation eolumn But peroxydLSulfate and bromate
ions in acid solution, and hypochlorite, hypobromite, and hydrogen peroxide in basic
: solutions,'all at ‘the’ 10 ug/ml concentration, failed to give radioective Species in-
'.the .colum effluent.- '

'mscELLAﬂEous mcrrous : S R 4

Several other potential reactions were tried using macroscopic concentrations

'of ions and non-radiocactive . solids to learn whether they would ‘be worth studying at




:the ug/ml level.’ Evidence ‘for the reaction was’ determined either colorimetrically
or. hy "simple” analytical tests.‘ Following "is 'a list of equations which would describe
‘the reactions -
“ed + NOj + 28" —> cd™ + MO, +'ﬁ‘207
+H
3Cd + Cr 0 + 14HA -3>"20r" + 3Cd -+ 7H20

zn + Cr20 + 16— 200+ 3Zn T mzo

=+ 28H —~>"tpCr"+" + 3Zr + L0

32r + ZCr 07

. . .,.J“-.
Either no- reaction occurred or else -as with zinc andacadmium, -the : slightly

4

acidic solutions themselves dissolved ‘the. metals even in the ahse ”e_of other

oxidizing agents.

SUHMAR! AND CONCLUSIONS ] :
5 Attempts to develop a radio-release procedure for use in measuring very small

' concentrations .of tracer ions were not. successful, The goal of the experiments was
:_to be able to meaSure tracer . ion concentrations at the nanogram per milliliter 1evel
(ppb). No procedure uaeful even-at the microgram pnr milliliter level (ppm) was -
-_.fOund.. From these . resc‘ts it seems as 1f the. radio-release method of analysis,

) alttough In: principle a very sensitive method, in practice is severely 1imited by

' ‘reaction kineties. Further work on the method -cannot be recommended.
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APPENDIX 3

ERROR ARAIYSIS OF TOTAL COUNT DISCHARGE MEASUREMENTS

Intreduction.
.. This study hee been made to estimate the probable accuracy of flow
measurements;ﬁade with radioisotopes by the USBR. This analysis
considers oniy those errors due to isotope handling and count ing and
assumes that the sampling rate is constant and that complete mixing
of.the tracer and weter has been achieved. Hhile the analysis is
based on the total count method, the same parameters are generally
“applicable to ‘the integrated aample and dilution methods. ‘The
accuracy using the latter two methods could be improved through the -
better.statistieai accuracy obtained from accumulating ﬁore counts
at ‘the expense of increased time for the measurement This analysis
‘has been divided .into three main groups of development but all of

- the resultant errors contribute to the total error of the measurement,

.The maximm error (dy) in the determination of some quantity
-y = £(xg), is:

wflE

1=1

Where xifis_the‘meeSured”parameter,




"=LeCa11bration Factor‘k__f

'44Ca11bratiun Sulution '

'-fTo meke a atandard solution for. calibratlon purposes, a Small o

.;known pipet volume (v) of the stock solution is diluted to some
fflarger-known volume (V ) Let Ci ‘be the Bpecific activity in
“1uc/m1 of the lsotope shipment after the lnitLal dilution to make

ﬂf;up the stock solut ton,

Then the specific activity of the calibration solution is:

U oegmwey
e

- "But ‘from equation (1)
. ch Ci dv +C

Ve

ih

=,Then the fractional error of the spec1f1c act1v1ty of.the {f'

uecalib“atzon solution is-d

e
‘g;‘“

L

:'5The calzbration faét T (F) for a gzven detectorue gampiing tank

T

*It iean; be 3h°““ that any ab501ute errot 1n Ci w£31 not: affect thet;t“"”

flaw measurement provxded .the calibratzon solution is- made from
the stock solution of specific activity Ci- N .




If: s smsll congtant flow (sample) is removed from the msin-flow
'ﬁduring the passage ‘of .the” tracer wave, the sample will contain a
‘tracer concentrstion equal to that of the msin flow at the time of
_'»sempling. The collected ssmple can be counted continuously ("ssmple '
“tank". technique)§br be collected “to form an “integruted ssmple.z :
:t-fThe sampling intervsl must include the entire time of passsge of
'; the trscer wave. An excessiv"ly long period theoreticslly will
7not result in an erroneous discharge, but can result in grester
"counting errors. To insure that the entire wave is- being sampled ?_._
'oneoor two semples should. be*taken prior to- t, end one Oor 'two -

LY

: efter t,.

;Gﬂhen using the total count method of flow messurement the rsdia-
,ﬂ
.;tion detector s positio/,nfin a sample tsnk, Figures lSA end 163 .
";which 18" continuously ssmpling the discharge The total net '

"_counts ‘are- observed during the time of passsge of the - tracer. through

""fthe.system.~ The_totslncount,'N,,-is.dependent upon the-count.rate,

[t s
SN e

" T

'R, thus

vy S

g"}This average count ﬂ'?ﬁiﬁ.is also directly prOportional to the '

l"'v .

“}concentration by a simple relationship




(6)

-:‘

The proportionality factor, F, is a function'of the counting.system,

the radioactive material used and the geometry of: the . detector

[

position. The measurement of F is: discusseo in another section

of this report Counting System Calibration. By”substitution of
“‘the. equivalent to GT into Equation ), .

»: { p
VA

qi=AL R gcounts/secondz SE c)

CT " (ue/cubic foot) (counts)’

Dl

the equation for the total covnt method.

Tracer Handling Procedures . e

The radioactive material used in the tests was received in a con- :

=)

centrated solution. " The -amount of activity required for a series
of field tests is usually in excess of 500 millicuries._ The accu-
rate preparation and’ measurement of each 1njected amount_of radio-
activity has been a’ significant part of our . research activity
Due to. the preaence of a’ high radiation field around the source,

- all fluid transfer must be done using remote handling tools.‘ The““

most convenient method for transfer and measurement of solutions

inhthe field is the use of a remotely oPerated pipet. However,

o
2




. To provide better accuracy an- apparatus was developed ‘to transfer

-meaaured smounts of radioactivity*'rom the original quantity.to a

@
Tt

:"h ,separatc co tainer for injection. ‘This apparatus, Figure 17,418 -

Tt

‘made’ up using an® automatic buret. The buret ie ‘filled and emptied
_using small pressure bulbs snd a: long handle to remotely operate the

B stopcock. 'Graduations on the glasa are disregarded because - the. true

volume of the buret has been measured gravinmtrically. S -

B

_~The concentrated radioactive solution, when received at the field

_f site, is diluted to convenient volume (usually 1 liter) This )
:lstock solution, Ci, is kept in a shielded compartment while -1 known
“fxaction of . ita volume is forced through tubing to the automatic _:

. buret, The buret is filled each time to the overflow tip. Any
:overflow is trapped in a uastc conteiner. Injections (Al, 2,:'7'Idﬁ).

"are made up: of a. predetermined number of buret volumes. The size of the

: buret can be selected to fit the. needs of: each individual test ser*es.

.”ﬂTests of . this method of: liquid transfer in our laboratory shoued

'-,that repeated volume measurements ean be carried out with an accu—_;

s ) . B
-racy of plus or minus 0. 05 percent. e
0

<

f“Counting sttem Calibration

>




-Figure 17
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developed’mctaocvto determine the quantity, qaing a portable cali-
bration bench was mot accurate.enougm.to.meet.omrlrequirements |
'ifor fielc.caliﬁratianZI' fherefore; a method hae been deveicped-to
calibrate the counting systems“at:the field'site usingla.small_
volume of_the material ordered for that specified test. To elimi-
.unate-the.heed for determiniag the absolute activity'ot_the radioiso-
‘tope, fractiona'ct'the.initiai'dilution are maed for the-caliﬁration:
i of the.countingﬁsﬁstem.. Am arbitrary value for the activity can be
asaignedutc tﬁe'initial dilution of about 1 liter (e.g. 500 miili- |
curies) reauiting'im a ratio of 0.5 millicurie per miliiliter.
‘All,quantitiea to be im_jected for".the-diacha;rge meas.ure'mer;ts and
"ali.qua;titieetto be used for calibration or the sample tanks orig~
' inate ‘from the initial dilution. An absolute error in Ci will
- mot affect the flow measurement provided that the calibration solu-

tion is made from the atock solution.ﬂ Uling 'this- method it is not

-~
i ,.——-J'

T necessary to know—preciaely the abaolute activity of the isotOpe )

,!
PR

”injected,

.QHeaaurcments were performed in the Bureau's Denver Office laboratory
“to evaluate. the procedurea for . calibrating the sample tank Figure 16B,
-and counting systems for radioisatape flow measurements. “The measure-
]ment system used’ was “the . automatic dual- channel scaler-printer pur-.

U

‘;;chaaed specifically for the flow measurement program. and a scintil-

"lation detector with a 1 1/2- by 1 inch NAI(TI) crystal




;Because the vblnme'of the tank muast be accurately known for cali-
'bration purposes, a aeries of measuremente of the tank volume were
‘mmde over -a ‘water temperature range of 40” to 90° F to determine
-the variations in volume with ‘temperature. This range of water
'temperature wotld include temperaturee normally expected in turbine
and:pnmp installations. Only a small correcticn of tank volume is
-required for:temperature variations and the meximnm"error.after

eorreetion‘is:plus'or'minue 0.5 percent,

wF

L
EA

‘The response of the'photomultiplier-tuberand solid state preampli-

fier;in the counting'system is subjeet to-variation with tempera-
“ture. To minimize the temperature effect, the eample tank was
filled from a flowing gource of water and allomed to stabilize until
the - tank and the leintillation counter had come to a temperature_
: equilibriumb
_ ’
i

\"\‘ .

\L,'

' During the field measuremenrs, the temperature‘or the wnter will‘?
not vary aignificantly in the relatively ehort period of thme for
.the'teata. Therefore, it is only necessary to measure the water
'?temperature-et the'beginning;and-again at.the.end of the test period
1tO determine the volume of the tank. The vater temperature duringin;

?the field measurementa waa very near the ‘temperature . of the water

'i_when volume meaaurementa were made on the tank in the laboratory

*;Therefore ‘no- volume - corrections for - temperature were made in- the

'7?.field becauge the volume change ‘was - eonsidered inaignificant..




'.Iherbackground countlrate must be determined before.any tracer

_materials are_brought near'thejcounting system, The'background"
should be measured to.a atatiatical accuracy of about plus or ninus
1 percent. A l-percent error in the background measurement will
'result in a negligible error in the gross count-after-addition of

* the isotope provided that.the groaa(count rate,ia large with

'reapectrto'the hackground. In practice, the groaa count rate in
calibrating ‘the tank has been made at leaat as high as the mathun_.
rate_expected during_the flow measurement. This rate may range as
high_aafl,UDD'cpa'(counta per second) compared to a meaaured‘back-
groundxcount-of about 45 cps. |

On top of the tank there ia a 2 inch pipe cap. fhe cap is removed_
:”and the. water 1eve1 in the tank carefully adjusted to a- water 1eve1

Tﬂmark for calibration. When the can’ia removed ahlarge funnel can

be attached over the opening. ‘This funnel ia used uhen adding and

"mixing iaotote in the tank to prevent apilla of radioactive material :

on the outer surface of the’ tank and .to. catch bubbles erupting during

air mixing.

| ;The“tracer'iS-mixed-b juging a-tire pump to'bubble air'through:the'

tank or an electric mixer was uaed when power waa available. Ihe"”

:__pump is’ attached to n;valve stem on t0p of the tank." Air is pumped

! /

-gently into the tank to rise and eacape through the funnel Vigoroua




: dperation of the pump causes air and water to erupt through thel'
:]-funnel and can result in loss of water and tracer from the tank

‘A loss of tracer results in inaccurate‘calibration and rn contsmina-
‘tiom of_the_outer tank_surface and the surrounding area with

_radioactivity.

: Tests.haye-shown that the tracer is rapidly dispersed byﬂthe bub-,
:bling air or. by stirring with the mixer. The,results of recording

'the counting rate during mixing show that the greatest dispersion

“occurs.in the-first-minute of mixing and-that nothing can be gained '

by mixing for more than 5 minutes. Once the count rate in the tank

s stabilized it can be assumed that’ the tracer is well dispersed.

. n 3
L . - : by . : B
o g : . . ; . -

i g - o -

‘To- obtsin thelfinal counting yield of the system after.the trace
__'is thoroughly mixed the funnel is removed and the cap is replaced
on the tank. o 'Since ‘the entire 7-ray spectrum is to be counted
3Jicare must‘be exercised to place the counting system at the locstion
“"2;of the actual flow measurement.. Any . change in the location Qfﬁ“. |

position of the system may. change the ‘extent of 7hray scatter and

..thus- change the cOunting yie d. The locat1on of the counting system

g

- should slso be the same when measuring the background iate.,;

-“The exsct time of the final counting yield must be noted in order

h~to correct ‘the added activity for decay losses. In using materials




with a shortxhalfflife, this is verj imoortant. With Bromine-82
~as-theftracer,.the'activit}.ia‘reduced about 1.9'percent per hour,
.'Hhen'calibrating'the.ayatEm to within an'accuracy'of 1 percent; small

Ia)

iaaccuraciea in.data collection cannot be tolerated.

?Pollowing;theTabove prbcedurea.the neceaaari data are obtained to

UcompuLePa calibratinn factor for the system. The net count rate of.
t‘ the detector -and ‘the concentration of radioactivity in the tank are
Baowjkqgwn,.-For_the‘total count method of discharge meaaurement, the
calibration factor, T , is the ratio of the net count rate to the o

concehtrationﬁ(F = R/C) ' (count x cﬁhic“feet/micrOcuries'x second). .

_ Reaults._- Calibration procedurea developed Ain the laboratory were
duolicated at the field aite. Theareaults of a-series cf- aix field
h'calibrations made during a 3-day teat period are given in Table B.

:{.:The valuea obtained for the "F" factora are within the expected
:hrange of accuracy This series of meaaurementa was made on a f’
counting ayatem located ‘ingide the Flatiron Powerplant where con-

.ﬁditiona were good, -The radioactivity.waa-tranaferred to the |

.tcaiibratioﬁ:tank_oaingaa:conataat_delivery pipet;

oo

o




Table B
SAHPLE TARK GALIBRATION FACTORS

' I s Difference from
Date - MFY" factor ' mean percent
. 12=6=68 379.172 ) o -~ =0.005
112+6-68 381.170 ; +0,52
"12-7-68 380.134 : _ . 40,25
' 12-7-68 . -379.403 -0, _ +0.06
12-8-68 377.%11° - -0.34
12-8-68  377.368 1. - =045

‘Average = 379.191

In. another ‘series of calibrations the sample tank was located _‘
outside and the resulta showed more scatter. It is believed that”
_part of the scatter was caused by the uge of the constant delivery

J_pipet when weather conditions made it very difficult to obtain. good

.\

.;reau ts In subsequent atudies, a: gravimetric meaaurement of the
f'?--:-calibration samples was shown to be auperior ‘to the: volumetric
fmeaeurement,._The calibration“aamples-were weighed_on an analyticel
halance:injthe.lahoratory'and transferred to the £161d-site in small
: : . i

- _Error Analzsis of Radioisotoggfrrocedures - B oL

‘-?In evaluating the total error iuvolved in making flow meaaurementa‘
.ifwith radioiaotopes, the error of each operation or: function was
;fconaidered In order to make the meaeurement of: flow rate with
':Lradioisotopea as’ useful -as’. possible,_the error ‘of each operation is

V;reduced to a minimum.:'




'_f——‘\

- The assessment of accuraey of the radioisotope flov measurement must
consider all Operations involved in conducting the measurement and |

~their -asgociated errors. In using the total count’ method of flow

ﬂmeaaurement ‘the follouing ‘operations can contribute to: the total

: error' (l) volume measurement errors (5 total), (2) trming errors,

(3) oounting error during system calibration, and (&) counting error

”during the discharge measurement.

.The accuracy of the five volume measurements are the moat difficult
to control. The volume of ‘the sample ‘tank was determined gravi-
: :metrically"in-the laboratory using a platform scale. The accuracy

" of the scale=uashehecked using”standard weights. The tank empty

and- filled with water was weighed several times.,*The average net

‘.ueight and uater temperature were used to- compute ‘the - tank volume.

-A seoond volume measurement involves the use of a l-liter volumet-

Lt

ric flask. This flask was uged for preparation of a. standard solu-

'tion for the oounting sysrem calibrations. The dilution and - prepar-

E ation of the aolution can be very accurately done under laboratory

'xTwo transfera of radiosctive material were initially made with
*?pipets.- One involves the transfer of a small known quantity of

f_solution ErOm the stoek solution (Ci) to make the standard solution C .._f'

\‘
o R
.:;




A

_The other involves the transfer of material from the standard solu-

ie g

“tion to the sample“tank during_the calibration._ Theppipet glass-
- must be kept~very clean and_special-care must be taken to insure’

?;repeatability ofjthe;volume transéere

_ The fifth volume measurement involves the determination of -the quan-
: " . ; - Dy \r: .

' tity of"activity to be injected for each flowkgéasurement. This

_.quantity 0&1, Ag, *°° 'An}luas measured'uaing an automatickburet,

t./z

Figure 17. Repeated measurements have been made using the apparatus

t;__and technique and an accuracy of + 0.05 percent has been assigned.

'Again, ‘the’ buret glass must be kept extremely clean to assure the .

delivery of,constant uolumes. : . ' ;.' - : | o

.An accurate stopwatch and a long counting interval (+ 1 000 seconds) ’

= s

was used” for timing the measurement of the average count rate during
L

calibration of the counting systems. The stopwatch time is used

._é’ .

'¥_;because the variation of the: 60—hz line frequency from mobile power

_supplieascan-cause-significant:timing.errors.

et

‘;Statistical accuracy of the counting must be considered 4in both

:hasystem calibration and in. measurement counting, the more counts_

S T

‘.g“g qiu accumulated the greater the accuracy, (% Error # 100/4%)




'Evaluation of.the accuracy of the Total Count method is discussed

in more detail in Appendix 3 of this report ‘When all operations
in the technique are carried out to the degree of accuracy expected
from laboratory measurements, the maximum probable error ahould

+ 0,50 percent and the maximum possible error * 0.99 percent. "This -
accuracy,.honever, geldom occnrs;because control of field conditions

cannot be maintained that“well Burean experiments show the accu-

'zracy of field measurements, based on :actual obaervationa, to be in

| the order of * 0 .97 percent for the mathmm'nrobable error and

+1.73 percent for maximum possible_error.

rThe abdve'accnraciea consider onl§ the-radioiaotopevand handling‘f}

proceduree and assume mixing of the tracer uith water to be complete

and the aampling rate to be constant.

L

Tracer Injection 5
The radioactive BR—82 needed for a day a measurerenta was. pipetted
into polyethylene bottlea in the Denwer laboratory. The bottles

were taken in F shielded compartment by automobile to the injection

' N}Htion at the penstOck of Flatiron Powerplant. The pump or pulse

injection ayatem and nitrogen gaa bottle were placed near the

.jmanway aelectedfor theueasurement aeries. The syetem-was connected

" to- the injection tube andLat least one cylipder of water uas 1njected o

']intc the penstock assure prOper functioning of: the injection -
. ‘ L : \. :

eyetem.




' The purge. cylinder was filled with water to be used to flush the '
injection cylinder. after completion of the . injection, Pigures 9B
and 18A. A bottle of tracer was then taken from the automobile

| compartment and poured into ‘the injection cylinder, igure lBB.
The ‘bottle wns rinsed and the rinsing was poured into the cylinder

followed by additional water to nearly £111 the 1l-liter cylinder.

The added dilution reduced the pOssibility of retention of the ‘tracer ;~s

in the injection.cylinder.

After the-purge -and injection cylinders were charged the ‘vent and

filling valves were . closed snd the regulated pressure from the

nitrogen ‘bottle was applied to the system The valve controlling

the outflow from the injection cylinder was operated remotely,

Figuro 19A. Personnel at each sampling station were signalled by

radio to standby immediately before the injection and were then
given a 10-second count before the injection time.

. _ . _ fb

The emptying of the injection cylinder was noted from the noise made

by the gse‘ lowing into the penstock through the injection tube, .ﬁlb'

%?:x

¢system;to-thekpenstock. #

[ . E .
\l-‘ - B \\ . Ao i

Repeated monitoring of the system after the injections showed no_:_"'

apprecisble retention of activity The combined dilution in theLF




Figure 18

Filling purge cylinder before

radioisotope is poured into
injection cylinder.
Photo P245-D-60423NA

s U -

Pouring radiotracer into injection cylinder, water
is added to cylinder to minimize tracer retention.
Fhoto P245-D-60422

RADIOISOTOPE INJECTION PREPARATIONS

RADIOISOTOPE DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND FUMES




Figure 19

Pulge system prepared for radioisotope
injection into penstock, radio communications
were used between injection, sampling, and
powerplant stations. Photo P245-D-60426

B. System being monitored after tracer injection.
Photo P245-D-60427NA

RADIOISOTOPE INJECTION

RADIOISOTOPE DISCHARGE MEASUREMENTS
HIGH~-HEAD TURBINES AND PUMPS




injection cyliader and the flushing from the purge cylinder satis-

factorily cleaned the system.

All of the-valves.used for.diacharging-warer or tracer from the
injection system to the penstock were of the "ball" type. These
'gelves prdvided aﬁ unobstructed flow passage when fully opeped to

o prerenr rerention of radiotracer. Ali the tubing, pipe, and cylin-
-ders in conraer withjliquid and tracer were made of stainless steel
and apperently did not becoﬁe coated or retain.tracer on the gurface

or in the fittings joining the parts.

On one occasion a minor difficuity was eucountered in system opera-
tion. The.normal procedure of ogeretion was to reduce the pressure
on the-injeerion system to atmospheric after the purge cylinder was
emptyr This was not done after ome injection. By having the pen-

i ‘r

stock pressure nearly balanced by the gas pressure the check valve,

Sl
‘\_—L_.,__‘ ‘—-

“Figare BB uaed to prevent: return flow from rhe penstock could not
operate properly. Inapection of the system for the next ihjecrion
. showed the injecrion cylinder to be neariy fuil bf'weter. This
'water,overa.period of about 2 houra, had been pumped gradually
into the injection cylinder through the check valve by pressure :

fluctuations in the penatock flow.

.Because of the small .size of the holes in rips of the injection

hﬁprobes (1/64 inch) precautions were continually taken to- exclude'

=




' foreign particles from the water used for tracer dilution and for
fluahing. -An injection tube was plugged cnce during the measurements-
on the pump-turbine ‘but the stoppage. occurred after the tracer had

entered the3pipef' The plug was found to be a particle of rust that

‘came from the pipinghused'to obtain water for the tracer dilution.

“fTracer ‘Sampling
The tracer-penstock water was sampled for counting by the "sample -

tank" technique, Figures 15A and 16B.

Each counting system produced data for computing the discharge by
the Total Count method. ﬂhen samples of the flow were required for
a measurement by the “integrated gample" or 'Hilution" method, 2

;part of the semple flow was withdrawn at the entrance to the tank,

'-fFigure 163. " The partial flows were collected in plastic containers

P
e

,placed sway from the ssmple tanks,- Figure 15A. 1))

Rubber hoses were connected between the tanks and the pressure
.'reducers ‘on the two sampling tubes inserted in the penstock._ The
‘sample tanks were filled with water from the penstock the c0unter '
' was placed in the tsnk and ‘a background ‘was counted for the tank
-hin the location ‘to-be used for the discharge measurement. One : of

';j;the calibration fractions was added and mixed in ‘the water of the

th ’




tank. The mixtore was counted to provide an inplace calibration of
the tank and surroundings. The tanks were located away from the
penstock and other radiation sources to prevent an inaccurate count

'and calibration of the tank.

Aftertccmpletion of the calibration the discharge through the .gample
- tank was tegolated'to the deagired flow of 20 to 25 gpm, and a back-
‘ground count vas meaaured be fore the arrival of the tnacer-in the
penstock £low. Counting of the tracer aample flowing through the

" tank was continued until a background level was again obtained.

The counting equipment'uas then prepared for the next injection.

- The count data were recorded on printed,tape and on magnetic tape

in the mobile laboratory as the sample passed through the tank,

J"L

FigufeslﬁB and 164, This method provided information for on-site -

,.z\

computation of the discharge and for additional analysis in the

Denver foice.,

The samples collected in the separate containers were transfenred
to. the calibrated sample tank for use in the "integrated sample"

'l
and 'Hilution" methods of measurement. The count obtained from the

N i
‘samplea was recordedHin the mobile laboratory for later analysis.

Theage : additional aamplea were collected only for the measurements

' fmade on the first day of the\test series. Handling and counting




of the tracer;mixtsre for the three methods, total count, integrated
‘sgmﬁié, and;dilutioh,_consumed more_time than planned in the'test
lfseries. -Therefere, testing of'each method was programed.for'later
‘series ef measurementss“ The  simultaneous use df'the'three methods
apseared'fessibie shen time wae available for counting the samhle
necessary for each method The relative accuracy of each method
could ‘algo be determined by the use of the single 1nject1on needed

for the dilution method.

Saﬁpling of.the‘flow.in the powerplant was done by the sample tank
procedsre; Either a s;ﬁped'fiow Or pressure flsw-from the'penstock
was usged to obtain tnu\sample, Figure 12. A portable scaler and
timer were 1nsta11ed above the sample tank on the powerplant operat-
ing floor, ?igure 160. Both portable and powerplant communications

systems were used for radio contact with the 1njection station. _

The;"total count" method was used for computing . the discharge from
the sample at‘the'poﬁerplaat;_-Thererwas ne automatic recording
ufeature:on;the-eouating systeﬁ and the count was recorded manually

i ‘_.rawith:'respect-td'-_t{me, Fig:ure'.lﬁc.

Results of Dis charge Heasurements - Turbine

'7Pitometer

3f-fVelocities in the cross section of . the pipe were. measured on two

:diameters-909-apart. These diameters had been accurately measured

before the start of the tests.




*--n,

Diameter in feet

AC 6.958  Vert. 17.013

BD  6.978 Horiz. .6.966

Velocity traverses along
‘AC and BD

fLooking downst:eam
.Each of the'diamete;s,'AC'and-BD, wee assigued,ll*ﬁoints-at.which'
.lvelocities HEre'measured-for computing-the;diacharge. Points of
‘measurement were computed for 0.052, 0 161, 0.292, 0. 452 0. 682
and 1. 00 of ‘the pipe radlus The centerline velocity thus was a

‘ecommnn point for each of the four radii.

.The_floﬁ velocity (V), at the traverse point was computed Erom-the
-;differential head, (H), measurement read from the U-tube water

.manometer in the equation

. - the pitometer velocity coefficient established
from a towing tank . rating
.velocity, feet.per.secand
eeéeleret10h7bf'gravity, feet pet'éecond
difference 1n presaure head -from- pitometer,

feet of flowing water




;An integration method was used to compute the discharge from the -
¥ . ‘!t :
_f'measured velocities. For a cylindrical pipe, there are two con-
‘venient ways of . performing the. integration and they both are based

on: the equation

.
Q =.;/\ vdA

o o - . o 2 :
. The incremental area of a pipe iz dA = 2 rdr = nd(r) . The equation

‘becomes . . ﬁe'.i

' *'Q;#Qﬁ k/ﬁ ,'vd(_r)2 or 2 n‘jp.(vr)dr

‘o
"fnhere: r 18 the radial distance to the point of- velocity measureaE
ment ‘v ‘is the Velocity, and R is the radius of the pipe. The
_integrals msy ‘be . evaluated graphically from a plot of v versus r?,
ior ¥r versus T “The area under the curve is then measured and
.the result is multiplied by n or Zn
' i‘Thegpeoond}method ofiintegration.&as;ohosen'for computing:theadis- ”
tcharge in this study. A computer program wasg written to perform o
7_fthe integration._ For each successive pair of values of VT and r
{?from the test data, points on - a segment of a. third degree polynomial
7;¢were calculated using NEwton 8 interpolation formula with central
:;divided difference.:. A Hewton-Cotes integration formula using five :
H7:{ﬂsuccessive points on the polynomial was incrementally applied to -
k;;numerically integrate the area under the curve.: The result is the f:

R

ih%valoe:of;thetintegral,




.The diecharge Q _ie then obtained by multiplying the integral by

2%, 'I.'he computer program mtegratea tbe velocity traverse and -com= '

-putes_ a gross .diacharge '(Qg) for the ,pipe.

' A're'd'uction in the grces discﬁar'ge was ﬁade for. Itl.-ne _preseuce of the .'
1'_ 'pitcmeter rod in: the cross section of the flow.- 'rhe‘-'{reduction:;was _
_K baaed on . the projected area. of the rod iu the direction of flow. when'
o ‘the_-orifices-'-ve_re.at ‘the : cente_r of .the p:l.pe. For the cylindrical :
' rod of the pitometer , :_1;.'«'. area affecting the -flou_v v_nag_.-.t_akenz__{;_g_sr
"..;.1.-2'5_'-timee the -‘.projected ‘area of the rod e#tendéd to tﬁe-pi{:e cen-
' f_ter. _ 'rhe &-foot rod could not be extended to the center and’ the
",correction was made for t.he measured projected 1ength. A diacharge L
| reduction q was compnted from the product of effective ‘area (a)
'.3'_;and the average velocity v Ao the pipe. -The net . discharge ~is
g .:Q --Q - aV. 'Ihe value of aV was about 0 28 cfs (cub:l.c feet per

aecond) for the &-foot and . abaut 0 48 cfs for\ the 7~ foot pitometer.

'ic argeu meaeured by the pitemeter method are shown :I.n Table 1.
',*-For the & days on which discharges were measured the flows ranged
,_,';from a low of 128 9 cfe to a high -i135 7 cfa. : On t‘he days. of radio- |

--_.'.ieoto;:e discharge measurement of t‘he flows ranged from a low of

: .A?
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. Flatiron Turbine Penstock .
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Fitcmeter Discharge Measurements -
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129, 1 cfs to a high of 135 7 cfs. Discharges computed from the
&-foot pitometer in quadrant D averaged higher than for the 7= foot
g ~pltometer used in therother three quadrants (4-foot, 133.4 cfs and
7- fooL,7130 3 cfa) ﬁeceuae of ‘the ehort diatance'between the ground
and\the penatock the ﬁ-foot piezometer was used primarily at quad-
rant -.D. The discharge measured by the h-foot-pitometer-at the C

quadrant on October 27 resulted in a. cl ghtly less discharge,

130 1. cfs, than that (130 6 cfa) from the 7 foot in the B qu.edrant.

There was no definite confirma on but the pipe quadrant containing

the D radius may have had velocities alightly higher than thoae in

the remaining three quadrante. ; oth pitometers had been rated to

R

the .same standard .and the discharge ‘comparicon (130 1 to’ 130 6 cfa)

indicated the ratings had not»changed.

§piral Caae Flowmeter -

The mercury manometer connected to-the’ apiral case flowmeter was |

read at 1/2-hour intervals., The differential waa read from a, scale‘

A
'\.:»’ g

' marked in incrementa of inchee and frac-iona equal to 2/100

=

Each 1/100 ineh of the mercury differential equalled about 1 5 cfe f

(1 2 percent) in” he 125-cfa range “of the turbin_ oPeration. A c0n- ‘-mm.

tinuoua grap iof 1 e?differential waa attempted by the preasure '




becnuse of e1ectrica1 drift problems encountered in the system

Good agreement betwean the manometer and Tecorder system was obtained
. in general but there were irregularities caused by high—pressure
'.deformation of the transducer compcnents resulting in a zero drift and

calihration shift in the system. Because the manometer wag the instru-

" . ment origina]ly used in the . pump rating, the . discharges indicated by

the mercury differentials were ‘used for comparison to the radioisotope |

Bl

-discharge measurements,c

These flowmeter discharges ranged from about 2 to 6 percent 1ess than
:the discharges measured by the pitometer. No corrections were made for

'the difference because the studies were . performed to show the consis-

‘tency of'radioisotOpe measurement for se1ected mixing 1engths. Repeat-

-x._» S,
———

. ability of the Tow -"rements was of first concern re1ative to the mix-
',ing of the radiotracer and pipe flow. The spira1 case flowmeter and
' mercury U-tube manometer were read continually and were used to give

”.an independenf measure of dischsrge and to indicate the steadiness of

“Flow inmthe_system.

';Radioisotope Discharge Measurements

”The results of - the measurements by the flowmeter ‘and radioisotope ‘;

?metheds show much variation within the method and between methods, :

oy

;Table 2 and Figure 20. Studies of the repeatability of the measurements

1"meere made using a: pipe 1ength of 311 diameters (Dctober 25 to December 1)"3:77'”

'fInvestigstions by the Bu:eau and by others had indicated that lengths

:;*of 100 to 200 diameters,would be sufficient for satisfactory mixing.--'
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Therefore, the repeatability of the method was studied for a mixing
length that-wesfconsidered to be about three times the required

mininum.

Discharges indicated by the turbine flowmeter ranged from a low of

‘122 cfs to a high of 136 cfe during the 6'daye of experiments,f
October 28 to December 1. The radioisotope method indicated flows
ranging from 127 to nearly 135 cfs. The maximum and minimm values
for each of the methodsldid not occur at-the‘same timer In particular
on Octoher_Zd, 27, and November.29, lowhdischargﬁs were indicated by.

the‘flow.meter'while high discharges were.indicated by the radiociso-

-tope method. The unsteadiness of-flow;in the turbine system and the .

variation in discharge indication between the center and side samples

'i(0.04'radius from the wall) are shown on Figure 21,

"i‘-For:Mcasurements 1, 2; and'3, October 25, a centerline injection was
ﬁ-m;de-through,a'l!32»inch'hole in the tip of‘the injection tube,

v

Figure 7 (Deteil 6A). The diaphragm pump was used to force the iso-

:-tope into the pipe at a constant rate of . injection. ‘Samples of the

flow were collected to permit a computation of discharge by the
total count dilution, and integrated sample methods. Discharges

computed by the . integrated sample ond dilution methods were - unsatis-__

/-r

*-factory. The unsatisfactory results were/réused by not allowing

74

"‘sufficient time during the measurements for proper counting and '

ff




Figure 21
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handling the samples for each method. A complete investigction of
:the_incegrated sample and dilution techniques was planned for the

pext phase of the program.

The "total count' measurements were computed from the sample withdrawn
through the previously described gample tank. The-results (Dctober 25)

for Measurements 1 and 2 deviated from the flowmeter by 3 to nearly

8 percent (percent deviation = Radioisotope Pischarge-Flowmeter Discharge
_ . : Flowmeter Discharge

x 100). Both of these measurements occurred during an indicated
 fluctuation in the penstock discharge. Contrary to these variations,
Meagsurement 3 differed by less than 1 percent from the flowmeter for
both side and center samples during a substantial fluctuation in the

' - 0 ' ' .

penstock flow. No cause, other than possibly incomplete mixing, could
cbe found for the deviations in the first two measurements and the close

agreement in the third for what appeared to be similar conditioms of

flow in the penstock.

On October 26, discharges were computed'by the total count method

from samples through the tank. Injections for the four measurements
: ‘were made:at the penstock centerline;by.gas pressure through an

.jinjection tip containing 4-lll6-inch-diemeter holes, Figure 7

S (Detail GB) The volume of tracer solution Br-82 ‘and water, and

'_the injection pressure were controlled to provide an injection time

f}‘of epproximately:l-minutef This injection cime produced a councing




o ratE within the range of the counting system. The differences between
.. the discharges computed from . the side and center samples were reduced’
- on three of the four measurements, Figure 21, ‘but differed by 2 to
'8 percent from the 'flowmeter indicated discharge. No major changes

.of discharge were indicated by the flowmeter during the measurements.

.dn-dctober 27 injections of radioisotope were made by gas pressure |

' through ‘a . tip containing a l!32 inch hole, one from the penstock

:centerline, two from a point at 0.6 of the radius from the wall, and
' ome from a. 08 radius. Of the four measurements, two were made during :
indicatedfluctustionsof penstock flow-and two when the flow was
_Vapparently .steady. Three of the measurementsshowedabout 2 percent _
_variation between the side and center ssmple and one showed a devia-
'"tion of” less than 1 percent. All four of the measurements (eight

»computed discharges) were higher than the flowme ter by 4 to 8 percent,

'-:Figure 2l

Analysis of the data for the measurement series, October 25 to 27,
.did not show whether procedures or inadequate mixing caused lack of '
,agreement between methods of discharge measurement and- within the
';radioisotope method.‘ A second series 'was : therefore planned in ‘
'f:nwhich procedures for injection, ssmpling, and counting of the tracer~

f;water mixture would be brought to the best capability of the gampling

7dg;and injection equipment.s.'

P




‘The aecond series of. meaaurements wae performed on November 29 and
30 and December 1, 1967, Figures 20 and 21 and Table 2. A length
of 311 diameters was used for mixing the tracer into the pipe flow.
_Injections of the tracer were made at the centerline of the pipe

: .throughrthe:IIBZ-inch'tip uging gas pressure.

Diffevences in:the discharges cdmputed from the radioactivity mea-~

sureﬁentS'of_the center'andrside saﬁples ranged from about O to
ﬁlpercent. Differencesﬁbetween the radioisotope and‘flowneter dis-

"’ charges ranged from about <4.3 to 10 percent in the. 12 sets of radio- |
-isotope discharge neasnrements; 5 sets of the center.and.side
_hagreed‘within iees.than'l percent. Three-of'theﬁfive sets of readings

were within about 1 percent of the flowmeter indicated discharges,
'Figure 21. The remaining seven sets differed widely from the desired

‘F#.Ois'pereent.

. The ?6Fai radioaetivity'm?asurenent_precision for the Nbvember.29.'
::htd Decenher i-measurements.ﬁas estimated to be within + 1.5 to
'2 percent. The additional errors in the measurements could be"
caused " by inadequate mixing, inadequate sampling, and/or 1mproner
hcomparieon with’ the flowmeter discharge Five of the measurement
.geets showed good agreement indicating that a satiSfactory tracer-

i water.mixture.was obtained..:Inadequate-mixing;was indicated by .




the unequal -discharges ‘computed for the ccnter_ and side samples
*from5seven ofithe-meaeurement-sets. ‘Of these seven, four sets
-.agreed ‘to" within abOut 1 percent, a 1arger amnunt ‘than deairable. :

Additional eampling points in: the CTOBS eection could have produced

:dgta.to ailow'a better definition of the degree of mixing. The
| 'ccnetrnction'of‘thg:penstock did not permit the economical instal-

' "lnticn*oftmnre!points.

' To'help evaluate the transverse distributicnfof'the-radioisctOpe,-a

_percent,mixing”wne-computed'frcm'the relationship

.%. mixing = 1- (l qum'" x 100.;

-“‘uhere Qc nnd Qs are. diacharges measured at the center and side of the

_ .penetock ‘and- Qm ia the . mean diScharge.

g,

._'ffhese;ccmputed'percenteges:appear in the 1ast-cc1umn c£ Table-2..

5_‘The percent mixing equation was' uaed because of the limited number
‘of points in the penstock cross. section available for simultaneous.
sampling. .A better method of evaluating the mixing would be to ule

f‘n::the coefficient of variance of a number of sampling points 1!3! A :

'Zip.coefficient of variance equal to zero correaponding to a atraight

'-;uline concentration profile would indicate 100 percent or cOmplete

- ..-.::_mixing' ) S




‘The sample tanks sh0uld not have caused a radioisotope counting

jerror because the flow-through time was rapid less than 1 minute,

':Q‘for a: change of. 16 gallons., The‘tanks were placed about 50-feet

bd:from the penatock to prevent a direct count of rsdiation from the
'}tracer-water;mixture.in the penstock. A distance of about 50 feet
'separated the sample tanks.

“A measurement of the penstock pressure by a sensitive transducer

_ indicated the flow pressure to be : steady in the sampling tube. No-
instantaneous neasure was . made of the flow through the hose and

NS

aample tank but\Fhe penstock pressure measurements indicated a steady
'flow. Damping of small flow surges that may have occurred between
the penstock and ‘the sample tank exit was considered adequate for

" the’ expected tracer-water mixture in the penstock.' A moderate

'adegree of additional mixing no doubt occurred in the connecting

"-hose and in the tank._ 'l‘hus, the differences in discharge computed

,frOm the - center ‘and’ side sample may have been caused by an inadequate‘r_,

'tracer—water mixture in the penstock in the 311—diameter length. :

' ‘iComparison of discharge as indicated by the isotope with the turbine

";Llflowmeter measurement was: difficult because of umsteady flow in the -

.gpenstock.; Approximately 2 000 feet of pipe separated the sampling

: @:“point and the flowmeter at the turbine.T To. establish the flowmeter

wldiacharge to’ be used for comparison two considerations were made"




1) the peak arrival time of the ‘tracer at the sampling tank and
(2) the pressure wave travel time between the aample point and flow-"
r'ncter. The celerr*y of :the pressure wave in the measurement section
was about 2 600 feet psr second and near the powerplant about 3 700

:feet per second. Thus, less than 1. second was required for a pres-

gure’ wave to travel between ‘the sample tube and the turbine.

s

"(The flow time between the penstock and sample ‘tank counter was com-.

ﬁ
Eputed to’ be about 3 5 geconds and 5 to 7 minutes for,the tracer to

_,flow past the - sample tube entrance. ‘The flow time between the pen-
< 'r
:stock and tank of 3.5 seconds was considered to be nearly instanta-

rneOus with: respect to the passage time of the tracer. Thus, the
J.

flowmeter discharge was selected from the curve to“correspond with

L the 5= to 7-minute period of the tracer passing ths sampling tube,

‘Figure 21

Om November 29,30 and December 1 an attempt was made to better
define the . flowmeter discharge. The mercury manometer was<read at

-;4-minute intervals on the 29th and 15-minute intervals o less on

'tthe 30th- and December lst.‘ Ihese readings gaverbetter definition

‘.”-to the discharge but also showedfluctuations asg. high as 8. cfs.

' 7§RffAs shown on. Figure 21 for Hovember 301s1967 four" of the measure—'“

"jfmants madb &hat day occurred during an indicated change in the pen-“i' -
' “ﬁstock flow.lgap::,,f,

e




EA'correlation-was sought betueenw%he time of injection aud ‘the
fluctuations in penstock discharge aince there were indr-dtions that

1 ‘x

the injections preceded flow rhenges.~ The injection of the tracer_
snd sdmissiou of small amounts of nitroaeu gas at pressures higher
‘“thar; the penstock pressure caused pressure waves. "'he quantities o
of tracer and gas were small and were not expected to have a meas-"
ursble effect on the flow.ﬂ Inspecuion of tPe data, Figure 21 shous |
that 15 of the 23 m.easurements med "tween. October 25 and Decembﬂr 1,

1967 occurred during periods of anjindicated changﬂ in the flow EE:?_

the penstock Houever, there was no evidence that the injected gas:

‘caused the flou change. In addition, the recorder chart from the
megawatt meter for the totalxtime of the measurements showed a s eady

output for the blockedlload on the_ lant,

draft tube, Eiguree 5, 123 and 120 were expected to be the mcst
' ~reliab1e.' A mixing length-of about 645 diameters~of'pipe,was.avai1¥

able betueen the injection and sempling points.- A slight degree of

mixing was also expected to occur as the tracer-ueter mixture flowedr X

'._through;the turbine. It was thus unexpected uhen ‘the discharges cal-
y_,r- "\%\\

“_, culated from the draft tube samples uere about 23 percent higher than

those measured from penstock ssmples, Table 3

LS - U
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-A diiution of thebtrecered uater was‘found to be the cauge of the

lerger'discharge values..'At the.diecharge.uned for these measure-

" ments (about 130 cfs), water. from the afterbay waa drawn iato the

draft tube past the intake to the zample tank, Figure 123 A diluted

tracer-water mixture was  then eampledr-u\‘ esult in a high ‘computed

| discharge. This recirculation was di;cIOeed by adding a fluorescent

dye to ‘the’ wnter at. the draft tube exitg A fluorometer attached to

the sampie pipe.registered the presence of dye in less than 1 minute-.j.
7 .

‘after injection.- The sampling point in the draft tube was abandoned

and relocated et the inlet to the turbine, Figure 12A.

A ‘third eeries of discharge measuremento was sterted;on December 6.
1967. The measurementa were mnde to determine the effect on. mixing

- of changing the injection pres:ure ‘and the hole configuration An

the injection tube._ A mixing 1ength of 46 5 diemeters was choaen
between the injection and aampling points.“ Improvements in the fﬁl
mixing could be more readily distinguished in the shorter pipe length

if better mixing occurred for some combinations of: pressure and tip

configurarions than for others.

Injections of tracer. were - mnde at the penstock centerline and both
the preaaure and configurations of the tip of ‘the. sampling tube uere..
i varied on the three test days. Samples of the tracered flow uere
obtained at. the penstock center and at a point 0. O& of the pipe radius

from the wall. '




';HeasuEEmentsfontDecember 6 and 7 ;ere one series of measurements.

A tip for the inJection tube cnntsined four l/64-inch holes drilled j
‘to- pruvide a spreading effect of the injected tracer Figure 7
(Detail 60) - The : tip was pointed upstream to increase the inters
ference of the jets snd “the penstnck flow. Pressures of 735, 535
465, 365 .265, 185 snd 70 psi above the 215-psi penstock pressure

-Here used in the get. of'seven meaSurements.

.Dischsrge values computed for the center sample differed frsm Elow=
meter indicstions by abOut -6 percent toa +9 5 percent, Figure 20
'.snd Table 4. The vsriations between flowmeter and radioisotope

; me thods wexe irregular, being as close ss 2 percent for three

o measurements. These vsriations ‘were interpreted to reflect 1nsde—;

..fquete mixing in the short 1ength bétween injection and sample.

o

T

) :Dischsrge values computed for the . side sample differed from the

“.Eflowmeter by a minimum of —20 percent to a maximum of -30 percent.

Qf”Thus even poorer mixing was indicated st the p01nt of ssmpling near -

.1the wall.‘: q-;. T s

: A study of. the dsts for the seven dischsrges computed for the center

: iﬂsamples showed the 1nJection pressure ‘did not significsntly effect

*xthe mixing.n The highest pressure of 735 psi produced the highest

7'¢;pereentage of mixing, 92 percent._ The remsinder of the messurements

'._.Q'Iindicsted mixing percentages rangins from 86 to 31 Pefcent° The

PR
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" 'size of the four jets of tracer sppesred to‘be,too'smsli to produce
-a substantisi effect on the penstock flow for a mixing?length of

46,5 diameters.

_An additionsl five measurements .to study mixing: were.msde on
-znecembsr 8. A fan-shaped array of five, 1/64-inch holes on the tip
“;perimeter were used to inject the tracer at right angles to the pen-
‘stock £low, Figure 7 (Detail D). Pressures of ‘685, 610, 475, 350,

and 175 psi were used for the inJections.

=Discharge'§a1ues computed from the center sample rsnged from a

+2 percentftO‘a +10 percent, compared to the flowmeter. The.side

";ssmple varied from a =14 percent to a- -28 percent Figure 20 snd

”1Tab1e 4. The center ssmple showed increased differences to sbout
10 percent through Measurement 34 Heasuremeut 35 at the lowest

H-_injection-pressure of | 175<psi decreased‘to a 3-percent difference.

E Samples from the side of the penstock deviated negstively with

1decreased pressure with the best mixing of 92 percent indicated for
"lthe highest pressure of- 685 pei,. Measurement 31. Study of . the dsts _

'”.Lfor these five measurEments using the fsn-shsped srray of holes for

' Tf _finjection did not show a definite effect on - the mixing.

'T3ﬂThe discharges computed from both the injection probe tips showed

',gthe highest percentage of mixing for the highest pressure The




i
.-’l !

A

B '?percent-mdxing decreased as the pressure was_decreased.: A poasible

_caueeufor tnis relationship would be the presence of the injection
‘tube ‘in the cross section. For higher injection.preesures the traeer
. may be forced out from the.tip into the pipe flaw. For low injection
ﬂpressureg}tne tracer qay'hanerflowed:into the turbulent wake on the -
downstream eide of the tube'hetueen the center and side of tne pen-
stock. The higher concentration in the.wake oi'the-tube.ﬁay change
the injection from a point to a ncnuniform line gource, The asgymetrical
endxhigher cqncentration flowing downstream to a-sampler'ln the.same.
“cr0331sectional.positicn'as the injector could produce the indicated
low discharges in Table 4 for the side sampler end near average dis~
charges for the center sempler. Nonuniform distriﬁutions caused by
lnjectiqn.tubes‘have_been_noted 1n'prep10us stﬁdies;lJQI‘ Iracer pre-

mixed ﬁith larger velumes of water and injected under high pressure

into.thejpenetock'could probably produce better mixing in shorter

{penstock lengthsgﬁf

Included in the December 6 to 8 measurement serleeewere sanples of S
treceren water taken from the plezometerﬁmanifoldrat the turbine _ ._': 'i "
“1nlet Figure lZA. ‘A mixing length of 645 diameters of pipe was
'available between the injection and sampling points. The results of
'cthese measu:ements computed by the total ‘count method were in better
'”;agreement wlt;.the spiral case flowmeter, Table 5 and Figures 20 and

<

'21w Four of the 12 measurements between December 6 and December 8

were ‘within tl percent of the flowmeter 1nd1cated dischargew ;Fqurf

'pwere within +2 percent twc within 3 percent and two within

e.{ﬁ;percent.
o 86




Table 5

Flatimn ‘Iurbi.ne Radi.oisotOpe and Spi.tal Case
. Flowmeter Discharge Heaaurements
(Hixing length 645 di.ametera)

| 1-'=Sp1?51 "caae'-- R Radioiaotope 5 ' Deviationa
flowm_eﬂ SRS (tu'l.‘b:lne inlet) i

':i?;:ég :;?i?ff"5




' Measurements from the floumeter-indicated a'relatively.ateady flow
through the turbine. : As previouely described, the floumeter dif-
:ferential could ‘be read to about ‘1/100 inch of warcury or "to about
1.5 cfs (1. 2 percent of indicated flow). An analysis of the mercury
'differential readinga.were made subsequent to-this measurement series.

'IThe manometer differential was read at lb aecond intervals to accumu-
late 66 to 77 samples for each. of 9. discharge meaaurementa. For this
'p0pulation, the standard deviation was 0.036 inch of mercury for an
average differential of 2 62 inchee. An individual reading would _
be accurate to il/lOO inch of mercury about 24 percent of the time,
$2/100 inch about 43 percent, +3/100 about 57 percent, and +4/100
about 70 percent of the time Thua, the discharge could be expected
to be within +l 2 percent, 2.4 percent 3.6 percent and 14 8 percent

- of the calibrated flow 24 percent 43 percent 57 percent and
'1 70 percent of the time, respectively.. '

 The dischargeuindicated by'ajdifferential of.about 0.45 inch of
mercury in the measurementa falls at the 1ow end of the diacharge _

'jacale, The preseures producing the flowmeter differential may be

affected hy the flow conditions in the turbine at small dischargea.-

“.\x
."~\-.' s

}Sample tank. calibrations for- the 3~day period showed differences in-

' ithe value of F ranging from- 377 37 counte per second ‘to 381.18 cps




(gbdh='1 percent). - Because of the penstock pressure (about 1,100
"fEet?of:uateré the-flow'through'the ssmpie"tank was considered to be
“'sufficiently steady .to produce a satisfactory passage of the tracer

_sample past the counter._-

R =This series of 12. measurements, using samples from a mixing 1ength
'(645 D) about 8ix times the suggested minimum 1ength for natural tur- -
bulence,‘showed.larger than expected yariations.and‘indicated:a

.‘rEappraisal of equipment and procedures uere-necessary.

-The eyaluation.and modification.of procedures and‘equipment were.
xmade before and during a second measurement series performed on a -
i pump—turbine unit of the powerplant. The pump-turbine unit was
1operated as.a: pump to test mixing length theory and to evaluate

,.,

'fchanges in- the procedures. .

DISCHARGE MEASUREMENTS - PUMP TURBINE UNIT 3

Prepgrations for Heasurements

-ffSources of-Error
;A first step in: the appraisal of procedures was a. second study of
'the possible sources of error in the handling and counting of the

:ﬂradioactivity This study was an extension of the analysis used

“tﬁfor the turbine measurements and published in Reference 1 in the"

”1section written by the Bureau of Reclamation.v




'I'he results of the second analysis, Appendix 3, showed that the total
percentage error ‘to-be expected in ‘the discharge measurment Q could
‘be as large as ‘1. 73 percent. The probable eTTOT - was computed ‘to be

| Cin ‘the orde- of 0 97 percent Procedure changes in handling ‘the
ssmple tank calibr.etion activity based on the analysis sere made An
~the rs.dioisotoPe hsndling and counting techniques during the pump
discharge messurements. The procedures for reading the spiral case ..

' '\«flowmeter msnometer were also modified to increase the number of

read_ings.and better define _the-discharge.. _

'leg Pregrations _ _
'Ihe p1mp-turbine unit of the Flatiron Power' and ‘Punping .Plant was“ '
an. acceptable installation to experimentslly apply the radioisotope

| method of discharge measurement, Figure A. T.he capacity of ‘the ’
unit is about 370 cfs and the water ia pumped from the Flatiron _
afterbs.y to Carter l.ake through an’ B-Eoot dismeter pipeline, Figure 22.
Tha discharge pressure was about 270 feet of water (116 psi). An
s.ccepts.nce test of - the unit was performed in 1954 and:-the spiral
case flowmeter was calibrated by the salt-velocity method. The

inspection snd preparation of the Elow surfaces adjacent to ‘the - -

piezometers. imnediately before the measurements, assured that the y

flowmeter calibration curve could be used with confidence for com-

parison to the radioisotOpe discharge measurements 9f




_'Tracer injections were made both upstream and downstream from the.
pump to- determine it the pump caused a measureable increase in the
tracer-water mixing. One of the injection Ioeatione .was- in the
inlet elbow immediately below the pump Tummer and the other in a
piezometer ring downstream from the pump and butterfly valve,
‘Figures 22, 23 and: 24, Pipe fittings and aeeess to the flowing
water were available'lt thege two points and it was believed that
adequate mixing-could be obtained for the tracer and wster._:u
The tracer was . inJected by the pulse svstem through a 1/4-inch OD
‘tube containing a plug and,1/64-inch drilled. hole Figure 230.‘,Th
1/6&-inch hoie was. used to -increase the inJection time and prevent
saturation of the tounting system. " A 1/4-inch standard pipe in the

- inlet elbow was adapted to the injection tube by a stuffing box.;
iThe tube projec.ed (3 inches into the -elbow, about 0. 2 of the 30-inch f
_ tradius of the elbow at the injection cross section. The-pressure

?in this section- of the elbow ‘was about 5 -psi gage.

P R

;injections into the - sipeline downstream from the pump and valve
~were. made thrOugh a 1/4—inch piezometer plug. The plug contained
shoreripe nipple and 3/4-inch gate valve on' the outside .of ‘the
“~hgpipeline. AA stuffing box was made .for the 3/4-inch valve and ‘the

'i,ﬁllﬁ-inch in;ection tube wss inserted through the valve and plug into

:jﬁthe pipe flow, Fignre 243. 'An.B-ineh;length_of.tube protruded:into'”"
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Figure 23

A. Radioigotope system for
pulse injection in irlet
elbow of pump=turbine.
(valves in position for
injection) Inlet elbow
in right background.
Photo P245-D~60437

External stuffing box and gate C. Six-inch protrusion of 1/4-inch
valve for injection tube at inlet OD by L/64=inch ID injection tube
elbow. Thoto 245-D-60435NA into inlet elbow of pump.

Photo P245=D-60434

PULSE INJECTION SYSTEM AND INJECTION TUBE
AT PUMP INLET ELBOW

RADTOISOTOFE DISCHARGE MEASUREMENIS
HIGH-HEAD TURB;EES AND PUMFPS




Figure 24

A. Radiolsotope system for
pulge injection into pump
discharge line, tubing
from small cylinder leads
to digcharge line,

Photo P245-D-60436

Stuffing box and gate valve
attached to 1/4-inch piezometer
plug, 1/4=inch OD by 1/64=inch
ID. 1Injection tubes pasaes
through 1/4 orifice of plug,
8 inches into pump diacharge
line. Thoto P245-D-60439NA

PULSE INJECTION SYSTEM AND INJECTION TUBE
FOR PUMP DISCHARGE PIPL

RADIOISOTIOPE DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND PUMPS




the flow, a distance of about 0.21 of the pipe radius of 38 inches.

The pipe premsure at this croes section was 270 feet of water : - -“::j

(116 psi). Considetation was given to an injection through three

- available piezometers but time, equipment, and the plant structure
did not allow the installation of more than one injection tube.
A mixing length of 164 diameters of the 8-foot pipe was used batween
N the pump and first sampling location in the pipelire, Figure 22.

A 20finch manway installed fot the_pump-turbine acceptance tests by
the salt-velocity method was available for installation of the
radioisotope sampling.system!EFigures 25A and B. A manway cover used
for the turbine flow measu:eﬁents*was'modified and installed on the

' pumpline.- Yo changes were made on the centet sampling tube, _

| Figures7 (Detail 9), but the side sampler-was extended to 19-5/16 inches
to pass through the 16 inch nozzle ‘length of the pipeline manway.

The extension projected into the ‘flow about 3 3 inches snd allowed

;A_'a _'fa‘ ; ‘.a sample to be taken at a distance from the wall of about_0.0? of

H' " the 48-inch pipe radius. The tobe,through the center of the manway.
ssmpled the flow at a point 0.56 of the pipe radius from the wall,

_ The length of penetration into the flow of 26.9 inches was the maxi-’
mum obtainable with ‘the sampler designed to- reach the center of the
6-£ootfpenstﬂekt_ _The two pointg of sempling,-0.0?R and 0.56R, were

..believed ‘to ‘be satisfactory to: evsluate the relative quality of -

mixing and" whether mixing was assisted by the pump for injeetions

Ca 1in the inlet elbow.




' The mobile nuclear laboratory truck was driven close to the manway

"outlet of the pipe, Figure 25A. The sample tanks were commected

" to hoses from the sample tube and separated to prevent radiocactive
interference.between the‘counters. On-site calibrations of the
tanks and counting ayatema were made two or threc times daily to

minimize this source of error, Figure 25C.

A second sempling station using a decade. scaler ‘was placed in a
valve ahaft 6, 044 feet (?55 diameters) from the pump, Figures 22 .
Yoy T b

and 26. A-eample of the mixture of tracer. and pipe flow was taken

frOm an existing 1/4-inch standard pipe threaded into the wall of _

i

the butterfly valve at the hase of the shaft.. A heavy-duty garden

" hose was cOnnected-between the gample point in-the valve and the . | o
sample tank. Landiﬁge-at two elevationa df’the verticel ladders
' 1eading to the bottom of ‘the ghaft were used to support the eample .
tenk. For.onerset of-measurements.the tank-was-136 feet-above the
o valve ox. about 25 feet. below the water surface elevation in Carter
Lake. A-pump was used to provide.the~desired flow of abeut 20 gpm

-through ‘f.th'e"‘tank, Figure 26B. .

The location of the sample tank near the top of the shaft vas

selected because of the aveilable length of cable -on the counter

| end to reduce the am0unt of climbing neressary during the calibre-‘

ticn of the sample tanks




Arrows mark
aample tank
locations

A, Mobile nuclear laboratory near manway used for sam
water mixture. Fhoto P245-D-60442

B. Sampling equipment installed in manway of pump diascharge line.
Photo P245-D=-60440NA

2 S

- ¢ 2] aly

: i s ja T 3 _ 3 - e
Pipeting calibration solution Using electric mixer for
into sample tank. gtirring tracear and water.
Photo P245-D-60443 Fhoto P245-D-60441NA

SAMPLING LOCATION 164 PIPE DIAMETER FROM FUMP

RADIOISOTOPE DISCHARGE FMEASUREMENTS HIGH-HEAD TURBINES AND FUMPS
oT




A.

Figure 26

Decade gecaler on operating deck
elevation 5765,Carter Lake valve

ghaft.

Photo P245-D-60428RA

SAMPLING SYSTEM IN CARTER LAKE VALVE SHAFT

RADIOISOTOPES DISCHARGE MEASUREMENTS
HIGH-HEAD TURBINES AND YUMPS

Sample tank with pumped
flow - Tank at eleva-
tion 5738, 136 feet
above sampling point

in body of butterfly
valve,

Photo P245-D-60430NA

Sample tank with gravity
flow - Tank at eleva-
tion 5711, 110 feet
above sampling point.
Carter Lake Resgervoir,
elevation ranged
between 5740 and 5743
feet above sea level.
Photo P245-D-60429NA




Qt The“tenk wasgrelocated on-a 1aud1ng=110 feet above the valve'for.
=edeec0ndceet of ueacuremente, A head of about 52 feet between the .
_lake-anddlending elevationa.provided gravity flow through the tank
for these meaaurements.'Figure:ZBC._ The elevation of the¢ tank in
the'shaft“was changed to determine whether a higher than expected
count rate: was produced by tracer flow through the pump located
close to the tank Figure 263
The spiral cese.floumeter of the pump was equipued with tuo:mano-
metere. The mercury-v-tube used during the measuremeuts ot flow

.'through the penetock was transferred- to the pump,!Figure 27A. An

_-1nverted type water U-tube was also connected to the flow taps to

attempt to increaee the accuracy of reading the differential.
'Nitrogen gas preseure was uaed to force the water columna dowu inco
the -9- foot manometer, Figure 27A. For the.flowszbeing measured, the.
-flowmeter'produced a differential of about 5 ‘inches of.mercuryfor |

b abcut‘s.feet ef uater; By-using capillary-dampera, the uater columns

. could.be read_tovabout70.005V§ogt'and the mercurvaae.read to 0.01 inch.

V'IA fluid pressure scale, a beam balance designed to. weigh fluid pres-
'rsure, wse connected to the outlet piezometers of the pump, Figures 22
"’;’and 273. The proesure meanurements 1n conjunction with the flowmeterv_

Vl_meaeuremente were used to show the steadinees of flow through the

'.pump and to asaiat 1n the data analyeie. -




Figure 27

A, Spiral case flowmeter manometers,
(2) mercury U-tube, (b) inverted-type water U~tube
pressured by nitrogen gas. Photo P245-D-60433

Flid pressure scale for weighing in pounds per square
inch the pump discharge pressure. Photo P245-D-60432NA

FLOWMEIER AND PRESSURE MEASURING EQUIPMENT
UNIT NO. 3 PUMP-TURBINE

RADIOISOTOPES DISCHARGE MEASUREMENTS
HIGH-HEAD TUR]j’o_]éIgES AND PUMES




A third check on the operation was . the measurement: of power

input: (megawatts) to the pump motor. The power was measured by both
‘the station watt-hour meter and rol:ating standard Watt-hour meters. .
‘The time between readings of the meters and the total time of the
resdings were.adjusted to correspond_'to the .t:ime:‘of ,tracer pagsage

through the pipeline' from injection station to sampling stations.

o o ) ]

i

_The power_measurements-uere not used in the snslysis.except'ss .an
_indicstor that the motor input was stesdy thrc-ugliout-the-measurement.
RadioisotoE Preparstions '

The radioisotc-pe solutions were prepared and measured as described
before 1n the section on Tracer. Handling Procedures for the r.urbine
flow-mea_surements: One important exception was made in, the procedure

- for prepering the cslibration ..so\lut:ion C..

: -A;:grsvime_tric instead -of wvolumetric method was used in measuring

.rl'iiei»,quanritv_._ To batter measure the amount of ‘tracer used _for .t:he' |

' ca_librstion tenk,' each amount-;lﬁss proportioned-by weight on a

.precision 'ena'lyt'it:sl' balance- in the iaBor'atory. "fhe weighing .
procedure minimized t:he effects on the volume measuremenr.s caused
by r.emperature changes from laborar.ory to the fie\\].d site, from

170° F to below freer.ing on some days On the days rwhen cold con=

~,ditions ,were encountered the;:e was suspicion that freezing was

' causing a separat:ion of r.he rsdioactive material from the water used

ey
B

';,for dilution. Lo




'.l'he parl:s of the tracer solution to be injected for the discharge
' ---measurement uere not subjected to freezing. Thege loluticns were
transferred from the 1aboratory, to the automobile, and from the

\_f"/-

automobile to the interior of the powerplant.

‘Regults of Dichargg. Measurements :- Fuug_
Spiral Case Flowmeter
The water and mercury manometers of the spiral case flowmeter. were '
- read at 2-minute intervals whil.e the ‘tracer was traveling in the
pipe].iue between the injection and sampling points. R.eading of the
—manometers started about 10 minutes before injectiou and. -continuved
jfor about 10 minutes after the _tracer passed the sampl.iug point in

Carter Lake valve _shaft. |

Good aéreenﬁut -of discha.rges was obtained‘betueen ';the water and
' :mercury manometers by usiug the ueasurad differentia.ls ‘and the
_--calibration published in: the report on efficieucy tests.9/ Because :
_’ the ca].ibration had been made with the mercury manometer and no

greater accuracy. was obtained with ‘the . water manometer, discharges

"for comparison to’ the radioisotope method wers computed from the

-‘T?,mercury manometer calibration, Table 6 and Figure 28

.:-';ﬂ-‘li.azdioiaoto';.-:_eE '-'Discharg" heasﬁremﬁnts L

-.:_Injecn:'lons of radioactive tracer were made domstream fromf the P“mP

o

' "'and butterfly va].ve for the first: two d‘iacharge measurements on

U
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:fsolution.with the water in the sampling ‘tank and meaSurins
_the net change 4in counting rate of the system. The factor

s can be calculated from the expression-

RV

F-'l'nvicc

where- |
= V is the sample tank volume
'IK is’ the total -met couut during calibration “
ST 18 the tlme of counting . | ‘

.;vi is the volume of the pipet used for transferring the

cﬁélpration solution to-;he.tank
S e T
‘n 1s the mumber of pipet volumes .of solution used

.‘We:can then’éhow-thét-the;fractioﬁal error for F is:
AR _dK 4 4T 4 dV7y dvi 4 dCc
- F . K T v ¥ Tc

R O 4
el P . B R

.iWherefthe last term iStgﬁat‘derlved in théwpreceding qectidn
> (oquation &), |

SO

Flow Heasurement ;j:

The flow measuremeut equation isy

Q_-F-é s




vhere.N is%the'totalvnet_count during the diacnarge mcasurcﬁent'
A 1is vzci and 7
va 16 ‘the volume of stock solution Gy injected into the flow
.end is'measured by overflow buret.

Ihemfractional-error for the flow is:

. _2 ax
Q

Let ‘the operator B operating on. any variable x be,the percentage

error associated with the variahle X. Then substituting

' equations (4) and (6) into (B)., we have

4

aQT-'-SK+6'r+av+&wi_+ avc+—5v2-|§él +&v

where 0 1s. the total percentage error vhich can occur in the

flow Q, aSSuming that no other factors are involved. o

f:"

C utation No. 1 U"_( . =
The error contributions ‘break down into three categories-"kh

counting errors (two terms), timing errors (one teruo, and

- T

volume errors (five terms)
Asaume that the counting error is derived from the expected

standard deviation of the count (Error = 1/45) The worat 'f.':




o countins conditions occurring in tke field test series were
encountered using probe D.0.=5.%,. ‘fhe  counts obtained were: .
N o 50 000

and:
K "'100 000

Therefore, .the errors are: -°

BN = +0.45%
and :
BK = $0.327.

The Scaler used in the mobikaleboratory derives its timebase
from_the frequency.cf.the_e-c power Supplyt_“The frequency of
tbe'motor-generator cn the=truck is bncwn'to vary. At f
'Flatironthwerplant,:e digital frequency meter was ueed to ’
=nonitor the line frequency.during calibretion and‘the apparent
countins time 'ﬁas | corrected, | |

The mean’ line frequency of approximately .60 hz was measured to:_

within *0, 2 hz, the limitetion of the frequency counter. Thua, -
*5’:’-:9.-.%1‘_!_2. 100 = £0.33%
60 hz S
T;Of the five volume errors, " two of them involve. the transfer of_

aolution by the ‘use - of an overflow pipet end one by overflow

‘.buret. When the glassware hes been properly cleaned and dried

.r

';prior to use, the repeatability of meeauring equal volumee as

f;;*lJS.BR:detector .d_esi_gnatio_n. .

Fa




5 : ‘the. ab'o'v_e' _ 'co_nditi_.osis_:‘f‘i_.'s :

| established by weighing 1is. :tO 05% of the wean. Hhe'n the glass-

' were has been 1mproper1y clesned -and dri.ed thi.s error doubles.

Thus jassume_ _thelworst,case for esch.of these traunsfers to. be:
By = Sv g 6!!2 7. +0.1z
The fourth volume measurement imrolves the use of a voltmetric

"flask to maice up the calibra:i.on solution. The assumed error-.

) .'here.i.s.

BV = +0,05%

. The lafst_ volume measurement i that of the ssmpiiﬁg ‘tank and is

determined by .we;ighins.
5V = "’0 1'/¢ .

. Then the:possible.meotsl ‘error for a single measurement under -

i

| 8- ﬂ 3%

-':';. By definiti.on. the probable etror (in percent) of some

| -'facto‘r ¥ w'here y - f(xi) 15' o

'_ Therefore, the probableerrorfor the above ‘conditions is: S




gl
. Computation No. 2 | |
:;.Aa :i.m'proued techaique of '-'ealibrating the aanqale tank was
_' developed and used during the last week of teati.ng on the
: No. 3 unit at" Flat:l.ron. A control setting on the scaler
.. was . found Tul'l.el.'eb'y the preset t:Lme gate could be oven:iddca
...allowing a longer, time interval for counti.ng. The ti.me was

measured by a stopwatch and the scaler was stopped manually. _.

Under thee_:conditiona, for the DO-5 system,

K -'500 000
and o
'1‘ 1,000_ sec

and, " thev er:.:ors in these paramet'ersi are approximately

T .
8K = +o 14%
-and .
-~ eT = io;lz,_'

Then, for' t.l.l.EBG conditions -

BQ - tl 14%
cand’
BPe(Q) = "'0 527!- .

‘-_'Computati.on No. 3

'-Thc above computations are . based upon assumed largest en‘ors.':-

':--?-Following ara the best results that can be expected for the :

. :‘aame counti.ng system.- Fi.rst, _' R

By =By '=5V2 "_= f 6?.5_‘-"'_—' : iO.‘bS‘_?." B




while BV = 20,1%

If, K'-zsoc} ,000

- ;Ar_:ci_ N =50',6po,1

'thenfBK'“ﬂiO.14Z

BN = 5«.0.4573_

= £0,1%
Therefore, the feapeetive-etror;ifor.Q ere:'

o
i

8Q = £0.99% .

Bpe(@ = £0.50%

'.Counter Stabilitx :
In the preceding dLECHSSlOﬂS, the counting errors were aseumed

© o to’ be due only to the normel statistical procmss of eounting -

G i @
ucleﬂt*events{) This assumption presuppose haththere ere
\\Q& . x4
allowed no“°rrors ‘for high—voltage drift, d criminator shifts,

it

: noise etc. Presume now that these effects!‘re presented to an
“extent whieh will increase- the experimen*al stanﬂard deviation

“tqna-vnlue twice that of the expected standard devxation which

183




This standard deviation has been observed -for 'the counting
equipment in the Denver Office mobile laboratory.. Using

| the largest errors described in Computation No. - 2 of

By = svi:-= o = §T = $0.1%

Vo =.0,05
~ the resultant errors are -

§Q - t1.73%

Bpe(@) = 0.97% "

=These errora are still 1ess thanﬂsome of the differences between
flowmeter and radioisotope discharges computed in the experimental
A series a _fletiron Powerplant. Therefore, a, more fundamental

~: analysis of the problem is yet needed to explain the resultsl

obtained and to suggest methods of. improving the technique.
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