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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D. C. 20555

December 16, 1982

IE INFORMATION NOTICE NO. 82-49: CORRECTION FOR SAMPLE CONDITIONS FOR AIR
AND GAS MONITORING

Addressees:

A1l nuclear power plant facilities holding an operating license (OL) or con-

struction permit (CP), research and test reactors, fuel facilities, and Pri-
ority I material licensees.

Purgose:

This information notice is provided as notification of errors in radioactive
gaseous effluent munitoring. Regional surveys of equipment and practices at
selected light water reactors (LWRs) revealed that a number of LWRs were not
routinely correcting for pressure differentials betwecn main vent effluent
streams and associated offline sampling systems. Failure to correct for this
pressure differential can introduce errors (both in direct-reading gas monitor-
ing and in flow indication) in monitoring gaseous effluents with offline
sampling systems. These sampling errors can cause a significant underesti-
mation when quantifying effluent releases.

The potential also exists for systematic errors in occupational air monitoring
programs. Failure to apply pressure correction factors for flow measuring

devices when calibrating air samplers could lead to erroneous determinations of
airborne radioactivity levels.

It is expected that recipients will review the information for applicability to
their facilities. No specific action or response is required at this time.

Description of Circumstances:

A problem of pressure differentials in gas monitoring systems was identified by
the licensee at the Diablo Canyon nuclear power plant. At Diablo Canyon the
gas monitor takes suction thiough an isokinetic sampling head about 100 feet up
the plant vent stack. In maintaining a flow of 10 cfm, necessary to ensure
isokinetic sampling, it was found that the gas monitor chamber pressure was
approximately 12 inches of Hg below atmospheric pressure (30 inches of Hg).
This resulted in a reduction in the density of the sample chamber gas by
approximately 40 percent.

The licensee has found that the reduced pressure phenomenon is most pronounced
in systems with long sample lines and is less noticeab[e where sample lines are
short. The licensee plans to incorporate pressure or AP gauges on the gas
monitoring equipment and to include corrections for pressure variations in
calculation of gaseous activity.
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As a result of this reported sampling deficiency, each Region conducted a
survey of selected operating LWRs to determine whether licensees were making
the necessary pressure differential corrections for effluent monitoring.
Results of these Regional surveys indicate that a generic deficiency does

exist. Twenty plants were surveyed and eleven facilities reported they made no
pressure differential corrections.

Discussion:

Since calibration of normal range noble gas detectors (sensors) is usually done
at atmospheric pressure using Kr-85 gas, it is essential that calibration and
operational readouts be automatically corrected for the reduced pressure
conditions encountered in system operation, or procedures specify the applica-
tion of appropriate correction factors. Current models of effluent air monitor-

ing systems provided by major vendors usually incorporate such correction
factors.

Particulate and iodine effluent release determirations also are sensitive to
sample flowrate which may be affected by system pressure variations. Errors in
the order of 10 percent to 50 percent in the calculation of particulates and
iodine can result if no compensation is provided for measurement of actual gas
flow in the sampling system at reduced pressure.

One of the simplest and most commonly used gas fiow measurement devices is the
variable area flow meter, commonly known as the rotameter. A rotameter cali-
brated at atmospheric pressure will not read correctly at either higher or
lower pressure, unless properly compensated. (N. K. Craig, See Attachment 1).
Pressure correction factors for specific rotameters are available from the

various manufacturers as part of the instruction manuals supplied with the
equipment.

Operating variables such as the length of sample run, and variations in AP
across a particulate filter can affect operating pressure. In addition to
long sample runs, another significant factor is the increase in pressure drop
across a particulate filter caused by dust loading. Craig cites an example
involving dust buildup on a filter where AP increased from 5.9 inches of Hg to
10.7 inches of Hg while the rotameter float reading was kept constant. The

initial flow rate was measured at 5.08 liters/minute and the end flow was 4.02
liters/minute.

Assuming linear change in flow rate, the true mean value would have been
4.55 liters/minute. A determination of total volume flow made on the assump-
tion that the 5.08 liters/minute initial value prevailed over the entire
sampling period would have been 11.7% too high, and air contaminant concentra-

tions obtained using the initial flow rate would have been too low, by the same
percentage.

Manufacturers of sampling/monitoring systems are aware of the flow-measurement
discrepancies just discussed. Current systems provide built-in compensation of
air flow rate indication for operation at less-than-atmospheric pressure
through the use of pressure and temperature transducers and computer software
algorithms. Older analog systems may require application of manual correction
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factors for given conditions of AP and flow. Instruction manuals provided to

licensees by the vendors of older sampling/monitoring systems describe the
procedures for making the necessary corrections.

Independent verification of calibration of a flow rate measurement system can
be accomplished by placing a calibrated rotameter in series at the sample
intake end of the system and comparing readings of the system rotameter under
various system pressure conditions with those of the calibrated rotameter.
Since the verification rotameter operates at ambient pressure, the only correc-
tions needed for the calibration procedure are the correction for ambient
pressure (relative to standard) and a small correction for temperature (the
latter is only necessary for high precision work--the error in assuming a
standard condition of 70°F is less than 5X for the temperature range 24°F to
116°F which encompasses most plant effluent streams).

Existing NRC regulations require the control of radioactive releases from
nuclear facilities and require measurements of radioactive materials in efflu-
ents. It is implicit in all requirements for effluent monitoring that these
measurements be reasonably accurate. Licensees are expected to review their

facility's effluent monitoring program to determine the applicability of the
information provided in this notice.

No written response to this information notice is required. If you need
additional information about this matter, please contact the Regional
Administrator of the appropriate NRC Regional Office or this Office.

Reference:

Craig, D. K., "The Interpretation of Rotameter Air Flow Readings,"
Health Physics. Pergamon Press 1971. Vol. 21 (August) pp. 328-332.

*0riginal Signed By
R. C. DeYoung®

Richard C. DeYoung, Director
Office of Inspection and Enforcement

Technical Contact: J. E. Wigginton
301-492-4967

P. G. Stoddart
301-492-7633

Attachments:

1. Article by D. K. Craig, "The Interpretation
of Rotameter Air Flow Readings."
2. List of Recently Issued IE Information Notices

/]

*SEE PREVIOUS CONCURRENCES '%(
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factors for given conditions of AP and flow. Instruction manuals provided to

licensees by the vendors of older sampling/monitoring systems describe the
procedures for making the necessary corrections.

Independent verification of calibration of a flowrate measurement system can
be accomplished oy placing a calibrated rotameter in series at the sample
intake end of the system and comparing readings of the system rotameter under
various system pressure conditions with those of the calibrated rotameter.
Since the verification rotameter operates at ambient pressur~, the only correc-
tions needed for the calibration procedure are the correction for ambient
pressure (relative to standard) and a small correction for temperature (the
latter is only necessary for high precision work--the error in assuming a
standard condition of 70°F is less than 5% for the temperature range 24°F to
116°F which encompasses most plant effluent streams).

Conclusions:

Existing NRC regulations require the control of radioactive releases from
n'clear facilities and require measurements of radioactive materials in efflu-
ents. It is implicit in all requirements for effluent monitoring that these
measurements be reasonably accurate. Licensees are expected to review their
facility's effluent monitoring program to determine the applicability of the
information provided in this notice. Licensees are reminded that effluent
reports may have to be amended to reflect any necessary adjustments in the
estimated release quantities over the reporting period of facility operation.

No written response to this information notice is required. If you need
additional information about this matter, please contact the Regional
Administrator of the appropriate NRC Regional Office or this Office.

Reference:

Craig, D. K., "The Interpretation of Rotameter Air Flow Readings,"
Health Physics. Pergamon Press 1971. Vol. 21 (August) pp. 328-332.

Richard C. DeYoung, Director
Office of Inspection and Enforcement

Technical Contact: J. E. Wigginton
301-492-4967

P. G. Stoddart
301-492-7633

*SEE PREVIOUS CONCURRENCES
Attachments:

1. Article by D. K. Craig, "The Interpretation
of Rotameter Air Flow Readings."
2. List of Racently Issued IE Information Notices
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factors for given conditions of AP and flow. Instruction manuals provided to

licensees by the vendors of older sampling/monitoring systems describe the
procedures for making the necessary corrections.

Independent verification of calibration of a flow rate measurement system can
be accomplished by placing a calibrated rotameter in series at the sample
intake end of the system and comparing readings of the system rotameter under
various system pressure conditions with those of the calibrated rotameter.
Since the verification rotameter operates at ambient pressure, the only ccrrec-
tions needed for the calibration procedure are the correction for ambient
pressure (relative to standard) and a small correction for temperature (the
latter is only necessary for high precision work--the error in assuming a
standard condition of 70°F is less than 5% for the temperature range 24°F to
116°F which encompasses most plant effluent streams).

Existing NRC regulations require the control of radioactive releases from
nuclear facilities and require measurements of radioactive materials in efflu-
ents. It is implicit in all requirements for effluent monitoring that these
measurements be reasonably accurate. Licensees are expected to review their
facility's effluent monitoring program to determine the applicability of the
information provided in this notice.

No written response to this information notice is required. If you need
additional information about this matter, please contact the Regional
Administrator of the appropriate NRC Regional Office or this Office.

Reference:

Craig, D. K., "The Interpretation of Rotameter Air Flow Readinrgs,"
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Reproduced from Health Physics Vol. 21, (2), pp. 328-332 (August 1971) by
permission of the Health Physics Society.)

328 NOTES

Health Physics Pergamon Press 1971. Vol. 21 (Auguse),
pp. 323-332. Printed in Northern Ireland

The Interpretation of Rotameter
Air Flow Readings*

(Receiced 14 September 1970;
in revised form 30 Nocember 1970)

L. Introlnction

Varusiz area flow mete:., commonly known as
rotameters, are extensively used in industrial hygiene
and health physics practice to mcasure the volume of
air samples. The principles upon which the rotameter
operates are simple and, provided certain elementary

precautions are taken, flow rate readings accurate to

withia £5% should be obtained. However, as
Lovsex® has pointed out in a recent paper on
“Errors in measurement of working level,” in-
accuracies may arise due to incorrect calibration of
the rotameter ysed.

The purpose of this note is to emphasize the con-
siderable importance of a few of the factors involved
in intcrpreting rotameter air flow readings. Some of
these involve t=: Sow meter calibration, others do
oot. For exaz;!s, it is obvious that any leakage
between a sampling device and the rotameter will
result in error, as will incorrect recording of the
sampling time. /

\Vhat we ace concerned with here are the errors
that arise as a conseguence of the rotameter operating
at conditions of temperature and pressuie other than
sandard. In air sampling applications, it is a
general rule that the sampling device is placed up-
stream of the rotameter in order as far as pomible to
minimize sampling line losses and t0 prevent dust or
corrosive substances (rom entering the rotameter. If
there is any pressure drop across the sampling device,
the rotameter is automatically operatizg at a pressure
other than ambieat. Seldom is any clear explanation

given in the literature as to exacdy what the effect
of this will be.™®

2. Theoretdcal

Very breily, the mass of air flowing through a
rotametes, which consussts umply of a tapered glass
tube containing a doat of suiable shape (Fig. 1), is
obtained b\ reading off the scale on the tube the
position of the iloat and crmpanng the reading with
the flow rate on the appropriate calibration curve.
Tlus posiunn s that at which the dowaward gravita-

® This note is based on work performed under
USAEC Contract AT(45-1)-1830.

SCHEMATIC OF ROTAMETER
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tion force due to the.'~eight of the float is exacly
balanced by the upward forces due to the Jow of the -
fluid through the annuius between the flcac and the .
tapered tube. The dexuled theory of operation
of u.~ rotameter has been discussed by several
authors® " and may be summarized for the present
purpose in the equation

Q _KX, (P, T\" -
e-x(F7) m

where Q = volumetric flow rate (cu. ftfsec or
an?[sec)
K = flow parameter (ft'/3/sec or cm!/3/sex)
P = gas pressure (1bfin? or g/cm?)
T = absolute temperature

while We sulacripts refer to operating conditions (0)
and standard conditions (P, ='29.92 inHg, T, =
70°F = $30°R), respectively. K, is a constant for a
given rotameter reading (i.e., for a fixed value of
D,/D,), but K, is a function of the operating condi-
tions which may be obtained experimentally or from
s family of curves of K versus the viscous influence
sumber N for various D,, D, values.'® )
Fioas and PorTer sute in Catalog 10A1022:7"
“Density correction factors alone cannot be used oa
ball loats { in. size aad smaller. . . For all corrections
on { in. and smaller floats, refer to Catalog Number
10A1025."7" This latter catalog was supposed (o
bave been available December 1968, but does not yet
appear (0 have been issued. Since mast air samplire
that is carmied out for health physics, industnal
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SCHEMATIC OF EXPERIMENTAL ARRANGEMENT FOR Pg<Pg
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hygiene or inhalation toxicity evaluations is carried
out at flow rates of less than 30 L/min, this is the
region of major concern to us.

3. Experimental

All the work involved in these experiments was
with either a Fisher and Porter triflat rotameter with
tube No. FP-1/4-20-G-5/77 and }in.-SS spherical
float, the tube being graduated from 1 through 20
(D./D,) corresponding to 18.3 L/min at 14.7 ps.ia.
and 70°F, or a 0-2.4 L/min Brooks rotameter with
tube No. 2-65B and a } in. dirmeter sapphire float.
A vaniety of nther flow meters are also available, but
the above twn types are fairly representative. The
wet test meter (W.T.M.) used to measure flow under
standard conditions was checked and found to be
accurate to within +1%. The pressure/vacuum
gauges used were checked against a mercury manom-
eter. :
In general, an experimental arrangement such as
that shown in Fig. 2 was used fo.* these calibrations.
A typical series of results obtained on an FP triflat
"rotameter is presented in Fig. 3. W.T.M. readings
were made at various fixed scale readings (D,/D,
ratios) for S (Fig. 2) comprising varying sumbers of
filters from O through 10. It is seen that two sets of
straight lines can be obtained, one for each number
of in-line filters and another set for each rotameter
scale reading. These results may also be plotted in a

R R
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different way, as has bren done in Fig, 4. Here,
scale reading under operating coaditions has bee
plotted against the standard flow rate F, for eac
value of the gauge-indicated pressure drop A/
Obviously, a similar set of lines exists on the oth:
side of the AP == 0 line-for positive values of AP.

4. Discussiea

In Fig. 4, straight lines have beea drawn throug
the experimental points, even though some systemat
deviation from linearity is apparent. The
error caused by drawing straight lines is of the ord:
of +4%. The manufacturer’s calibration curve fc
this rotameter under standard conditions is plotted :
crostes and is seen to agree quite well with o
AP = 0 line. The actual values from which b
graph was obtained are given in Table 1.

Figure 4 is obviowsly a fairly satisfactory set
‘calibration curves for this' rotameter, ie., by readir
the scale value and the pressure drop acros i
sampling device, the flow under standard conditio:
can be obtained. However, it is clearly not a practic

“propasition to calibrate all one’s rotameters in tb
way, nor is there a simple way of calculating tt
correct low under standard conditions.

The importance of taking the actual pressurc at tt
rotameter into account may .be appreciated t
examining Table 1. For a scale reading of 8, tt
manufacturer’s calibration curve indicates an F, vah

ROTAMETER READING YERSUS AIR FLOW RATE UNDER STAHDARD
CONDITIONS FOR VARIOUS PRESSURE GAUGE READINGS AT ROTAMETER

u

o Winig—>-U

SCALE READING ON L€ F.P. MI-RAT ROTAMERR

2 ®v -4 - U -

% MANUFAC -
TURER
i

F, * FLOW RATE AT 20.92 g ANO T

Fic. 4.
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Tebls 1. Sl-éiﬂc.m(!. L/min) selues as & fimction of retemeter readirg ond prsswe drop from shmasplaris

Rotameter scale reading DD, o
AP inHg 1 2 3 4 5 6 7 8 9 10 1 12 18 1: 18 ,
! 0 — 080 164 252 331 413 495 585 692 784 885 970 — -. ..
-2 — 038 143 ".) 3.08 387 466 S51 653 744 841 943 <= =
-4 — 036 122 2 5 283 362 436 419 414 7.083 796 798 — —
-6 = = 100 LJ 259 335 405 486 375 662 7350 850 $35 - ..
-8 = = 079 1.0 235 309 3JS 53 5% 620 7.02 807 880 - .
-10 — — 70359 136 211 282 346 420 4% 59 635 .0 425 947 —
-12 = — — 109 187 25¢ I3 385 438 53¢ GO/ 696 766 846 920
-4 = — — 075 1& 27 285 349 418 483 536 637 706 776 84¢ .
-16 = — = = 132 /96 253 812 474 440 505 576 645 705 7.6
-18 = T = = = 182 2'7 271 329 388 449 512 574 630 686
-20 = = = = — L9 L7 225 28 33* 385 440 500 SST 6.00-
-2 = — = = = = 120 170 23) 270 8.18 3.7 420 46 -Sj0
-2¢ = — — = — = "= LIS LY 205 246 300 235 376. 421
—~ Manufacturer's - N
aalibration ) ~
L/min 015 070 135 243 330 420 5.5 605 7.00 8.00 895 995 1085 1195 13.00
Fischer and Porter Tube FP-4-20-G-%

Float §-SS.

of 6.05L/min for P = 29.92inHg and T = 7Q°F.
mmtwork-indiutathnthm:ahm&‘
on the .otameter can give F, values ranging from
3.85 L./m’n for AP = 0 down to 1.1$ L/min for AP =
—24 inHg, where the atmospheric pressure was 29.2
inHg. ' .

The above is obviously an extreme example of
what could happen, 50 we need to examine what is
more likely to happen. Millipore HA or Gelman
GA-6 filter paper, both having a mean pore size of
0.45 um, are frequently used in air sampling situs-
tions, the | in. and 2 in. dia. being used among other
sizas. For the 1 in. diameter paper, a scale indication
of 8 gave AP = 5.9 inHg and F, = 3.08 L. /min, com-
pared with 3.85 L./min at AP = 29.2 inHg and the
manufacturer’s value of € *SL/min at 29.92 inHg
and 70°F (see Table 1). T... means that, had the
manufacturer’s value bee f.¢en as the flow rate, this
would have been in aro: -y some 19%. Even for
the 2in. dia. paper, with . nearly five-fold larger
cflective area, F, = 5.551./n.1 and the error would
have been 9%,.

\Vhen sampling from dusty <tmospheres, a further
problem arises in that, as dust builds up on the filter
paper, the pressure drop ircreases and, even if the
flow reading is adjusted w a constant value, the
meaning of that reading changes. For example,
assume that AP increased from 5.9 inHg t2 10.7 inHg
while the rotameter reading was kept constant at 8 on
the guage, for AP = 29.2 inHg. The final value for
F, is 4.02 L./min. If we assume that the change in
flow rate was constant with time, the true mean would

3.08-20-4. « 4 55 L/mi

The value of 6.05 L /min for AP = 0 and AP = 29.92
inHg exceeds this value by 33%, and even the value
of 5.08 L/min obtained by calibration for «~aditions
as they were at the start of ing would yield a
result that was 11.7% too high. The air contaminant
concentrations obtained by using these values (6.05
or 5.08 L/min) could, therefore, have been LOW by

ing amounts. Table | shows that sub-
stantial errors can arise, even when the rotameter
reading is fairly small. If the temperature differs
significanty from the standard calibration value of
70°F = 530°K, then corrections must be made for
this. However, the error caused by using 70°F is less
than 5% for the temperature range 24°F < T <
116°F.

Lovsn's analysis?! of errors due to incorrect flow-
meter calibration is confunng in that it does not make
it very clear as to what flow rate is desired and,
further, docs not seem to tike into account the effect
of pressure changes on the operating characteristics
of the rotameter. In addition, his equation (2) (p.
632) appear tc oe incorrect, containing a T in the
denominator . stead of P,,. Logically, all flow rates
should be red- iced to standard conditions of tempera-
ture and p-ssure, iec., a fixed mass of air. This
latter poin cannot be over-emphasized, since it is
widely ig ored. For example, the author recently
discovere. diat the manufacturer of a widely used
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multistage sampling device gives the airflow and &Ammeten.Romew;l (Edited by Jonn H.

stage calibrations applicable to 2ir at 4500 ft above
gaﬁhdwithmindiuﬁmblhepumhucthuth’s
s the case.

3. Conclusisag

The importance of calibrating rotameters under
exactly the same conditions as those under which
they will be used is discused. Calibration data is
presented to demonstrate the magnitude of the errors
that can arise when using a rotameter downstream
d;mplh(dﬂiamwhichmmham
drop. Itisdeaﬂye-entid:oal\uy:havelpm
gauge to measure the pr-sure at the flowmeter (on
the same ~ide of the valve as the rotameter float).
Not only dovs this enable corrections to be applied,
butxtme‘navcy‘mdlakdﬂecwdnc:,fora
ﬁvenamplingdevieeudﬂowntc,thepm
dmpshmﬂdbemgmythcamﬁmnmscnpkto
another. It it also obviously desirable to use fSow
mathuwﬂlg‘venbwaptmredmpupt-f&
:’dmetzr readngs at the upper end of the rotameter

e

Doucras K. Caaso
Batirlle Memorial Institute
Butelle Northwest Laberatories
Biology Department
P.0. Bex 999 .
Richland, Washingten 99352 /
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pressure Protection

Clarification of Emergency
Plan Exercise Requirements

Deficiencies in LWR Air
Filtration/Ventilation
Systems

Defects Observed in Panasonic

Mode' 801 and Model 802
Thermoluminescent Dosimeters

Failure of Safety/Relief
Valves to Open at a BWR

Leaking and Dislodged
lIodine-125 Implant Seeds

Deficiencies in Primary Con-
tainment Electrical Penetra-
tion Ascamblies

1773/82

11/30/82

11/26/82

11/19/82

11/18/82

11/16/82

11/5/82

10/22/82

10/6/82

09/22/82

A11 nuclear power
reactor facilities
holding an OL or CP

A1l NRC licensees

A1l facilities
pursuant tc 10 CFR
Parts 50 and 70
and Part 95 appli-
cable facilities

A1l PWR facilities
holding an OL or CP

A1l power reactor
facilities holding
an OL or CP

A1l power reactor
facilities holding
an OL or CP

A1l NRC licensees

All power reactor
facilities holding
an OL or CP

Medical licensees
holding specific
licenses for human
use of byproduct
material in sealed
sources

All power reactor
facilities holding
an OL or CP

oL
cp

nu

Operating License
Construction Permit
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