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ABSTRACT

volume authenticator may be considered a standard
Brookhaven National Laboratory has developed a test device that is useable almost anywhere in any

portabFepressure-volumeauthentlcator**asastandard facility, and ;by substitution,provide traceability to
and means of checking the functionalityand qualityof internationalstandardsand a means of checking the
bUbbler.probe volumetric devices. The pressure, fun_ionality and quality of bubbler-probevolumetric
volumeauthenticator(PVA) consistsof an automated devices. By meansof inter-comparisonof ta_k volume
electromanometersystemthat iscontrolledby a laptop measurementsbetweenfacilities,the PVA representsa
computer, and a transportablevolumetricartifact. A significantadvantage interms of testing and indepen.
portablepressure gage isconnected, viaa scanivalve, dentlyvalidatingvolume measurementssystems. The
to the operator's bubbler-probesystem and indepen- device provides direct mass measurements that are
dentlymeasuresali bubblerprobes. The transportable redundantto the plant operator'sliquid.levelmeasure.
volumetricartifact is a one-meterhigh vesselequipped mentsand tl_ereforeare a check on the accountability
with bubble-probes, computer controlled air-purge measurements.
rotameters,and platinum resistance(RTD)tl_ermome-
tar. Highqualitymeasurementsare obtainedby use of DESCRIPTION OF THE METHOD AND
a fast sampling technique and sophisticatedsoftware INSTRUMENTATION
developed under this program. The computersoftware
performsthe followingfunctions: a) instrumentcontrol, Bubbler-probemanometryis basedon the measure-
b) data acquisition,c) on-line graphicaland numerical ment of the pressure that exactly balances the force
display of measurement data, and d) detailed de'ta dueto the weightof the liquid abovethe bubbler-probe
analysis. The device also may provide hands-on orifice.[1] The liquid level and density are measured
training for inspectors and plant operators in high andthe liquidheight is derived. The tank volume is a
qualityvolumetricdata collectionand analysis. A field function of the height and volume measurement
demonstration of the automated electromanometer equation ob,ained previously during the calibration
systemwasconducted on the PETRAinputaccountan- exercise.Redundantinstrumentationthatcan indepen.
cytank, JRC-lspra In November 19'91. dentlymonitorcalibrationconditionsand measuretank

volumes under operational conditions can enable
INTRODUCTION improved measurement control and verification.

Prior to the development of the pressure-volume The pressure-volume authenticator is a miniaturized
authenticator (PVA), there did not exist a method for version of the BNL electromanometer system devel-
verifyingvolumetric instrumentation and measurements oped under the TASTELXpro.gram.[2] [3j lt consists of
in nuclear process tanks. The portable pressure- an automated electromanometersystem that is con-

trolledby a laptop computer,and a transportablevolu.
metricartifact (Figure 1). A portable pressure gage is

*This work was performed under the auspicesof the connected,via a pneumaticscanner,to the operator's
U.S. Department of Energy, Contract No. DE-AC02. bubbler.probe system and sequentiallymeasures the
76CH00016. bubbler probes. The pneumatic scanner, scanner
**Funding for this projectwas provided by the U.S. controller,a_d the RS-232 control modules are con-
DOE SavanJnahRiver Operations Office. tained In the metal case in the center of the figure.
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Figure 1. PVA Instrumentation _

']'he transportable volumetric artifact is a one.rneter
high vessel equipped with bubbler.probes, computer
controlled air-purge rotameters, and RTD thermometer
(Figure 2). The volumetric artifact is equipped with
carrying handles and an optional sight-glass attach-
ment. Using one-meter extensions, the volumetric arti. Figure 2. PVA Tank
fact can model the output of tanks of any height. A
schematic diagram of the PVA is shown in Figure 3. PVA instrumentation can easily be carried as hand •

baggage.
Primary considerations in the choice of PVA instru-

mentation were accuracy (comparable to the Ruska The reliability and versatility of the rotary pneumatic
electromanometer) and portability. High pressure- scanning technique under operating conditions has
measurement accuracy and short-term precision been documented.[4] PVA operating experience with
approaching 2 pascal is required to measure liquid computer controlled and readable mass gas flow
density, a key manometry parameter, to 4 parts in meters has been good. Routine monitoring of gas-
10,000. Two absolute and two differential portable flow.rates is an important measurement control element
pressure gages were evaluated under this study, in bubbler-probe manometry. Unbalanced gas flow
Because of absolute gage sensitivity to short-term rates can be a source of significant unaccounted-for
barometric changes, which can exceed 10 pascal, measurement error.
neither' absolute gage was found to be applicable to
PV/-, use. With the use of a fast sampling technique The computer software performs the following
and sophisticated software developed under this functions: a)instrument control, b) data acquisition, c)
program, the two differential pressure gages were on-line graphical and numerical display of measure. :
judged to meet the design criteria under a wide range merit data, and d) selected data analysis. Options for
of operating conditions. The availability of highly, datafile export for advanced analysis include data base
developed laptop computers means thzt now ali or the and spreadsheet capability.
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,' !I_ " CAUBRATION EXERCISE:

INCREMENTAL ADDITIONS

Resultsof the incrementaltank volume calibration of

increments),are shown in figures5- 10o"thecalibration

L_m-_opm_s_+ 17 -- data for the level probe are summarized in Figure 5.Figure 6 is a plot of. the incremental slope (Ii.

} i ters/millimeter), which is a straight line for the unilorm,"j-_l__7 straight-walledcylindertank, The linear least.squares
plot is shown irl Figure 7. Volume (liters) residuals as

' L---II_..... ,1 a functionof heightareshownin Figure8. Changes in
___ PRE,m_URE_I,_UFIt---/-_I the residuals are due to volume displaced by the
,_.,/ LDEVICE j density and temperature probes and to the volume of

_ r.__o--_i - _ the accessoryconnections.
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Figure 3. Pressure-VolumeAuthenticator _ ,,.-,, ,,.,,-
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TEST RESULTS AND EVALUATION '" ='"" ="'"" °°°'
IIt,_u,=aDl,trd_o_*; I_

lUpMonlU O_ffLeLaut° vul,t, O_¢L,_iur.o

Jt " O. il/;ttOtl4l_,611'n 1_0_4d) _, 00¢S,017104"/i,? 1411 lblFigure 4 is the monitor display for the PVA artifact ,. 00.,,,,,,,.,,,,,., °.,+,,,,.,,,,,,,,,.,
calibration data showing the instrument readings and
plots of the densityand level probes. Typicalstandard ='=" '=" ="-'=" =-'=" _-_ ""'+'"_i) (li_erJ) (l/m) (l,_,t,o_ _ } (Li°oi'e!
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deviation on the raw density and level probe rcadings, o .,,, ,,,. ,,. ,,,,0 o.0,,
L67 ,'= P,44_ O,_ll 1,4_0 • O. 00(t

reflecting the size of the bubbles and based on the _I 355.11 t;.)'HD l,IVil _I . +,'l+ iL°©l

H20 Ho ,,,,, ..,,, ,.., ,,,,, 0o.average of 150 readings, is 0.95 mm . wever, : ,.,. °,,,, o+,, ,,,,, 0°.,
$ i;ll*l.1 ,l.l,l lP O,OSP+ II,Ill O.00 _.

the standard deviation on long.term measured zero, , ,,°,, ,,,,o ,.o. ,,.., ,.,'? lli.00 )O,lSi °.Oil 31 ,Oi'l 0.0t_l.

density and level values is 0.02. Following a pedod of , ,,,,,, ,,,,, 0+o. ,,,,, 0,o,9' MI,Li 4'7,11+ 0,0Sl f?,l|l "U.#0 Iz

testing to characterize instrument response and to ,, ,,,.,, ..., 0,o,, .,,,, ,0o,
validate tl_e software, tank calibration, sensitivity test,
and thermal expansiontestswere performed. Repeat.
ed determinations of the probe separation (251.71 mm Figure 5. Listing of Least Squares Results

H20) and its standard deviation (0.02 mm H20) were
made.
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Figure 6. IncrementalSlope Plot
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Figure 7. Plot of Calibration Data and Fitted Line Figure 10. Upper Probe Fitted Line
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Figure 8. Plot of Residuals Figure 11. Upper Probe Plot of Residuals
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The calibration data for the density probe are shown The redundancy provided by a second calibration
in Figure 9. Corresponding plots of the least squares equation based on the density probe is used for
line and volume re,,;idualsare shown in Figures 10,and calibration validation and measurement control purpos.
11. es.
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•, _..., THERMAL EXPANSION TEST
_I:I.)I_I l)lhll?ll

"==" "'" """ Figure 12 shows the density and level bubbler-probe
""=' "=" "" " "" cha 1ges•.-,*-,,,-,,-,.. ,.,- pressure r as & function of temp_.rature The

,,_,,,,,._,,.,.= differencebetween the densityand level probe curves
"-" ="'""" " """" is due to the opposing effects of the expansion of the• - ll,l,lllllllllll?l,ll4114_l_l O.)II_-_.L&4&4,4[II_I'_k(N

"'"'"'"'"""" °'"""'"""' tank and the liquid.[5]

, ,.,, -.,,, ,.-, -.,,, ,.,- • Tank ex_n_o.._g..n.- An increase in temper_*.'_-ein-l I'7",l_r I.Ii,&tl O,011 :LI.I?I ,l.l)l) -

' '""* ""' ""' '""' '"' creases the cross-sectionalarea _,f the tank whichII 141D.III II,I,II.0 O.lhl,l &ll.l_l .II,1,011

I lil,l& YI,671 0.1_J _l.l?l ' °.D4_)

, ,,,.,, ,,.,, ,-, ,,.,, ,.,, lowers the liquid level. This is seen as an increasel Ill,li li.Iii I.IIII 41.I_11 O.Idle_

, ,".,, ,,.-, ,.,,, ,,.,- ,.-, in probe readings as the tank cools1.0 ¢I"/,el, iII.iI.¢(_ o,01111 $I_.¢14 $,_N ' "

Figure9. Upper Probe Usting of LS Results



' hand baggage and volume calibration and thermal
_R.su__O_F_P.ENCE,,m=,TE_PE,XTU_E expansion data were collected.[6] lt is shown that ttlep(t,.r.p)- _(26.4)

'" '.... PVA can easily be used to collect on-line calibration

6" ' ,/ and temperature effects data, and to validate the

_ j,/ facility'scalibr_,tiondata and the analysisof these data... " ._. The reportwhi(.:hdiscussestt_eseresultsdemonstrates
' UPPER PROBE _¢' mass transfer of solutionwith an accuracy of 0.'1%.

_i_"l ,S,...,.j,'_''___ Demonstration of the PVA for use by the inspection...._ ..................................l agencies remains to be carried Out.

'¢: ""'t LOWERPROBE""_""""',_.,,,.., I SUMMARY AND CONCLUSIONS
., L,.......' -_" ----'.... .-....., ...----'---'-_J--.... A portable pressure-volumeauthenticator has been

D.=,,.c.s,_°, developedand tested. Laboratoryandfield demonstra.
tions indicate potential for the PVAin validating facility

Figure 12. Plot of PVA'Tank Cooling Data bubbler-probe systems for measurement.control
purposes and for its application during domestic and
international inspections. The device also may provide

• Li_id expansion - An increase in temperature ex- hands-ontraining for inspectorsand plant operators in
pandsthe liquidthus movinga greaterfractionof the high.qualityvolumetricdata collectionand analy._;is.
total mass of liquid above the probe tip. This in-
creases the probe reading as the temperature REFERENCES
increasesbecause a larger portion of the liquid in
now sensed by the probe. During cooling, this is 1. Suda, S.C., [1990], "Bubbler Probe Manometry in
seen as a decrease in the probe readings. NuclearProcessTank Measurements,"l_j..s.L_n.nual

!NMM M..09_, Los Angles,CA, pp. 56-61.
Both probe readings are affected by the thermal

expansionof the tank. As seen in Figure12, thisis the 2. Suda,S.C., [1979], "An AutomatedElectromanome.
main effecton the lowerprobe (level). ter Systemfor Volume MeasurementsinAccounian.

cyTanks,'FirstE_ARD_ASymD__o=siumonSafeguards.
The change in the fractionof liquid abovethe probe .and Nuclear Materials Managernen!, Brussels,

tip is due to liquid ,_xpansion,and is the principle Belgium,pp. 325-329.
componentintheupper probe(density)reading, lt has
a negligible effect on the lower probe whose _.ipis 3. Suda,S.C., Keisch,B., Hayashi,M. Onuma, T., and
locatednearthe bottom of the tank. lt is believedthat Fukuari,Y. [1981], "Demonstrationof an Automated
because of the temperaturerelationshipbetween the Electromanometer for Measurement of Solution
liquid volume and tank surface area for the small Volume inAccountabilityVesselsinthe TokaiRepro-
diametertank used inthisexperiment,the coolingdata cessingPlant,2!st An.nualINMM M_e_n.0.g,SanFran.
curvesare not straight lines, cisco,CA, Vol. X, pp. 489-500.

lt is shownthat each probehas its own temperature 4. Thomas, I.R., "VesselMeasurementControls at the
correctioncoefficient. In fact, because of geometric Idaho Chemical ProcessingPlant", [1991], Unpub.
complications,the temperatureeffectsof each probe lishedreport.
should be determinedexperimentally. The difference
in theelongationof the probesrelativeto the tankand 5. Keisch, B. and Suda, S.C., [1980], "Temperature
to another probe is a second order effect if fabricated Effectsin Dip-tube Manometry,"_.lStAnnualINMM
from the same material (e.g., stainlesssteal). Meeting,PalmBeach, FL, Vol. IX, p. 148.160.

FIELD DEMONSTRATION 6. Hunt,B.A., Thornton, M.I., Suda, S.C., and Keisch,
B., [1992], "Demonstrationof the Pressure-Volume

Fielddemonstrationof the PVAwasconductedusing Authenticator on the PETRA Input Accountancy
the PETRA input accountability tank at Ispra. The Tank,' >33rc!_AnnualAN_.__M......Meeting, July 1992,
instrumentationand laptopcomputerwere carriedas OrlandoFL, BNL-47072.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government, Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumesany legal liability or responsi-
bility for the accuracy, completeness,or usefulness of any information, apparatus, product, or
processdisclosed, or represents that its use would not infringe privately owned rights. Refer-
enc¢ herein to any specific commercial product, process,or service by trade name, trademark,
manufacturer, or otherwise dots not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agencythereof.
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