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SUMMARY

A prototype system is being developed for collecting and measuring air-
borne radioiodine in the environs of a nuclear reactor following an ac-
cident. This BNL Air Sampling System will allow government agencies to
determine the magnitude of the relezses and, thereby, to evaluate radio-
logical consequences and recommend suitable protective actions.

As part of the development work for this system, previous mechanical
reliability studies identified a deficiency with the motor originally
used. Accordingly, two alternate motors, which had performed satisfac-
torily during limited evaluations, were recommended for further testing.
The purpose of this study, therefore, was to evaluate these two alternate
motors using lifetime testing and testing under various extreme operating
conditions of temperature, relative humidity, rainfall, and dusty air.

Twenty motors were obtained, ten each from Minnesota Electric Technology
(MET) and TCS Industries (TCSI). When operated on alternating current,
the TCSI motors operated satisfactorily for all test conditions; yet,
when on direct current, all but one of five motors failed. Therefore,
these motors were not considered adequate for the air sampler system and
the lifetime testing was not conducted.

In comparison, the MET motors (which are DC only) operated satisfac-
torily for all test conditions. Subsequent testing of these motors in-
dicated lifetimes from 47-188 hours. As a result of these operating and
lifetime tests, it was determined that the MET motors are a better
potential replacement for use in the BNL Air Sampling System. However,
because of the relatively high cost to manufacture, purchase, and incor-
porate the MET motors into the BNL system, it may be more cost effective
to procure commercial air sampling equipment.
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INTRODUCTION

Airborne radionuclide releases from damaged nuclear power facilities
must be quantified by emergency response personnel to allow accurate
evaluation of the radiological consequences and thereby allow recommenda-
tion of coimensurate protective actions. To fulfill the demand for these
environmental monitoring capabilities, a prototype air sampling system
for collecting and measuring the concentration of airborne radioiodines
was developed by the Safety and Environmental Protection Division at

\

Brookhaven National Laboratory (BNL).

Exxcn Nuclear Idaho Company, Inc. (ENICO)? at the Idaho National Engi-
neering Laboratury (INEL) performed an independent assessment! of the
BNL Air Sampling System to determine the mechanical performance of the
air samplers and to identify any operational deficiencies of the system
components. Reliability tests were conducted under varying environmental
conditions of temperature, relative humidity, rainfall, dust-iaden air,
and vibrational and mechanical stress. The operational lifetimes of the
air mover motors were also evaluated. Based on these studies, the ori-
ginal BNL motors were determined tu be unsatifactory, based on two func-
tional inadequacies: 1) they would not operate at ambient temperatures
of OYF or less; and 2) the lifetimes of the motors were unsatisfactor-
ily short.

nsequently, limited testing was conducted on three additional types of
motors. Two of the three motors acceptably completed these tests, and
recommendations were then made to perform detailed environmental and
lifetime testing to determine which motor was the more appropriate re-
placement for use in the BNL Air Sampling System.

T«

port describes the detailed testing of these two alternate motors.
+ . v

P

Industries (TCSI) and Minnesota
logy, Inc., (MET) for evaluation. Five of each motor were
to varyi conditions of temperature, relative humidity,
The remaining five motors were to undergo

ch motor were procured from

>ampler, the MET and TCSI motors, and
procedures and results are given in Section II
[ details the results and recommendations of
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Figure 3. Minnesota Electric Technology Motor




1. Temperature and Humidity Testing

To establish the uniformity and repeatability of the BNL air samplers,
the flowrates of the samplars under different temperatures, relative
humidities, and operational voltages were measured. The six sets of
temperature and relative humidity conditions tested were: 1)1109F at
100% RH9, 2)1100F at 36% RH, 3)909F at 100% RH, 4)909F at 38%
RH, 5)09F at 100% RH, and 6)09F at 100% RH. For each of these
sets of conditions, ten tests each of fifteen minutes duration were per-
formed. Five TCSI motors were tested on both on AC and DC voltage; five
MET motors were tested on DC voltage.

The Environmental Test Chamber (ETC) used to simulate the desired tem-
peratures and relative humidities was a BMA, Inc., Model TH-8C (Figure
4)®, It has an eight cubic feet internal working volume and uses wet and
dry bulb thermocouples to control the temperatures from -85 to + -3500F
and humidities from 10 to 100%. The wet bulb and dry bulb temperatures
are continuously recorded with a 24-hour Honeywell recorder, Model
AR11IAMS1057. The ETC temperature and relative humidity sensors were
calibrated prior to testing.

To monitor the air sampler flowrates, Matheson Model 8115-3215 linear
mass flowmeters, with Model H-3MS/L-5 transducers, were employed. The
mass flowmeters and transducers were designed to operate over all humid-
ities and temperatures in the test program. The mass flowmeter outputs
were coupled to a Leeds and Northrup Speedomax® multipoint recorder.
The mass flowneters/transducers and recorders were calibrated prior to
testing and at six month intervals.

Appropriate power sources were used for operation of the air samplers.,
Power for ACV operation was from a 110 VAC, 20-ampere laboratory service;
power for DCV operation was a 0-18 VDC, 22-ampere regulated power supply.

The testing under each of the six temperature/relative humidity condi-
tions was done in four steps: 1) The conditions to be tested were deter-
mined. 2) The equipment was assembled. The assembling step included
coupling the mass flowmeter/transducers with Tygon® tubing to the air
samplers (Figure 5) and placing the transducer/air sampler assemblies in
the ETC. The mass flowmeters, the power sources, and the recording de-
vices were connected via cabling through a small opening in the wall of
the ETC. 3) The air sampler flowrates were set by adjusting the air
sampler bellows /bleed port or the 600-watt rhecstat. Although the sam-
plers' flowrates could have been adjusted to 5.0 SCFM, the flowrate of
each sampler was set at slightly different values to facili*ate inter-
pretation of the recorder charts. 4) The experiment was run. The ETC,

a Relative humidities of 100% were estimated based on observed con-
densation in the test chamber.

b The mention of any specific equipment or apparatus in this report
should not be construed as an endorsement or recommendation of the
equipment or apparatus.



Figure 4. Environmental Test Chamber
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TABLE 11

REPEATABILITY OF ACTUAL VOLUMETRIC SAMPLER FLOWRATES AFTER
0.5 INCHES OF RAIN FOR ONE HOUR (MET MOTORS)
INCHES OF RAIN PER ONE HOUR

Ave Median Flow Standard Number of
Test Condition Sampler (Am, ACFM) Deviation (S) Tests (n)
First Test 1 6.28 5.2% 10
First Test 4 6.51 10.1% 10
Second Test 1 6.39 3.8% 10
Second Test 1 6.43 2.3% 10
Overall Averages 1 6.34 4.5% 10
Overall Averages 4 6.47 7.3% 10

TABLE II1I

UNIFORMITY OF ACTUAL VULUMETIC SAMPLER FLOWRATES AFTER
0.5 INCHES OF RAIN FOR ONE HOUR (MET MOTORS)

Ave Median Flow Max. Range Number of
Test Condition Sampler Variation (Ap) Variation (Vp) Test (n)
First Test I 6.74% 17.99% 10
First Test 4 14,37 65.24% 10
Second Test 1 5.12% 13.68% 10
Second Test 1 6.24% 27.63% 10
Overall Averages 1 5.93% 15.84% 10
Overall Averages “ 10.31% 46.44% 10

12



I,AP LE _I v
ACTUAL VOLUMETRIC SAMPLER FLOWRATES BEFORE
AND AFTER DUST LOAD TESTING
(MET Motors)

T
est

Condition Filter Dust
(mg/m3) i r Load (mg/cm¢

.36

T -~
Testing
- SR 1

| 4

110°F/100% relative humidity on three of the motors. To perform
these tests, the motors were individually placed in the environmental
test chamber and allowed to equilibrate to 1109 and 100% relative
humidity. The air samplers were then started, the voltages and sampler
flowrates initially noted, and additional voltages and flowrates record-
ed every 10 hours until failure, (Flowrate less than 4 SCFM was consid-
ered indicative of failure),
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lable V presents the observed flowrates as a function of the number of
hours of operation for each of the motors tested, The motors exhibited
uniform flowrates (to better than 10%) throughout their lifetime tests.
The operating lifetimes of the motors were 43, better than 65 hours, and
170 hours, Failure of all three motors was apparently due to factory
misalignment of the brushes with the commutator, as shown in Figure 5,
All failures occurred in less than five hours after flowrates began drop-
ping and amperage draw i1ncreased,

Failure Modes

The mode of failure of each of the TCSI motors tested on DC voltage,
based on inspection, was excessive bearing lubricant flowing onto the
commutator and/or brushes. The buildup of residu consisting of bearing
lubricant and brush carbon) between the brushes and the ommutator ap-
peared to preceed motor failure, The sequence of the tests performed,
in relation to temperature and humidity, had little or no affect on the
failure of the motors; motors failed even when the testing sequence was
varied from one condition to another,

The McT motor failures were apparently due t tor nisalignment of
the brushes with the commutator., The commutator would wear a 2 mm lip
n the brushes (the brushes were actually overhanging the ymmutator),
which would then fracture as the testing progressed (Figure 5), [t 1s
anticipated that the lifetime of the motors would have been greater if
the Drushes and comautator were pm;mrly aligned.




Table VI summarizes the total operating times for the TCSI and MET mo-
tors. The elapsed hours of operation listed are those accrued during
all phases of testing, until either the tests were completed or the mo-
tors failed.

TABLE V

LIFETIME TESTS - MET MOTORS
(1009F AND 100% Relative Humidity)

Flowrate (SCFM)

Hours of
Operation 1 4 5
1 5.56 5.16@ 5.82
? 5.68 6.54 5.98
20 5.69 6.60 5.96
30 5.13 5.90 5.09
40 5.15 6.16 4,592
50 5.14 6.18
60 4,802 6.48
70 6.48
80 6.45
90 6.43
100 6.28
110 6.27
120 6.34
130 6.40
140 6.42
150 6.35
160 4,382
170
180
190
Total Hours Operation 65 170 46
Ave Median Flow 5.39 6.35 5.71
(Ag, SCFM)
Standard Deviation 5.2% 2.8% 7.4%
‘S, Z)

4 Not used in overall average calculations

14



TABLE V1
ACTUAL RUN TIME FOR SAMPLERS AT THE CONCLUSION
OF THE TESTS AT THE INEL
(MET and TCSI Motors)

~ Sampler

~Power Supply  Total Hours
TCSI #5 AC 16.00

TCSI #5 DC -

TCSI #6 AC 15.50
TCSI #6 DC £ 18
TCSI #7 AC 15.58
TCSI #7 DC 5.23
TCSI #8 AC 15.75
TCSI #8 DC V.39
TCSI #10 AC 5.75
1CSI #10 DC 2.18

MET #] 0C
MET #2 DC
MET #3 DC
MET #4 DC
MET #5 DC
MET #7 )C
MET #10 DC




II1. CONCLUSIONS AND RECOMMENDATIONS
1. Conclusions

The conclusions of the TCSI motor evaluation for alternate use in the
BNL air sampler system are:

I. The motors provided uniform and reproducible flow to better
than 10 percent on AC voltage at all test temperatures;

2. The uniformity and repeatability on DC voltage was better than
20 percent, excluding low temperature tests. However, only one
out of the five motors tested operated satisfactorily at all
test temperatures;

3. The failure of the motors on DC voltage was due to excessive
flowing of bearing lubricant onto the commutator and/or brushes
and the buildup of residue on the brushes.

The conclusions of the MET motor evaluations for potential use in the
BNL Air Sampler System are:

1. The motors provided repeatability of flowrates to better than
10 percent at all test temperatures;

2. Uniformity was better than 20 percent, excluding one motor
testead at -200F;

3. The uniformity and repeatability was better than 15 percent
after 0.5 inches rain/bour and in dust-ladden air containing up
to 334 mg/m3 of <100 micron size dust;

4. The lifetimes of the three motors tested were approximately
188, 97, and 47 hours; these motors failed apparently due to
mtsalfgnment of the brushes with the commutator, causing uneven
bruch wear,

2. Recommendations

The MET motor manufactured by Minnesota Electric Technology Inc. (MET)
is the more appropriate motor to replace the original BNL Air Sampler
motor. However, because of the relatively high cost to purchase the MET
motors, incorporate them into the BNL Air Sampler design, and have the
samplers manufactured, it may be more cost effective to identify and
procure commercial air sampling equipment that will fulfill NRC needs.

‘ommercial air sampling equipment would also have several advantages: 1)
they are readily available, off-the-shelf items, 2) samplers can be pur-
chased that utilize more standard geometry cartridges; 2) the sampling
media cartridges would be less expensive due to pnysical size and quan-
tity of madia used; with greater selection and availability from a

16



number of commercial vendors; and, 4) greater flexibility exists in iden-
tifying an analysis system for quantifying the adsorbed radioiodines or
other radionuclides of interest contained on the sampling cartridges.

It is therefore recommended that candidate air sampling systems from
several commercial vendors be identified and tested to verify sampler
lifetimes and performance characteristics at environmental conditions

likely to be encountered during accident monitoring at a nuclear power
facility.

17
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APPENDI X A
EXPERIMENTAL DATA AND CALCULATIONAL METHODS

1. Experimental Data

Tables A-1 to A-6 are summary tables of the air sampler flowrates meas-
ured for the TCSI and MET motors. In the tables for each motor and each
test condition are: 1) the averages of the mediams of the range of flow-
rates (Ap); 2)the averages of the percent variation of the flowrate
ranges (,.S, 3)the percent standard deviations of the average median
flowrates SS); and 4)the maximum percent variations in the flowrate
rm?es (Vm). The definition of the terms and equations used are as
follows. (The calculational method is detailed in Section 2 of this
appendix).

M = (HeL)/2 (1)
v = ((H-L)/M) 100% (2)
n
Am = L MWn; (3)
1
n
Ar = I V/n; and (4)
1
n 2 i
S = ((Z ((M—Am ) )/(n-l))/Am) 100% (5)
where, 1
H is the maximum observed flowrate for an individual test.
L is the minimum observed flowrate for an individual test.
M is the median of the maximum (H) and minimum (A) observed flow-

rates for an individual test.

v is the percent variation of the flowrate range for an indivi-
dual test. Vg, is the largest of the observed percent varia-
tions of the Howrate ranges.

An is the average of the individual median flowrates (M).

Ar is the average of the individual percent variations (V).

n is the number of isdividual tests at a given test condition.

S is the percent standard deviation of the average median flow
rates (Ag).

In the tables, the standard deviation at a given test condition indicates
the repeatability of sampler flows under the conditioms. The standard
deviation of the overall averages gives the variation of median flow-
rates over the entire range of conditions tested. The average range
variation is a measure of the uniformity of flowrates during a given
test or group of tests. The maximum range variation is the largest range
of flow obser ed during a series of tests.

A-1



Equation 6 was used to correct the standard condition fiowrates to the
actual volumetric flowrates under the specific conditions:

Fy = FaltPs/TsPt (6)
where,

Fy is the actual volumetric sampler flowrate (CFM)Z;
Fm 15 the measured standard flowrate (SCFM);

Ty is the test temperature (9R);

Tg is the temperature at standard conditions;

Pg is the pressure at standard conditions (atm.); and
Pt is the test pressure.

The results of this comparison are shown in Tables A-7 to A-10 for the
TCSI motors on AC and DC power and in Table A-11 and A-12 for the MIT
motors on DC power. These data coincide to that presented earlier and
show the same trends. The uniformity and repeatability are less than
10% at the higher temperatures and decrease in uniformity with tempera-
tures below 0OF,

2. Calculational Methous

The method used for reduction of the experimental data is detailed below.
Presented are exampie calculations of the median flow ates (M), the per-
cent variation of the range of flowrates (V), the average of the indivi-
dual median flowrates (Ap), the average of the individual percent var-
iations (Ar), and the percent standard deviations (S) of the average
media flowrates. Selection of the maximum flowrate range variation
(Vm) is also shown. The method presented, unless noted in the text of
the report, was used to obtain the results in all tables of the report.

Example Calculation

At a given test condition, typically 5-10 individual tests were per-
formed. Assume for a series of five individual tests of an air sampler
the following maximum (4) and minimum (L) flowrates were observed.

(SCFM) Minimum and Maximum Flowrates

Test # L M



From these data the median flowrates (M) and the percent variation of
the flowrate ranges (V) are calculated for each of the 5 individual tests
using the equations M = (H+L)/2 and V = ((H-L)/M)100%. The results of
the calculations yield the following values of M and V for the individual
tests.

Test # (SCFM) M (%) V
1 4.60 1.3
2 4.73 S.1
3 4.49 1.3
R 4.46 2.%
5 4.52 1.3

Using the values of M and V from the 5 individual tests, the averages of
the individual median flowrates, (Ay), and percent variations of
the flowrate ranges, (A ), are then calculated, using equations 3 and
4. Accordingly, the calculated values of Ay and A. for these series
of five tests are 4.5 SCFM and 3.1%, respectively.

Based on the average median flowrates (Ap) and the media flowrates (M)
for the 5 individual tests, the percent standard deviations of the median
flowrate are calculated. The equation used is of the standard form:

S= Z(M-Amﬁ(n-l) VAMIOOI

The value of S for the example data set is therefore 2.37%. Lastly, to
obtain the maximum per.ent variation of the flowrate ran%es, Vi, the
largest calculated value of V (shown above) is selected. n this case
the value of Vy is the value of the second test, or 9.1%.
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TABLE A-1

REPEATABILITY OF STANDARD CONDITION(2) SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING
(TCSI Motors - AC Voltage)

Test Condition Ave Median Flow Standard  Number of

Temp (FO) RH(%)(b)  Sampler  (Ap, SCFM) Deviation(S) Tests (n)
110 100 5 4.49 0.8% 10
110 100 6 4.83 0.3% 10
110 100 7 5.06 0.9% 10
110 100 8 5.09 0.9% 10
110 100 10 4.23 0.3% 10
110 36 5 4,54 1.9% 10
110 36 6 5.11 0.7% 10
110 36 7 5.03 0.7% 10
110 36 8 5.01 0.9% 10
110 36 10 5.03 1.1% 10
90 100 5 5.03 0.4% 10
90 100 6 5.17 0.9% 10
90 100 7 5.48 0.8% 10
90 100 8 5.28 2.3% 10
90 100 10 5.21 0.7% 10
90 38 5 5.32 2.0% 10
90 38 6 5.47 1.4% 10
9 38 7 5.10 0.9% 10
90 38 8 5.56 2.7% 10
90 38 1C 5.39 1.5% 10
0 100 5 6.58 0.4% 10
0 100 6 6.74 1.1% 10
0 100 7 7.63 1.2% 10
0 100 8 7.00 0.5% 10
0 100 10 6.88 0.9% 10
-20 100 ¥ 7.05 1.0% 10
-20 100 6 7.04 1.5% 10
=20 160 7 8.07 0.6% 10
-20 100 8 7.15 1.9% 10
-20 100 10 7.22 0.7% 10
Overall Averages 5 5.50 18.0% 60
Overall Averages 6 5.73 14.9% 60
Overall Averages 7 6.06 21.3% 60
Overall Averages 8 5.85 15.3% 60
Overall Averages 10 5.76 16.4% 60

(a) Based on 209C and 760 mm Hg pressure.
(b) For tests performed at high relative humidities (100%), 1t should be
noted that a relative humidity of 100% was only estimated.
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TABLE A-2

UNIFORMITY OF STANDA”D CONDITION(2) SAMPLER FLOWRATES FOR
TEMPERATIRE /RELATIVE HUMIDITY TESTING
(TCSI Motors - AC Voltage)

Test Condicion Ave. Range Max. Range Number of
Temp (FO) RH(%)(P)  Sampler variation(A.) Variation (Vy) Tests (n)
110 100 5 2.4% 3.3% 10
110 100 6 1.5% 2.3% 10
110 100 7 1.8% 3.3% 16
110 100 8 2.8% 4.5% 10
110 100 10 1.5% 2.5% 10
110 36 5 2.8% 4.2% 10
110 36 6 1.5% 2.2% 10
110 36 7 2.6% 5.9% 10
110 36 8 3.6% 4.8% 10
110 36 10 2.0% 3.9% 10
90 100 5 3.0% 5.6% 10
90 100 6 2.3% 4.7% 10
90 100 7 1.8% 3.5% 10
90 100 8 2.9% 7.4% 10
90 100 10 1.3% 2.7% 10
90 38 5 2.4% 4.8% 10
90 38 6 2.0% 6.0% 10
90 38 7 1.7% 4.2% 10
90 38 8 1.8% 4.0% 10
90 38 10 2.0% 3.9% 10
0 100 5 1.3% 2.1% 10
0 100 6 1.7% 2.1% 10
0 100 7 3.7% 6.4% 10
0 100 3 2.2% 3.5% 10
0 100 10 1.5% 2.2% 10
-20 100 5 1.6% 2.3% 10
-20 100 6 1.9% 3.6% 10
-20 100 7 2.8% 6.5% 10
-20 100 8 3.4% 9.1% 10
-20 100 19 1.2% 2.5% 10
Overall Averages 5 2.3% 3.7% 60
GCverall Averages 6 1.8% 3.5% 60
Overall Averages / 2.5% 5.0% 60
Overall Averages 8 2.8% 5.6% 60
Overall Averages 10 1.6% 3.0% 60

(a) Based on 20°C and 760 mm Hg pressure.
(b) For tests performed at high relative humidities (100%), it should be
noted that a ~elative humidity of 100% was only estimated.
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TABLE A-3

REPEATABIL .Y OF STANDARD CONDITION(‘) SAMPLEP FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTIna
(TCSI Motors - DC Voltage)

Test Condition Ave Median Flow Standard  Number of
Temp (FO) RH%(D)  sampler  (Ay, SCFM) Deviati~n(S) Tests (n)

110 100 5 (d) (d) 0

110 100 6 (c) (c) 5

110 100 7 (c) (c) 3

il0 100 8 4.65 5.1% 10

110 100 10 (d) (d) 0

110 36 5 (d) (d) 0

110 36 6 (d) (d) 0

110 36 7 s.11 7.1% 8

110 36 8 4.76 6.2% 10

110 36 10 (d) (d) 0

90 100 5 (d) (4, 0

90 100 6 (d) ) e

90 106 7 (d) (a) 0

90 100 8 5.36 4.6% 10

90 100 10 (d) (d) 0

90 38 5 (d) (d) 0

90 38 6 (d) (d) 0

90 38 7 (d) (d) 0

90 38 8 5.74 3.6% 10

90 38 10 (c) (c) 6

0 100 5 4,97 17.0% 10

0 100 6 (d) (d) 0

0 100 7 (d) (d) 0

0 100 8 6.98 11.0% 10

0 100 10 (d) (d) 0

-20 100 5 4.88 15.7% 10

-20 100 6 (d) (d) 0

-20 100 7 (d) (d) 0

-20 100 8 8.05 12.1% 10

-20 100 10 (d) (d) 0

Overall Averages 5 4,92 16.0% 20

Overall Averages 6 4.91 9.8% 5

Overall Averages 7 4.85 11.5% 11

Overall Averages 8 5.92 22.6% 60

Overall Averages 10 4,74 11.3% 6

(a) Based on 20°C and 760 mm Hg pressure.

(b) For tests performed at high relative hun.dities (100%), it should be
noted that a relative humidity of 100% was only estimated.

(c) The tests were rot included in the cvecall average calculatiors.

(d) Sampler was nonoperational due to prior mctor failure.
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[ABLE A-4

UNIFORMITY OF STANDARD CONDITION(Q) SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDiTY TESTING
(TCSI Motors - DC Voltage)

Test Condition Ave Range Max. Range Number of
Temp (FO) RH%(D) Sampler variation (A.)  Variation (Vp) Tests (n)

110 100 S éd ' g 0

110 100 6 c \c 5

110 100 7 (c) (c) 3

110 100 8 5.6% 11.1% 10

110 100 10 (d) (d) 0

110 36 5 (d) (d) 0

110 36 6 (d) (d) 0

110 36 7 14.8% 30.1% 8

110 36 8 6.1% 15.5% 10

110 36 10 (d) (d) 0

90 100 5 (d) (d) 0

90 100 6 (d) (d) 0

90 100 7 (d) (d) 0

90 100 8 6.4% 12.6% 10

90 100 10 (d) (d) 0

90 38 5 (d) (d) 0

90 38 6 (d) (d) 0

90 38 7 (d) (d) 0

90 38 8 4.4% 14.0% 10

90 38 10 (c) (c) 6

0 100 5 15.5% 80.0% 10

0 100 6 (d) (d) 0

0 100 7 {d) (d) 0

0 100 8 5.6% 29.8% 10

0 100 10 (d) (d) 0

-20 100 5 17.2% 35.4% 10

-20 100 6 (d) (d) 0

-20 100 7 (d) (d) 0

-20 100 8 7.6% 45.0% 10

-20 100 10 (d) (d) 0

Overall Averages 5 -- -~ --

Overall Averages b -- -- --

Overall Averages 7 -- .- --

Overall Averages S 6.0% 21.3% 60

Overall Averages 10 -- -- --

a) Based on 20°C and 760 mm Hg pressure.

b) For tests performed at high relative humidities (100%), i* should be
noted that a relative humidity of 100% was only estimated.

¢) The tests were not included in the overall average calculatiors.

d) Sampler was nonoperational due to prior motor “ailure.

(
(
(
(
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TABLE A-5

REPEATABILITY OF STANDARD CONDITION(2) SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING

(MET Motors)

Test Conditon Ave Median Flow Standard Number of
Teap (FO) RH(%)(P)  Sampler  (Ay, SCFM) Deviation(S) Tests (n)

110 100 1 5.58 1.9% 10

110 100 2 4,91 1.7% 10

110 100 3 5.48 4.7% 10

110 100 7 5.18 0.7% 10

110 100 10 5.14 4.6% 10

110 36 1 5.71 2.3% 10

110 36 2 4.67 4.3% 10

110 36 3 5.41 3.0% 10

110 36 7 5.16 0.8% 1C

110 36 10 5.40 0.6% 10

90 100 1 5.79 3.5% 10

90 100 2 5.06 4.7% 10

90 100 3 5.65 3.9% 10

90 100 7 5.58 0.7% 10

90 100 10 5.98 1.7% 10

90 38 1 5.99 3.2% 10

90 38 2 4.93 4.8% 10

90 38 3 5.45 1.2% 10

90 38 7 5.52 1.1% 10

90 38 10 5.90 3.6% 10

0 100 1 6.85 6.0% 10

0 100 2 5.58 5.9% 10

0 100 3 5.95 5.5% 10

0 100 7 7.36 1.3% 10

0 10C 10 6.48 5.4% 10

-20 100 1 7.04 5.4% 10

-20 100 2 5.44 2.6% 10

-20 100 3 5.85 4.5% 10

-20 100 7 7.85 0.5% 10

-20 100 10 6.32 4.2% 10

Overall Averages 1 6.16 10.3% 60

Overall Averages 2 5.10 8.4% 60

Overall Averages 3 5.63 5.4% 60

Overall Averages 7 6.11 17.9% 60

Overall Averages 10 5.87 9.0% 60

(a) Based on 20°C and 760 mm Hg pressure.
(b) For tests performed at high relative humidities (100%), it should be
noted that a relative humidity of 100% was only estimated.
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TABLE A-6

UNIFORMITY OF STANDARD CONDITION(‘) SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING
(MET Motors)

Test Cendition Ave Range Max. Range Number of
Temp (F0) RH(%)(D) sampler variation(Ap) Variation(Vy)  Tests (n)

110 100 1 4.7% 9.0% 10

110 100 2 3.2% 11.0% 10

110 100 3 9.0% 33.5% 10

110 100 7 1.8% 4.1% 10

110 100 10 6.7% 14.8% 10

110 36 1 6.4% 19.4% 10

110 36 2 6.2% 24.5% 10

110 36 3 7.5% 22.9% 10

110 36 7 2.4% 4.5% 10

110 36 10 4.5% 10.1% 10

90 100 1 5.6% 11.6% 10

90 100 2 7.5% 29.6% 10

90 100 3 8.2% 23.5% 10

90 100 7 1.3% 2.7% 10

S0 100 10 3.6% 12.0% 10

90 38 1 6.1% 16.0% 10

90 38 2 6.0% 32.2% 10

90 38 3 3.7% 6.5% 10

90 38 7 3.2% 6.7% 10

90 38 10 5.9% 24.0% 10

0 100 1 15.4% 38.5% 10

C 100 2 16.9% 42.1% 10

0 100 3 10.1% 28.8% 10

0 100 7 1.6% 3.1% 10

0 100 10 6.0% 20.0% 10

-20 100 1 12.7% 22.2% 10

-20 100 2 22.7% 63.9% 10

-20 100 3 8.2% 23.2% 10

-20 100 7 0.9% 2.1% 10

-20 100 10 4.8% 20.7% 10
Overall Averages 1 8.5% 19.5% 60
Gverall Averages 2 10.4% 33.9% 60
Overall Averages 3 7.8% 23.1% 60
Overall Averages 7 1.9% 3.9% 60
Gverall Averages 10 5.3% 16.9% 60

(a) Based on 200C and 760 mm Hg pressure.
(b) For tests performed at high relative humidities (100%), it should be
noted that a relative humidity of 100% was only estimated.







TABLE A-8

UNIFORMITY OF ACTUAL VOLUMETRIC SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING
(TCSI Motors - AC)

Test Condition Ave Range Max. Range Number of
Temp (FO) RH%\3) Sampier Variation (A.) Variation (Vgy) Tests (n)

110 100 5 2.4% 3.3% 10

11C 100 6 1.5% 2.3% 10

110 100 7 1.9% 3.4% 10

110 100 3 2.8% 4.6% 10

110 100 10 1.5% 2.6% 10

110 36 5 2.8% 4.2% 10

110 36 6 1.5% 2.2% 10

110 36 7 2.6% 5.9% 10

110 36 8 3.5% 4.8% 10

110 36 10 2.0% 3.8% 10

90 160 5 3.0% 5.5% 10

90 100 6 2.3% 4.6% 10

90 100 7 1.8% 3.5% 10

90 100 8 3.0% 7.6% 10

90 100 10 1.3% 2.6% 10

90 38 5 2.5% 4.8% 10

90 38 6 2.0% 6.1% 10

90 38 7 1.7% 4.2% 10

90 38 8 1.8% 3.2% 10

90 38 10 2.0% 4,0% 10

0 100 5 1.2% 2.1% 10

0 100 5 1.7% 2.2% 10

0 100 7 3.7% 6.4% 10

0 100 8 2.3% 3.6% 10

0 100 10 1.4% 2.2% 10

-20 100 5 1.5% 2.2% 10

-20 100 6 1.8% 3.6% 10

-20 100 7 2.8% 5.4% 10

-20 100 8 3.4% 9.0% 10

=20 100 10 1.2% 2.5% 10

Overall Averages 5 2.3% 3.7% 60

Overall Averages 6 1.8% 3.5% 60

Overall Averages 7 2.5% 5.0% 60

Overall Averages 8 2.8% 5.6% 60

Overall Averages 10 1.6% 3.0% 60

(a) For tests performed at high relative humidities (100%), it should be
noted that a relative humidity of 100% was only estimated.
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TABLE A-9

REPEATABILITY OF ACTUAL VOLUMETRIC SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING
(TCSI Motors - DC)

Test Condition Ave Median Flow Standard Number of
Temp (FO) pH%{a)  Sampler  (Ap, ACFM) Deviation(S) Tests (n)

110 100 5 (c) (c} 0

110 100 6 (c) (b) 5

110 100 7 (c) {c) 3

110 100 8 5.95 5.1% 10

110 100 10 (c) (c) J

110 36 5 (c) (c) 0

110 36 6 (c) (c) 0

110 36 7 6.54 7.1% 8

110 36 8 6.09 6.1% 10

110 36 10 (c) (c) 0

90 100 5 (c) (c) 0

90 100 6 (c) (c) 0

90 100 7 (c) (c) 10

90 100 8 6.64 4.6% 0

90 100 10 (c) (c) 0

90 38 5 (c) (c) 0

90 38 6 (c) (c) 0

90 38 7 (c) (c) 0

90 38 8 7:11 3.6% 10

90 38 10 (b) (b) 6

0 100 5 5.09 17.0% 10

0 100 6 (c) (c) 0

0 100 7 (c) (c) 0

0 100 8 7.19 11.0% 10

0 100 10 {c) (c) 0

-20 100 5 4.83 15.7% 10

-20 100 6 (c) (c) 0

-20 100 7 (c) (c) 0

-20 100 8 7.97 12.1% 10

-20 100 10 (c) (c) 0

Overall Averages 5 - -- --

Overall Averages 6 - -- --

Overall Averages 7 - -- -

(verall Averages 8 6.83 12.9% 60

Jverall Averages 10 -- -- --

fa) For tests performed at high relative humidities (100%), it should be
noted that a relative humidity of 100% was only estimated.

(b) The tests were not included in the overall average calculations.

(c) Sampler was nonoperational due to prior motor failure.
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TABLE A-10

UNIFORMITY OF ACTUAL VOLUMETRIC SAMPLER FLOWRATES FOR
TEMPERATURE /RELATIVE HUMIDITY TESTING
(TCSI Motors - DC Voltage)

Test Condition Ave Range Max. Range Number of
Temp (FO) RH%(3) Sampler Variation (Ap) Variation (Vp) Tests (n)
110 100 5 (c) (¢) 0
110 100 6 (b) (b) 5
110 100 7 (b) (c) 3
110 100 8 5.6% 11.1% 10
110 100 10 (c) (c) 0
110 36 5 (c) (c) 0
110 36 6 (c) (c) 0
110 36 7 14.8% 30.1% 8
110 36 8 6.1% 15.5% 10
110 36 10 (c) (c) 0
90 100 5 (c) (c) 0
90 100 6 (c) (c) 0
90 100 7 (c) (c) 10
90 100 8 6.4% 12.6% 0
90 100 10 (c) (c) 0
90 38 5 (c) (c) 0
90 38 6 tc) (c) 0
0 38 7 c) (c) 0
90 38 8 4.4% 14.0% 10
0 38 10 (b) (b) 6
0 100 5 15.5% 80.0% 10
0 100 6 (c) (c) 0
0 100 7 (c) (c) 0
0 100 8 5.6% 29.8% 10
0 100 10 (c) (¢) 0
-20 100 5 17.2% 38.7% 10
-20 100 6 (¢) (c) 0
-20 100 7 (c) (c) 0
-20 100 8 7.6% 45.0% 10
-20 100 10 (c) (c) 0
Overall Averages 5 -- - .o
Overall Averages 6 - -- .-
Overall Averages 7 -- -- --
Overall Averages 8 6.0% 21.3% 60
Overall Averages 10 -- -- --

(a) For tests performed at high relative humidities (100%), it should be
noted that a relative humidity of 100% was only estimated.

b) The tests were not included in the overall average calculations.
icg Sampler was nonoperational due to prior motor failure.
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TABLE A-11

REPEATABILITY OF ACTUAL VOLUMETRIC SAMPLER FLOWRATES FOR
TEMPERATURE/RELATIVE HUMIDITY TESTING

(MET Motors)

Test Condition

Ave Median Flow Standard

Number of

Temp (FO) RH(%){3) Sampler  (Ap, ACFM) Deviation(S) Tests (n)
110 100 1 7.15 1.9% 10
110 100 2 6.29 1.7% 10
110 100 3 7.00 4.8% 10
110 100 7 6.62 0.7% 10
110 100 10 6.57 4.6% 10
110 36 1 7.27 2.7% 10
110 36 2 5.97 4.4% 10
110 36 3 6.92 3.0% 10
110 36 7 6.60 0.7% 10
110 36 10 6.90 0.7% 10
90 100 1 7.17 3.6% 10
90 100 2 6.27 4.7% 10
90 100 3 7.00 4.0% 10
90 100 7 6.91 0.7% 10
90 100 10 7.41 1.7% 10
30 38 1 7.42 3.1% 10
90 38 2 6.11 4.8% 10
90 38 3 6.76 1.6% 10
90 38 7 6.84 1.1% 10
90 38 10 7.31 3.6% 10
0 100 1 7.05 6.0% 10
0 100 2 5.74 5.9% 10
0 100 3 6.12 5.5% 10
0 100 7 7.48 4.0% 10
0 100 10 6.67 5.4% 10
-20 100 1 6.97 5.4% 10
-20 100 2 5.38 9.6% 10
-20 100 3 5.79 4.4% 10
-20 100 7 7.77 0.5% 10
-20 100 10 6.25 4.2% 10
Overall Averages 1 7.17 4.4% 60
Overall Averages 2 5.96 7.5% 60
Overall Averages 3 6.60 8.2% 60
Overall Averages 7 7.04 6.6% 60
Overall Averages 10 6.85 7.0% 60

{a) For tests performed at high relative humidities (100%), it should be

noted that 2 relative humidity of 100% was only estimatad.
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