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Abstract: This document reports the results of testing four different
fiow meters for use in the primary exhaust ventilation ducts of Double
She1l Tanks on the hydrogen watch 1ist that do not already have this
capability. This currently includes tanks 241-AW-101, 241-AN-103, 241-
AN-104, 241-AN-105 and 241-SY-103. The anticipated airflow velocity in
these tanks range from 0.25 m/s (50 ft/min) to 1.78 m/s (350 ft/min).
Past experiences at Hanford have forced the evaluation and selection of
instruments to be used at the Tow flow and relatively high humidity
conditions found in these tanks. Based on the results of this test, a
flow meter has been chosen for installation in the primary exhaust
ventilation ducts of the above mentioned waste tanks.
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TEST REPORT OF EVALUATION OF PRIMARY EXHAUST VENTILATION
FLOW METERS FOR DOUBLE SHELL HYDROGEN WATCH LIST TANKS

1.0 INTRODUCTION

This document is a report on the results of testing four different flow meters
using three different technologies for use in the primary exhaust ventilation
ducts of Double Shell Tanks on the hydrogen watch 1ist that do not already
have this capability. This currently includes tanks 241-AW-101, 241-AN-103,
241-AN-104, 241-AN-105 and 241-SY-103. The anticipated airflow velocity in
these tanks range from 0.25 m/s (50 ft/min) to 1.78 m/s (350 ft/min). Past
experiences at Hanford are forcing the evaluation and selection of instruments
to be used at the low flow and relatively high humidity conditions found in
these tanks.

The objective of the testing was to measure the accuracy, step response and
response to high humidity of the four flow meters over the velocity rapge of
0.066 m/s (13 ft/min) to 2.25 m/s (442 ft/min) [flow range of 4.7E-3 m /s (10
cfm) to 0.16 m’/s (340 cfm) for a 12" duct]. A full scale mock-up of a
typical exhaust duct in the valve pits was used for testing because the duct
configuration is less than optimum for flow instrumentation. Flow meters
generally work best with laminar flow through the duct being used. Typically,
the flow meter vendors desire five diameters of straight duct downstream of
the flow meter and ten to twenty diameters of straight duct upstream of the
flow meter to provide accurate readings. In a typical valve pit arrangement
there are only ten diameters of unperturbed duct in which to position the flow
element.

Testing was performed by representatives from ICF-KH Analytical Services
(5A620) and WHC Equipment Development (8A200) from 5/22/96 to 6/26/96 in the
high bay of the 306E building. The procedure used is contained in
WHC-SD-WM-TP-441, Test Plan for Evaluation of Primary Exhaust Ventilation Flow
Meters for Double Shell Hydrogen Watch List Tanks.

2.0 DESCRIPTION OF TEST

A1l flow meters were tested with manufacturer's factory calibration. Only the
zero-cutoff points (set as Tow as possible) and response times (set as quick
as possible) were changed.

A full-scale mockup of the ductwork in a typical tank farm ventilation pit was
set up in the 306E Building in the 300 Area. The mockup is schematically
shown in Figure 1.

To determine floy meter accuracy a controlled and measured volume of air
(4.7E-3 - 0.16 m3/s [10-340 scfm]) was sent through the ductwork and was
measured by the four flow meters tested. A calibrated laminar flow element in
an ideal configuration was used as the basis of comparison.

The step response of the flow meters was tested also. The requirement is for
a response time of less than ten seconds (measured from 10% to 90% of flow
rate change) for a 50% increase or decrease from the nominal flow rate.
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The response to humidity was tested by introducing moisture into the airstream
with a spray nozzle to maintain a relative humidity range of 50% - 90%. Each
flow meter measured a constant flow over a forty-eight hour period to
determine the effect of the humidity.

A stability test was performed by holding the flow at a steady rate for 24
hours at ambient temperature and humidity.

The need for additional tests developed as the testing progressed. For
example, the effect of probe insertion depth was examined as well as the
effect of the butterfly valve position.

2.1 Test Items
The four flow meters that were tested are listed as follows:

4] Air Monitor Corporation MASS-tron II and Volu-probe/l. The MASS-tron II
is an ultra-low range differential pressure transmitter that is used in
conjunction with the Volu-probe/l airflow traverse probe. The traverse
probe measures total pressure and static pressure across the diameter of
the duct. The difference of these two pressures is the velocity
pressure, which is proportional to air flow. An airstream temperature
signal (4-20 mA) is an additional input signal used by the MASS-tron II
to calculate and output the actual volumetric flow rate. The specified
output of the MASS-tron II is a 4-20 mA signal (0-397 scfm). The
standard volumetric flow rate can be calculated if the gas pressure and
gas mass density at actual conditions are known.

0 Intek, Inc. Rheotherm® Model IIID-IXD-NPT/2I(ADJ)-4/20-1SB. (Rheotherm
and Intek are registered trademarks of Intek, Inc.) The Rheotherm® Model
ITID is a thermal mass flow meter that measures ambient temperature
inside the duct and then heats an adjacent RTD to a set difference above
ambient. The air molecules flowing past the heated element take away
heat proportional to the velocity of the airflow. The specified output
of the Rheotherm® is a 4-20 mA signal proportional to the standard
volumetric flow rate (scfm), but is Tinear only over the 6-20 mA range
(45-350 scfm).

0 Panametrics Model GP68 General Purpose Flowmeter. The Model GP68 is a
transit time ultrasonic flow meter. Two transducers are mounted at a
forty-five degree angle across the diameter of the duct. Ultrasonic
pulses are sent both upstream and downstream and the difference in pulse
transit time is proportional to the airflow velocity. The specified
output of the GP68 is a 4-20 mA signal proportional to the standard
volumetric flow rate (scfm) and is programmable in the range of 5 to 7000
scfm fgr a 12" diameter duct. For testing the maximum output was set at
400 scfm.

0 Sierra Instruments, Inc. Model 640-FM-L13-E2-PV1-V4-NR. The Model 640 is
another thermal mass flow meter. It is similar in operation to the
Rheotherm® Model IIID. The specified output of the Model 640 is
a 4-20 mA signal proportional to the standard volumetric flow rate,
Tinear over the entire 4-20 mA range (0-300 scfm).
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3.0 TEST METHOD AND TEST EQUIPMENT

Testing took place in the high bay of the 306F Laboratory in the 300 Area
under ambient temperature and humidity conditions. The high humidity portion
of the test required the addition of moisture into the airstream to increase
the relative humidity.

3.1 Equipment and Facilities

A full-scale mockup of the ductwork in a typical ventilation pit was required
for this testing. See Figures 1, la and 1b for design details.

The instruments used for testing are listed below:

. Laminar Flow Element, Meriam Instrument Model 50MC2-4, nominal 400 scfm
air flow at 8" wc and 70 degrees F and 29.92" Hg absolute.

. Ashcroft ATE-100 Handheld Pressure Calibrator, Port 1: 0-25 in.H,0 input
range. Output via RS-232 port.

. Absolute Pressure Transmitter, Rosemount Model 3051C, 0-30 psia input
range, 4-20 mA output.

. RTD, Platinum, 100 Ohm, DIN 385, Gordon Model RFHLOTK1OOCA200.

. Temperature Indicator/Transmitter, Newport Electronics Model
INFU-0010-DC1. Configured for a DIN 385 4-wire 100 ohm RTD.

. Computer, AST Premmia 486/33, with National Instruments Labview Software
installed.

. National Instruments data acquisition hardware to match software.

. Power Supply, 120V AC input, 24V DC output, to support pressure
instruments, humidity probe and MASS-tron II flow meter.

. Humidity probe, Hy-Cal Model CT-880-C-8-H-(0/100%), 4-20 mA output
proportional to 0-100 % relative humidity.

3.2 Data

The test data was collected by the computer as well as written down on the
test data sheets or in the test log. All data was processed using Microsoft®
Excel Version 5.0. (Microsoft is a registered trademark of Microsoft
Corporation in the United Strates and other countries.) In most cases data
samples were taken at five second intervals over a thirty second period. Then
these six or so samples were averaged to produce a data point for graphing
purposes.

The computer data has been stored on a 3.5" floppy disk and can be retrieved
and analyzed in the future. Since there is no mechanism in place for Document
Control to store magnetic media, both W. E. Willingham Jr. and T. C. Schneider
will retain copies of the test data and Excel files on a floppy disk. A CD-
ROM may be made of the data for more permanent storage.

3
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Figure 1b Humidity Probe, Butterfly Valve and Flowmeter Under Test
5
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4.0 TEST RESULTS
4.1 Ambient Tracking Test Summary

For the ambient tracking test, the reference flow was started at 4.7E-3 sm’/s
(10 scfm) and then increased to 0.16 sm/s (340 scfm) in a series of steps.
At each step the test flow was allowed to settie and then data samples were
recorded every five seconds over a thirty second period. This data was
averaged to produce the final values used for evaluation purposes. Figures 2
through 5 (Appendix A) show the test velocity and the criteria bounds for the
reference velocity (+ 0.0762 m/s [15 ft/min]) for the four flow meters. Only
the Air Monitor Corporation MASS-tron I1 stayed within the bounds throughout
the required velocity range (0.15 - 2.03 m/s [30 - 400 ft/min]).

4.2 Valve Position Test Summary

For the valve position test the test flow was set at 0.0472 snP/s (100 scfm)
and then the position of the butterfly valve was varied from full open (90°)
to almost closed (10°). Data was recorded at five second intervals for a
minimum of thirty seconds at each position after the flow_ had settlied. The
test was then repeated with the test flow set at 0.118 sm’/s (250 scfm)._ (In
the test of the Panametrics GP68 the reference flow was set at 0.0472 snP/s
and 0.118 sm’/s (100 and 250 scfm).)

As seen in Figure 6, the amount of valve opening did not significantly affect
one flow meter more than the others. No large decrease in flow was noticed
until the butterfly valve was at about 45 degrees, or half closed. (The
individual flow meter test results are shown in Figures 29-32.)

4.3 Step Response Test Summary

For the step response test the reference flow was set to 0.0472 sm’/s (100
scfm). Data was recorded at one second intervals while the end of the 12"
duct was blocked with cardboard and thep opened. The test was then repeated
with the reference flow set at 0.118 sm’/s (250 scfm). In all cases the
reference flow decreased by some amount but not as much as the test flow.
This was due to the compressibility of the air, the minor leakage in the
system and large volume of ductwork between the reference flow meter and the
test flow meter.

The Air Monitor Corporation MASS-tron II had a step response time of less than
five seconds (Figure 7). The output was under-dampened with some overshoot.

The Intek Rheotherm® had a highly dampened response with no user-accessible
adjusgments (Figure 8). Its response time ranged from forty to one hundred
seconds.

The Panametrics GP68 had a response time of less than ten seconds but it took
several seconds to make the step change apparently due to signal processing
time (Figure 9). This is more apparent at the higher flow rate but is also
evident at the lower flow rates.

The Sierra Model 640 had a response time of about ten seconds (Figure 10).
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4.4 24 Hour Stability Test Summary

For the 24 hour stability tests the reference flow was set at 0.076 sm/s (160
scfm) and all inputs were recorded at twelve minute intervals over a twenty-
four hour period. A1l flow meters were set at the most sensitive (lTeast
dampened) setting. A1l flow meters performed equally well during this test.

During the Air Monitor Cgrporation MASS-tron II test the reference flow varied
between 0.074 - 0.077 sm’/s (157 - 163 scfm) while the test flow measured
between 0.076 -~ 0.080 sm’/s (160 and 170 scfm). See Figure 11.

During the Intek Rheotherm® test the reference flow varied between 0.073 -
0.078 sm/s (154 - 166 scfm) while the test flow measured between 0.059 -
0.062 sm°/s (127 - 131 scfm). See Figure 12.

During the Panametrics GP68 test the reference flow varied between 0.075 -
0.079 sm>/s (158 - 167 scfm) while the test flow measured between 0.063 -
0.070 sm’/s (134 and 148 scfm). See Figure 13.

During t?e Sierra Model 640 test the reference flow varied between 0.073 -
0.077 sm>/s (155 - 163 scfm) while the test flow measured between 0.079 -
0.087 smz/s (168 - 184 scfm). See Figure 14.

4.5 48 Hour Humidity Test Summary

For the forty-eight hour humidity tests the reference flow was set at 0.076
sm’/s (160 scfm) and then pressurized air and water were injected through a
spray nozzle into the upstream end of the 12" duct. This kept the relative
humidity around 90%, depending on the ambient humidity conditions. Data was
collected at twelve minute intervals over a forty-eight hour period. See
Figures 15 through 18.

It appears that the two thermal mass flow meters collected condensation on
their sensors which made the test flows show a full upscale value. When the
water droplet eventually fell off the sensors the process repeated itself.

The ultrasonic flow meter and the pitot-tube flow meter were not so much
affected by the humidity. The two thermal mass flow meters were retested for
twenty-four hours with the probes mounted in a 4 o'clock position in attempt
to minimize condensation on the tip of the sensors. As seen in Figures 19 and
20, this did not solve the problem as the output signals still increased to
the full upscale value after a period of time.

4.6 Other Tests
4.6.1 Insertion Depth Test

Insertion depth tests were performed on the two thermal mass flow meters.
Marks were made on the bodies of the flow meters such that five insertion
depths put the sensor at the center of five circles of equal area. The flow
rates at the five different insertion depths were averaged to produce a
correction factor. The correction factor (K) can be used to calculate the
average flow based on the centerline flow. K should be essentially constant
over a flow range of 10:1, but in this case it was not. Tests were run at
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0.0472 sm’/s (100 scfm) and at 0.0944 sm’/s (200 scfm) that produced different
results.

For the Intek Rheotherm® (see F1gur§ 21), the K value at 0.0472 sm /s (100
scfm) was 0.8434 while at 0.0944 sm’/s (200 scfm) the K value yas 0.8640. For
the Sierra Model 640 (see F1gure 22), the K value at 0.0472 sw /s (100 scfm)
was 0.9146 while at 0.0944 sm /s (200 scfm) the K value was 0.8872. This
would seem to confirm that the velocity profile is not the ideal fully
developed turbulent profile that flow meter manufacturers desire.

4.6.2 Panametrics Parameter Variation Test

For this test two programmable inputs were varied to determine the effect of
inaccurate probe distance calculations or measurements. See Figures 23 and
24. The "P" dimension is the transducer face to face distance and the "L"
dimension is the axial projection of P in the flow stream. With the flow
constant, the programmable values of "P" and "L" were varied_over a one inch
range. It was found that at a nominal flow rate of 0.066 smP/s (140 scfm)
that a 0.0254 m (1 inch) increase in "P" increased the apparent flow by 6.1 E-
3 sm’/s (13 scfm)._ A 0.0254 m (1 inch) increase in "L" decreased the apparent
flow by 5.7 E-3 sm /s (12 scfm). This indicates that slight errors in
measurement of distances while setting up the flow meter would not severely
affect the indicated flow rate.

4.7 Installation Assessment

During testing an informal assessment of installation requirements was made.
The three insertion-type probes were the easiest to install and set up. The
two thermal mass flow meters were mounted in a saddle clamp with a 0.019 m
(3/4") compression fitting (Figure la). The traverse probe was attached
directly to the pipe. The ultrasonic flow meter required that two holes be
made in the duct at the correct distance from each other and opposing each
other. Two angled spool pieces were clamped around the pipe on opposite sides
to give a 45° angled path across the pipe (Figure 1b).

4.8 Cost Considerations
The as-purchased costs for the flow meters were as follows:

eSierra Instruments $1877

eIntek Rheotherm® $4639

ePanametrics GP68 $5775

*Air Monitor Corporation MASS-tron II $2100

Air Monitor Corporation Volu-probe I § 700

RTD and Temperature Transmitter $ 300

$3100

On top of procurement costs, installation costs must be considered. The
Panametrics GP68 installation would be the most labor intensive due to the two

holes required in the duct and the precision needed in Tocating the holes.

8
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FIGURE 1¢ — INSERTION-TYPE FLOW METER MOUNTING
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FIGURE 14 — ULTRASONIC FLOW METER MOUNTING
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The other three flow meters require only one hole be cut and the location is
not as critical.

4.9 Calibration

Calibration of the two thermal mass flow meters must be performed in a
calibrated flow stream of controlled gas composition. Calibration of the
MASS-tron II is done by applying a calibrated pressure to the input ports.
The Panametrics GP68 is not physically calibrated but all flowcell
characteristics must be entered prior to use. These parameters include axial
dimension, path length, pipe type, pipe inside diameter and gas type. Only
the analog output is actually calibrated.

4.10 Deviations, Discrepancies, Exceptions and Anomalies

The flow meters were ordered for use in a 12" Schedule 40 pipe (0.303 m
[11.938"] inside diameter). Testing was performed in a PVC 12" pipe with an
0.302 m (11.875") inside diameter. This difference in diameters adds about a
1% error to the displayed flow.

The first anomaly occurred during the 24 hour stability test of the Sierra
flow meter when the batteries in the Ashcroft differential pressure
transmitter wore out part way through the test. A dc power supply was found
for use instead of the batteries and the test was repeated.

A second anomaly occurred when the step response test procedure did not work
as anticipated. The bypass port did not allow enough airflow through to
change the main (test) flow by fifty percent. Instead, a piece of cardboard
with a small hole in it was used to block off the outlet of the 0.305 m (12")
duct and thus reduce flow by at least fifty percent.

During the 48 Hour Humidity Test of the Intek Rheotherm® channel 0 of the data
acquisition failed. This caused the temperature to apparently increase by
twenty degrees F. The temperature signal was moved to another channel and
testing of the other flow meters continued. The test was not repeated because
the test flow signal had already saturated at the time of failure and remained
saturated for the duration of the test. See Figure 16.

After testing was thought to be complete, a leak was discovered in the
diffuser box. Speculation is that the humidity testing caused the plywood box
to swell and shrink, causing gaps to be formed at the seams. The tracking
test was then performed on the Intek flow meter before the box was sealed and
again performed after the box was sealed. The flow measured before the box
was sealed was the same as was measured when testing started. The measured
flow increased by about 1.9E-3 sm3/s (4 scfm) throughout the range after the
box was sealed. While this may have affected some of the test results, the
final outcome of testing would not have been changed.

11
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4.11 Retests

During the review of the test results, several questions were brought up. The
first question was regarding the step response test and the 1ittle change of
flow through the reference flow element when the flow past the test flow meter
was restricted. The second question was regarding the valve position test and
the lack of tracking between the reference and test flow meters. The thought
was that blocking the exhaust port could cause some back pressure / turbulence
around the test flow meter. For this reason, the test setup was reconfigured
such that the fan pulled air through the system (Figure le) and the step
response and valve position test were repeated using the Air Monitor
Corporation MASS-tron II flow meter.

When the reconfigured system was first activated the diffuser box tended to
collapse and pulled some of the seams open. The box was then repaired, braced
and completely sealed with duct tape. The flow was controlled by throttling
the flow downstream of the blower. When the flow was reduced below 100 scfm
with the butterfly valve open (>10°), turbulance caused by the fan created
erratic readings from the test flow meter. (Controlling flow with the inlet
valve caused the diffuser box to tend to collapse.)

As seen in Figures 33 and 34, the reference and test flows tracked closely
during the step response and valve position tests. These test results can be
compared with Figures 7 and 29, respectively. Based on these test results,
the indicated placement of the flow meter (per Figure 1) near the butterfly
valve will not be a problem in the field installation.

5.0 CONCLUSIONS AND RECOMMENDATIONS

After completion of all testing, the Air Monitor Corporation MASS-tron II is
recommended for use in our application. It tracked the reference flow meter
within + 0.08 m/s (15 ft/min) over the range of 0.15 to 2.03 m/s (30 to 400
ft/min). It was least affected by high humidity. The step response time was
less than ten seconds. It is relatively inexpensive and not difficult to
install.

A1l flow meters had merit but the MASS-tron II appears to be the most suitable
for our application. The two thermal mass flow meters did not perform well in
high humidity conditions and the ultrasonic flow meter is more expensive to
procure and install. In fairness to all flow meters, the data from the
ambient tracking tests was normalized by multiplying the test velocities by a
normalization factor equal to the peak reference velocity divided by the peak
test velocity for that flow meter. This data, shown in Figures 25-28, shows
that the accuracy performance of all flow meters could be improved by
adjusting the gains of the systems.

Note: The installation design must be reviewed by the Flammable Gas Equipment
Advisory Board prior to installation of the flowmeters.

6.0 DISPOSITION OF TEST ITEMS
The test mockup will be dismantled and disposed of. The flow meters will be
excessed unless an organization on site can use them as spares, etc. The

MASS-tron II will be retained for installation design and training purposes.

12
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WHC~-SD-WM-TRP-254 REV. 0
APPENDIX B
TEST EQUIPMENT DATA SHEET

. Laminar Flow Element, Meriam Instrument Model 50MC2-4, nominal 400 scfm
air flow at 8" wc and 70 degrees F and 29.92" Hg abs.

Serial Number__ # S #2000 -1
Factory Calibration:_2-7?-96 ,

*  Ashcroft ATE-100 Handheld Pressure Calibrator, Port 1: 0-25 in.H,0 input
range, Port—2—0-36-psia—input ranger— fuled  see sheet o

Serial Number AQS~1% (c4) | AQC-1%12
Calibration:_i?4-13-0i-00/ , 10/2/48 cfue 10/13/4¢

. Absolute Pressure Transmitter, Rosemount Model 3051C, 0-30 psia input
’ range, 4-20 mA output. (vseo Fern TEsT Pezssvig )

Serial Number__Ozé6442
Calibration:_355-20-02-055 , SAM foe 5/6/2F

. Humidity Probe .
Y ¢T1-899-¢C - H- § - (0/100.)

Model Number Hy-Cul Serial Number__ds54 330
Calibration:__§172 - 80-0ci-00q, N/ie/es due 11/716/%4

. RTD, Platinum, 100 Ohm, Gordon Model RFHLOTK1CQOCA200

o Temperature Indicator/Transmitter, Newport Electronics Model
INFU-0010-DC1

Serial Number__S 251213
Calibration:_35§5-35-03-004 , 5/3/46 Jue 5/3/72

o Computer, IBM PC/XT/AT, Model Number AST frewwra  4/23

Serial Number£o//27 —~007  Property Number_WC 51774

. Data acquisition software
Model Number LibVIEW Version 3.1 Serial Number 32350270
. Power Supply, 120V AC input, 24V DC output.

Model Number Alogr'an VA14MT210 Serial Number__ A/A

Test Performer MM{M[ Date SA5/7
Test Director M,. JM _ pate S/15/9¢
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APPENDIX B

FLOW METER TEST DATA SHEET - AMBIENT, PAGE A
Flow Meter Manufacturer /Acﬂ.r/'?oa.fn Covlpou{:m

Model Number Mssr-tw., T

Serial Number R ){024

Ambient Temperature _ 44 °F Ambient Humidity _ 2/%,
Flow Meter mounting Tocation, orientation 57‘-,.209/ A
Butterfly Valve Position 40’ CW-'/c 2/ )
Probe insertion depth _ a//A
Data File Name _AMcC 4. ¢ 5/21/44
Nominal Reference Airstream | Reference Reference Flow Heter | Flow Meter Calculated
Aip Air Flow emp. Diff, Static Static Output Flow Meter
(Q‘é?sfb e ¢.n Gimeowgey | foetsyre | Fresswre i
10 1o F0 0-10b | |u.5% US| v
20 10 30 0330 | 1,59 | w5y [vaces
o 24 %o | oswx | jmSe | st | A28
w | uo 30 05V | MST | 1use 39
50 50 2V _Jows | uwsH | jas| so
o | bo FU L m §oass | gvst | po
70 30 Eat 1,310 M54 Ju.51 30
80 3o AT ed | b0 | a5l | g0
120 {10 X 130 | mbd | juso | o
160 lbo AV ) 1458 |l | ogueso | 13
200 | w109 35 | seat | s | sy | 2o
%0 | ~1uo p| st M35 | jyst | zu0
2 | ~190 35 S5V M6 | just | avg0
320 ~%10 £33 L, oty .80 | iwse {o3es
30 | 340 26 Cudtl | 1483 ] 19.50 | ~3uy
30 | ~320 T L M, 50 Iv.51 | ~3390
2 | 130 *L 554 | 1433 | jy.s1 | ~uyg

Test Performer

Test Director 00./1% / ;4 )0{4%.

Wl 220 L

Date _JZ lf/’l

Date _ S/ z;(’zé'

B-3
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APPENDIX B
FLOW METER TEST DATA SHEET - AMBIENT, PAGE B
Flow Meter Manufacturer A Morbsr Co-',fan. foon
Model Number AMASS5-¢,. JT Serial Numbermh
Ambient Temperature 64°F~ Ambient Humidity 3%
Flow Meter mounting location, orientation s*w%uf
Butterfly Valve Position 10" (e ,pe.)
Probe insertion depth MA
Data File Name _AM(C 4.L06- 5/4'4/¢(
Nominal | Reference | Airstream | Reference | Reference | Flow Meter | Flow Meter | Caleutoted
Ajr Air Flow Temp. Diff. Static Static Output Flow Meter
(Eé?s:; e R v el I el I R
%0 [~14O b 4660 | M.2Y 450 | L250
200 |~Z200 | F( 3,830 | 14.64 v4.50 208
160 | ~lbo AL %050 IR Ju.5! ~165
120 | e~izl A A0 ] ez I4.50 ~2T
s | go 36 .52 | .60 | 14.50 | 7g
70 o 16 1,%%0 | 14.34 | ly.s0 Lo
60 bl 16 {.15¢ [958 | 14.50 | 5%
50 5\ e o463 | 45F ] 14,50 | s\
40 4o 16 0. A3 | 1456 | 14,50 | 53¢
30 30 76 0.687 | 14.5% {a.50 | ~25
20 10 ¥ 1030 | M55 [ 1450 | v .
10 10 £33 0448 | 1454 | 14.50 | vavros

CONMENTS: 5 e .3 Lochdoun oo Mbsston T set oF 0% O/s, 10%.)
jd5 unsteble below 4O sc‘P

Test Performer ML ZM/_ Daté S/ 29/76
, .
Test Director 0037%17 7 KA_ Date _,L%;Z&s

B4
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1

%
Frees fpue I
| 2.Loe EXIIS ,p,L.‘/(«v./; A' BOJ'(mo/
; i
e e
| VA pog,, |
‘ (2% ! ~

i LoV METE R £ro

07
! 100
s0° i
' | 100
307 i
m
! 207 !
Jo° . ;
| ~48

S ‘
: |
} [ton/ cz7 AT ~Z‘(‘)ffl—4\
ALVE  f2017p4, i )
| . —FLo mered Fion
79° :‘ ~
qo @ ! 235
50° .

BEST AVELADIE 0OPY
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>/u/¢/ Ao Mo tor Covy = /MASS b T

5f?p /(//IHJ-L /Cg#- ‘/{4:/}}

/’/(_a/,wg AMc 3, Lao- dsecos B riatonl s

C Floaw sz1 AT ~2x0 Jc?l:*\

FLow DECRSAs To ~ jPO s¢ Pan

NELEAS = Fow

1
? 2. Ewpoe 12 fI/E ﬂoafc—p b CACDEoARD
>
“
5

- As/EAT

Huaipry ~ 242, , Tedf = Fym

6. RELEA T AgoveE  ashTh /1207,\/ SET AT ~S00sre P

JRIWL A ss694s

WU DEH.  s)ifae
/) e

|

BEST AYAHLABLE COPY
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APPENDIX B
h FLOW METER STABILITY TEST DATA SHEET
Flow Meter Manufacturer A4/~ MM for /ou/’wa‘/-'-m
Model Number MASS-to. IL Serial Number BllO2Y
Ambient Temperature 75 °F~ Ambient Humidity 227,
Flow Meter mounting location, orientation Sfr-af’m/
Butterfly Valve Pos1;t1'on 40° (id, a‘ga-)
Probe insertion depth N/A
Data File Name _ AM 4.1 06 524/
S bt ol Eod FETR e
¢in, H,0) | (psia) tpsia) - (SCFM)

START
ri3e0 | 160 | 15 | »ous 4,65 | .44 ~145..

N ey N N ]

) B0 | 160 | Yy | Bost [ 1ubs | iqua | ~ig2

Comments

: Shvlﬁy, ‘16)'\/ ~ ,}Ofr.v. 5/14/¢é
5/‘&//4 To t r»/:/o/..h _;/19/,(

\) Test Performer MLZ/\/’K%A Date 5/70,/9¢ -
Test Director /07//,4/ ,d]o,f/, Date 5(2;[2@_




WHC-SD-WM-TRP-254 REV. 0

APPENDIX B
' FLOW METER TEST DATA SHEET - HIGH HUMIDITY
Flow Meter Manufacturer Ai» Mﬂu,’}-f ("’Ipﬂu{ﬂv\
Model Number MASS-tro. 71 Serial Number_B}lo2y

Anbient Temperature #Z°F Ambient Humidity ——

Flow Meter mounting location, orientation 51‘«»,/«))

Butterfly Valve Position 70’(14/,;/:, Q;en\

Probe insertion depth  A/A
Data File Name AMC 5. LOG

Stateld 4/1/4./,

Reference Airstream | Reference Reference Flow Meter | Flow Meter | Calculated

Air Flow Temp. | Diff, Static Static Output | Flow Meter

(SCFM) A Pressure Pressure Pressure 4 ) Afr Flow
(in. H,0) (psia) (psis) (SCFM)

s |~ 60 FLO| a5 | M.b5¢ | 4st |~/
#nrs |~ 0 | FRL | Bogq [ 14.687 | j0.Ng | ~i5 2
o oo | /60 | S | 3.oq( | Mg [ 1w, S5 |~ /9q

Comments:

Weker Peswre Set Ak = 3.5 pss %h.f Iy,
A"V' r"/!-v& 5¢+ At - 18 f.;l'

S'f:—f‘cﬂ ’L/'-.) //-17(:. /r.‘-— t. l’l"km'/.'/y 1'4"//:/.(741.4_
[P ““I-'vu.'lc .{lh—/v//7 /'-"l(rv‘[-
Sh.fe})’uf' /.’Udlpd.a. ;Il/ff,

57(7/’/ it /"w’/?“-- Sistec

o Test Performer M EZ\% Date 54/‘2 24
4Test Director 0'747 < fwﬂ /. -~ Date LVUH#

. . B-8
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IO [7 1N

Y9

Yy S

' 2/18/1¢ VALUE  poss

AMC pRo3E
Yoo TEsT AL o blbelty Ulye

Free = AMc ¢ Lo

l

— , _4‘5& ,L"(ww,l ‘4' 3A~"fgoﬁ/p

Feow =7 AT /o0 se

e
L &= (o t)

VALve fos1Tions

J

Frow (tof)

10° L/o‘{
! Fo° ]’A—/oé
50° ~/04

300 +~ 18

20’ ~ 86
1ot ~32T

Flow 367 AT 250 sctm (oet)

f

L VALYE  Posrtion Frow (tut)

L g0 " 260
0’ ~ 160
50 ~257
30° 2372
20° A~ 200
10° ~\¢o

2iaree__ EEST FRIABIE COPY

f [
4 Jﬂ% / 7///'

8/es
Vd

'+ S NHC SD WM-TRP-254 REV. 0
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. APPENDIX B
™ FLOW METER TEST DATA SHEET - AMBIENT, PAGE A

Flow Meter Manufacturer Jate k

Model Number }D —jxD—uP7/21(ADJ)—H/M—'”§eHa1 Number 24003

Ambient Temperature 76°F Ambient Humidity 244

Flow Meter mounting location, orientation 571.“/"4

Butterfly Valve Position 90°[wide o)

Probe insertion depth ceate R (a fpe

Data File Name __TWN7EU1 LOG- 5/22/54
Nominal Reference Airstream | Reference Reference Flow Meter Flow Meter | Calculated
fou | | E% | NG, | s | suvie AR
(sgCFSM) . (in. HZO) (psia) (psia) {SCFM)
" 10 /0.5 2.9 | 048 .53 .49 0.38
20 14.7 73.F 10379 | 1459 | jy.u4 0.3
. e | 24.3 0 | 736 [psss j4, 54 9.4 | 0372
: 3‘» w0 34,5 3349 10234 | ju.s5 |1vuqg | o33
I 50 44 F3.6 10.924 | M.s¢ | jy4q 0.3%
60 6o 36 | Lisd | .57 | jgua [ oy @
70 Fo Fu Al | 1333 | juss [ Mso | 42
80 31 949 [ 1522 | 58 | juva | &5
120 j2o 4.8 | 2.294 M 6 1 4. uq 2

160 {54 353 12057 | .65 | tdso | 125
200 | ~20p #CY | 3852 | 14,69 14.449 162
20 | ~ML o Y. .33 | Ja.so | 16t
20 | ~130 " 33 | 5,35 14.3¢, 4,44 | 233
0 | ~310 A0 | b0t | w0 | jqua | 26
340 ~ B0 34 b.516 4,32 |4 .50 239
20 | ~yio 8.5 | ¢.o4t M3 [ 1944 | 2¢4
20 | A180 385 | 55| Al [ 4 M4 | 233

‘>) Tést Performer J\QL‘Z«—-Z’WJ/\” Date i[z&/((
-/ Test Director Uhylu\j /’P.}k l Date S‘/f.;/u

. B-10
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. APPENDIX B
FLOW METER TEST DATA SHEET - AMBIENT, PAGE B
Flow Meter Manufacturer  Jnfek

Model Number |/ID -T:D -,WT/z:E/ADf) -4/20 ~ 58 Serial Number Y¢co2 !

Ambient Temperature ?s5°F Ambient Humidity 257

Flow Meter mounting location, orientation A"m/c-.{

Butterfly Valve Position _727 (ke spc)
d

Probe insertion depth _ceafer ;0 ppe
77

Data File Name Jw7ex 1. .o

Nominal | Reference Airstream | Reference Reference Flow Meter | Ftow Meter | Calculated
Air Air Flow Temp. Diff, Static Static Output Flow Meter
Flow (SCFM) P Pressure Pressure Pressure 4 ) Air Flow

(SCFM) (in, HZO) (psia) (psis) (SCFH)

t 5
240 241 785 4.640 4.3}y, g 203

00 | 200 285 | 3321 | u.q I4.4q |65
180 | ~1b0 2.2 13028 | 465 (1949 |z 3
120 | al20 A Y XA L 10

80 34 M3 sy | wsq | jyso | 5¢

70 Yo 3.3 1370 | jm.58 | juuq ug

s 4 A3 g | ys? Jayg | yo

50 50 A6 | 0Abz | .56 | 14,ug 0.34

4 uo 715 10356 [ 1use | j9.9q¢ | 0.34

30 30 34 05 | 1455 | juSo [p.3s

20 2] 7.3 losaa | 1454 | que | 63y .
10 o o042 [1usq | vad | o35

COMMENTS : Dot S...r/(;: 5 seco & l"llf'l’ﬁ/: br 30 _S{(,..,,/_f’

F/aw Wcl’b— SClm§ f‘ Lwc_ /;7 [;/,,‘,) "‘l//ﬂ,(c fr‘m(‘
® ou,ku..”.z choty Heo ks Ak’

Test Performer l/afzu_zm Date _3/2:/44
Test Director Mﬂ ] la.'_é/L - Date _ §/22/9¢
/AL

. B-11
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0(1'!‘/’(,7[— ,ﬁ/(l/:'ouJﬁy s‘[t'{( »4L 0-350 JC‘/;,\

\
|
\

TE3T ME1EL © TATEK | | FrLEwAaME : TUTEML LOG

L

TNSELT 00/ PEATH TEST |

|
I
|
|

SET Frow AT ~2/0scem fin TATE i

BUTTERFLY VALVE wipE oPEw

L
<3

CENTERLINE  FLOW = 108 sefm =
.30z A = 200 scfin t"){
awe da = (3 sehee 2;(\
LN =1 scha =
012 ia =1 13 Sean =
26 Aia =1 /52 3cfun

~
5 sepdidents bo A wiaite N

SE1 Fuow AT A~ oo :Jm pe- THTEK Q N
\
C‘w{b[,'at = 47‘ 7(7LVV\ \:)(\'E\
L3HL = 4] s § "
YA = 8X 5c7tw~ %
AN
-14¢ = 5\" St‘Fw\
081 s 3 5"-}'/*\
. Lol = 0 g

BEST AVMLABLE COPY
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TEST

FILE = THTEX3.LOG-

L, _,’;,,,,/,;. Jv-v../., 'Po,— 22 ..rrra-w[{

Flow Ls£1 AT

! PO S Cran

DUTTEAVLY ALY E  fo3iT/on

FlLaw METER  Fron

o~ 14
7o 18
507 16
307 83
r0° 7+
jo° “4

Flow se1 AT ~250 Scinm

ALVE  [25T0 pf FLON AUETEx [t oee
q0° 252
7o v 25|
50° 243
30° 2(6
zo° | 3L
107 [t
Tert fikomer - RRAHA | | 500 6
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¢

s/oa/se
r

BEST AVANABLE COPY
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5/&3/4( TUTEK FrlowmeTee

STEP Leitonse TosT —AodiFls)

1. Feow setv A7 ~25p SCEM

z EVY 0F 2" DucT /.?cansz) WITH  cARLE0ALY

3. Frow PececAsgs To ~‘/zr.:rc~\

Y. Fiow  wwdscpspn r

. !
S. DATAFIE = TNTEAY.LO6 | 4 Seronn inremmes

REPEATED Atove TEST AT /00 Scraa

L‘fw‘ Plbme - D MZ.% 553
i VPTR% ARETRY/?.
— P

' REST AVAILABLE -
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APPENDIX B

j FLOW METER STABILITY TEST DATA SHEET
Flow Meter Manufacturer  TA TEK
o 353
Model Number [P -TIxp AP T /27 (ADT)- Serial Number 94003 -/
Ambient Temperature  3F1°f~ Ambient Humidity _ 2.3 97

Flow Meter mounting location, orientation ST44pAcp

Butterfly Valve Position _1p“(lvioc oscw)

Probe insertion depth cecwvisesy ;0 pive

Data File Name _ ZATEK 5. LoG $23/5
Reference Airstream | Reference | Reference Flow Meter | Flow Meter | Calculated
Air Flow Temp. Diff. Static Static Output Flow Meter
{SCFM) (S ] Pressure Pressure Pressure 4 ) Air Flow
tin. ¥.0) {psia) (psis) (SCFM)
sIRT | ~/bo So.4 o1 |[4F 6o | /4.40 12487
"q’g.‘;j ono- g .
s [l .
) B
Comments:

‘) Test Performer %fw%?[ Date 52974
Test Director %//,7 /% Date S[»iz;%

.. B-15
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I

Flow Meter Manufacturer

Model Number _ﬁLe. erun

WHC-SD-WM-TRP-254 REV. 0
APPENDIX B

FLOW METER TEST DATA SHEET - HIGH HUMIDITY

Latek

Ambient Temperature _{S £

Flow Meter mounting location, orientation

Butterfly Valve Position

Probe insertion depth cewde.. d

? p.'&(e

TED-Ixp ~ M1 /25 (ADT)~ufz0 - T8

Serial Number_4¢0s3 -\

Ambient Humidity 39.0 7.

S ‘{'-15\0/1-! CCu ‘#r.n}

h_,;

A g
Data File Name _INTEKS . LoC
Reference Airstrean | Reference Reference Flow Meter | Flow Meter Cal:uln.ted
Afr Flow Temp, Diff. Static Static Output Flow Meter
(SCFR) kP Pressure Pressure Pressure [4 ) Air Flow
tin. ¥.0) {(psia) {psia) (SCFM)
SIRT | (62 XA v | 14,64 .83 | ~135
ahrs [~ lbp 7SS 3-028 | j.745 | /4.4 | ~245
B |50 27 3. 0l6 4,793 | v, ¢ | ~205
Comments: . Mﬂ/
Stuted Y71 ETTe 0920 pus

W ][(, //Ujuvc ~ ?'.5‘/.( .

are

//(,Uw [

~ 18 /!l’

Quest 1o+ (U'j test fhow us, /oa/r(./,n(,?)
ples 4350w, b/wpe s fid, P fepentec v VI 2 900 1o 7.

jf-a//‘l/[ é/"/¢é *’7"‘/0%‘*:

Test Performer ﬂ/ﬂm— ZZ(M

L,U A4l

lee [ ce ot

c )f/ 'l'vn,
"'/ﬂ‘ cboet o 4,
H/“r cL.u,,‘/_( on
/-/p.'f ,6“,¥

Test Director

Date _¢/7¢/7¢

Date 6/ q// 23

B-16
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APPENDIX B

FLOW METER TEST DATA SHEET - HIGH HUMIDITY
Flow Meter Manufacturer T.Fe K

Mode1 Number II:ZD—IXD-/WVK(ADJ)-‘-%D-I_Sa Serial Number 96203 -
Ambient Temperature _72°¢F
Flow Meter mounting location, orientation 330 othch
Butterfly Valve Position 7&’ w,,/c .o
Probe insertion depth C(-y‘lf’ﬂ/( S /Z;f

Data File Name

TNTENK 3. LOG-

Ambient Humidity

337-

Reference Afrstresm | Reference | Reference Flow Meter | Flow Meter | Calculated
Air Flow Temp, Diff, Static Static Output Flow Neter
(SCFM) (*F) Pressure Pressure Pressure L4 ) Afr Flow
{in. H.0) (psia) (psia) (SCFM)
START
24 hrs
e | ~r8Y §$5.0 | 329 | 1954 | 1438 NP3
)
Comments:

Test Performer Z

2"’ L,ow— 7"(')7 r.'lL t’(/%’m{" /'.'Pqﬁ{/';"'
57(" /?ﬂe 20 pe . 6/7)//7/

jﬁ/;/f/ ~ s £ 5/25/,%/

(e 2200 )

\_) Test Director

Date Qlfé?/

NI Al
. '

Date 6//’-«6//%




J

WHC-SD-WM-TRP-254 REV. 0
FLOW METER TEST DATA SHEET - AMBIENT, PAGE A
Flow Meter Manufacturer :l:‘ffl/t

APPENDIX B

Model Number TZID-TIXD-APT/22(AD7) -420- 258 Serial Number 7003~ |
Ambient Temperature F0°F

Flow Meter mounting location, orientation lj o e b eaf//.;m

Butterfly Valve Position 4p° (v:de ,E(,.)

Ambient Humidity

Probe insertion depth cendered .n At

Data File Name

TMTEK 3. L o6

Y67 . L,

)

il Bt Terpe o™ | Bifgrence | Reference Stavie " | bitmneeer Flod neres
Flow (SCFM) (SN 3] Pressure Pressure Pressure [§ ) Air Flow
(s:cfsn) (in. 'HZO) {(psia) {psis) (SCFK)

10 ~q Edi 0.(3b 19,962 | 14,41 | ~o04p

20 ~10 T Vo3 9,40 | Ity | _oyp .

| 30 Tl lo.sss | wws| wur |-oso

20 D ey 350 | 1w ygp | MM ~o0,51

50 ~50 +2 0.3 Jiy.qss | juwz | 6 54

0 | ~fo F> letys [ |1y, ue ~33 (i)
70 ~%o +3 L34 [ 14510 | jyut | ayy

80 ~ §0 F3 .55 14512 [ luz |~s¢

120 | ~fz0 4y |2.2%8 j4.5us [/4.42 |~ 58

160 | ~lGo A 3094 | 14585 | yqu | ~ng

w0 |~200 Fe 13 3¢0 [iu.615]| 1q.47 ~161

20 |~ 240 77 bosz /¢ 652 14 ¢ 2| ~200

28 |~710 + 3 5,415 |1y, 644 J4.490 | ~233

30 [~ 220 8 vz || Svan ~2¢8

0 | ~3%40 8 (bsrv |y | Jyuz | ~28s

320 | ~320 *§ Elgg | 9. 9t¢] 1y | ~2e¢

w0 |~27. 153 5398 |y 61 | 1vvn [~23y

Test Performer lﬁ/" ZZ%Z,.,L

Test Director 0,[L ,/f’_%”/
airry

Date 7—/4/7(.

Date 7{:‘ (:qé

B-18



WHC-SD-WM-TRP-254 REV. ©
APPENDIX B
FLOW HETER TEST DATA SHEET - AMBIENT, PAGE B

Flow Meter Manufacturer _Lw-{—,,k

Hodel Number TIID- TXD-W#7/55 (A7) -ho- TSR Serial Number 44003 - |
Ambient Temperature Fo°F Ambient Humidity “47. 4+ L.

Flow Meter mounting 1ocation, orientation Y 0'clucq

Butterfly Valve Position wide vpen)
Probe insertion depth ce. llgn,e i Al

Data File Name TNMNTEK S Lo6

1i6/2¢
Rr | Airrioe | Tampeem | pference | Reference | low meter dumma " | Froshesed
Flow (SCFM) (* F) Pressure Pressure Pressure 4 ) Afr Flow
(iCF;) (in, NZO) (psie) (psia) (SCfH)
20 Al 79 Y560 | 14, 4su v, vz ~202
200 | 200 19 {3.37u |Iv. 17 | jq.uz |~1¢8
160 ~léo 34q 3.7 |14.515 | juue ~t1d
w2 |~ lzo R4 [ 2326 |)g.5uq | jeaz | ~e3
o | ~%0 P14 | Asre|tusiz| 1y ug ~5¢
n | ~70 tq 14355 {(4.503 | J4.uz | ~50
60 ~bo T4 Lia? |iq.qe Ja.vz | Zue
0 | ~50 14 0,139 | U qqu | Ju wg | ~_ ¢o
@ NP +4 0.235 | M.bso | 1u.ug | - ¢
30 .~30 34 0.513 | Iq YIS | 4, w2 {—.6o
20 ~20 ¢ 6.3%z [ Iq.qde | 14z |~.58
10 ~10 ks O 193 | M. U |tq.«7 |—.52 '
COMMENTS: 7L, test i3 w vepect oF e eoclon  feof +o Sec
.'{' “‘7 lechese i "ﬁc »‘y!f“- has t{‘l.'V(/o/ r/ ove, He

Course  of  test ;-:j .

Test Performer ZFA/A ZM,Z:L/ Date ?V///f(
Test Director w \/f.%\‘ Date 7(/5/26

. B-19




WHC-SD-WM-TRP-254 Ry, o
APPENDIX B
FLOW METER TEST DATA SHEET - AMBIENT, PAGE A

Flow Meter Manufacturer  L.fk
Model Number TZT D- Z4p~M Y2 L(ADI)-v20-TsR Serial Number 9geo23 - |
Ambient Temperature  F4.,49%4 Ambient Humidity wp./ 7 . L.

Flow Meter mounting location, orientation HO'C/sck posirtion
Butterfly Valve Position 407 (w fe o )
Probe insertion depth _cate o d 0 A 4

Data File Name _ TW/TEX4. LOG- Yiad
" Hominal Reference Airstream | Reference Reference Flow Meter | Flow Meter Calculated
Air Air Flow Temp, Dift, Static Static Output Flow Meter
Flow (SCFH) F Pressure Pressure Pressure ( ) Air Flow
(scrsu) tin. H0) | (psia) (psis) (SCFM)
s .
10 ~10 o4 0043 | jqus | w38 [-o. 54
20 ~10 266 0.%43% 14,432 14.39 |-o0.54
30 ~ 18 6.3 |0.555 |luduz [4.38 |_o0.53
7y 40 ~ul 310 1033F | 14450 |14.38 |-0.54
- 0 |~ 50 315 1045 |ituss | w28 |-o.56

@ |40 274 | 1089|4462 [ 1438 | 4
70 ~ 10 F8H L35 ey | ju.3g ~48
80 ~ 30 F4.0 | 1.55% | .urg w28 lase
120 (~{l0O 346 2.320 [I4.510 {d.3% ~4|
18 |~ 160 £0.0 }13.12% |14.59¢ | 14.38 (120
200 | .100 3o.3 |[3.33 14577 | 4.38 | ~163
20 | vuo 30.% (4645 4.t | g 33 [~206
280 } 030 80.9 15,456 | 1y ¢s52 | 14.33 ~ 140

30 |. %20 4.3 |66 4. %00 | |y 33 ~235
360 | 340 9.6 0.6 {4,310 | qu.39 ~ 294
320 |w 110 44 [6.1va [id.648 | jq,33 | a3

20 [A190 8. 15,510 |(4.0L0 [ 14.38 | ~1yy

\J Test Performer M,._, z WAZ»/ Date jﬂ%‘
Test Director A Date _jﬂ/i’z
‘#‘#’ﬁ—z 77
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APPENDIX B
FLOW METER TEST DATA SHEET - AMBIENT, PAGE B

Flow Meter Manufacturer JnTek

Model Number IIID-IxD —A;?T/ZI(ADJ)—H/zo—l’SQ Serial Number f{0s3:-¢

Ambient Temperature 24.4 °F Ambient Humidity yo./% «h
Flow Meter mounting location, orientation H o'cloc
Butterfly Valve Position 0% (v:de 4,..)
Probe insertion depth Cw‘h’mﬂ " cpucf'
Data File Name TWI1CK4,.LoG
ta Fil N 7//7/46
Nominal Reference Alrstream | Reference Reference Flow Meter | Flow Meter | Caleulated
Air Air Flow Temp, Diff, Static Static Output Flow Meter
Flow (SCFM) “F Pressure Pressure Pressure { ) Alr Flow
(SCFH) (in. H0) (psia) tpsia) (SCFN)
25 .

w0 |~ 2HO . | Y Lug |M.614 4. 3F | ~21o
20 | ~loo T3 13.33%0 [i4.51 |43y | ~130
160 | ~[60 F9.3 3,059 |j4.541 1437 |.i8Q
12 | vito FY |2 sy biwyr |~
o | ~§0 40 1535 [1vaae [438 [ ~s¢
P {~F0 [*46 [1.3¢3 | M4 |1u3g [~s2
0 |~ 6O 74.5 |l 127 fu. 980 | My Ay
56 | ~50 F4.6 | 0.167 [4.959 |14.35 |— o.s4
40 ~dD 4.5 10381 |ju.usq | 14.37 |—-o.55
3 |.. 30 .S 0580 [uwvr | 4.3 |-0.55
20 ~ 1o A 1 0-33% fiq.43¢ |149.38 |- o0.57
0 | atl0 T4\ jo.3q 4. 425 | 43¢ | - o054 '

COMMENTS:  Tiniy i5 e "‘P'D{“ o‘Q l‘“\o brac i )“(_;{" ;H’u‘ ‘H-o /c.l«s
- HM/ Au‘H:MJw box were Stal: .

Test Performer M;—i Z%AL ) Date _2772/7¢
Test Director 04.741,7 %PA%M / Date 7[17(:1'4

_B-21




FLOW METER TEST DATA SHEET - AMBIENT, PREE SR-WM-TRP-254 REV. 0

APPENDIX B
Flow Meter Manufacturer PAMAMETRICS
Model Number &P48-27-2001-0 serial Number /65
Ambient Temperature _ S°F Ambient Humidity 52 %
Flow Meter mounting location, orientation shalbd Jocidn ) p= 19085
Butterfly Valve Position _70° (v /e open ) L= 123517
Probe insertion depth _ A/4 . QOstwse TIME £ STATISTIES
Data File Name _ PAVA4.L0G ) b/3/44
wominal | Refererce | Airsiresn | Reference | feference ) Lo eter | QR R Frow werer
Flow | (SCFK) “h Pressure | Pressure Pressure __ Air Flow
(s!cisn) (in. H0) | (psia) (psia) (SCFK)
10 1o 27 10.133 14.53) [4,M3 10
20 14 | 22,030 1.537 | 4.4 i 4
% | 20 |"2F losiz st | dNg 30
0 up | 2F oA w553 w8 | 39
s | 507 | 33 10451 [14.563 1444 “b
60 b1 22 e w520 wwq | 57
70 Edl 22 |n3s) | M.sz | id.414 64
80 g0 28 1.s23 |14.585 1449 =y
w | 120 75 2.307 |1a. 616 /449 106
160 J60 79 3,098 | ju.b46 Yit.qq | 190
00 | 200 F4° %51 (14.685 |/v-4¥ 175
20 | 240 g0 go621 |/4.729 /149 1212
w0 | 280~ st lsveq [1y.263 | /94r | 250
30 | 320 8l 6.134 |1v. 801 }ju.91 237
o |~340 32 6.5¢t | /4.8/6 (I41.48 305
20 | 320 LEA 6.(4F |14.791 |14.99 28y
280 280 g2 S.ust |14.750 |4.4¢ 253

Test Performer 7\%5;\(%%4 pate 4/%%6
Test Dlrector M J PL,%L Date e{%[?ﬁ

. B-22
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. APPENDIX B
FLOW METER TEST DATA SHEET - AMBIENT, PAGE B
Flow Meter Manufacturer _ PAMAMETaiCS
Model Number 6P63- 27 -200)-0o Serial Number_ |45
Ambient Temperature FS9F Ambient Humidity 52%
Flow Meter mounting location, orientation 56./@-1 JoCutism
Butterfly Valve Position 907 [u./c ope)
Probe insertion depth _ A/A
Data File Name _ PANA A .L OG- oy
Nominal Reference Airstream | Reference Reference Flow Meter Flow Meter | Caleulsted
Afr Air Flow Temp. Diff. Static Static Output Flow Meter
Flow (SCFM) “F Pressure Pressure Pressure __ ) Air Flow
(SCFSH) (in. HZO) (psia) (psia) (SCFM)
3
%0 | 240 82 | Ybsé | 14220 | ju.ug 21y
200 | 200 g2 13818 |y.681 |14.uq 176
w0 | 160 g %06 [wu.6vt | mug | s
120 120 g2 2324 9,607 | 14948 jo3
s | 30 g1 1.599 | 14.578 | ju.49 +3
n | 7?0 8 136y {19.509 | iv.qq | ¢
60 b1 %1 1133 | j9.562 | 14.43 52
50 50 g1 0.482 | 14.5%52 14.49 Yb
40 39 31 0.758 | 14.sur | a4y 3%
30 30 3] 0,594 | 14.536 | j4.48 28
20 10 3t 0,325 | .52t | ju.ug 14 .
10 10 51 O-r0t | yy.sz1 | 14.uq g

COMMENTS :

\.j Test PerAformer MMZW..A Date ’//5/76
Test Director _0% ><f ﬁ.ﬂ!ﬁl Date _¢/9/9<

. B-23
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3 A
! i]’ L A

I
i (9///70/ /7/44/A/‘4t: /4P ;J#L o METER
‘; WALVE pos 7/9/1/ TEST

. 1
! FIE - fWAz. oo JJ&(,.~/ idonl Hoo 30 s5ernd,

|
|
i
1

Ftaw cgq AT ~ /oo!‘(j;m

VALY : posrzion r L ow METEL Fiow
90° g9
. Zo° J 53
f; $o° ,Z/S/Jé“”
'3 o
N ; , 2
200 | (7
io* ] YUy

Feow sz A7 ~ 250 IJCF/L

‘ VAWE 551500, ‘1 Feomw AETer  Fipe
| 90 i 220

11l

105

f\ o’ ‘ 133
207 ( A

eftfre

BEST AVRUMARLE COPY
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APPENDIX B

1 6/4/46 //4/{//1//167,(/(/ L Frow METEL
TEf LEPrNsE | TEST — AL/ ED
fiL Enthm €2 PANAZ. LOC=  [(Sceavo rmTcpunts

\

N

;4 {qu CET AT 280 scrmn (K2F)

/
LEsrorss Trme S&1 AT VeqantTies!

2 S/fcow seT AT 2o Stea (RER)

e vy
7 Klf!/pylr Tpape S 7 AT ! Sc¢

|

, (? {f—cov SeT AT res Sipu (23)

i ’ o
rz R pewss Tihe se i AT 1 sec
I ;

k‘-{ Lcow se1 AT 106 SCpan (eeF)
|
\

) . 1"
7 NCspuse Timg  sea AT Us7ATITICS

W 2L e

O,LLJP;M_ ! 6/4/%
0[’/ ;1/

| |
I |

|

|

\

EST RvRiARLE COPY
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APPENDIX B

6/ /¢ /ANAMEmz/a\ FLow METEE

tz 2U Hoyrn STAENITy TEST
B |
} Frrewame = PANA Y.Lo6-
220 Secomn lfauliiVe NTELVAL (12 rrwvvEs)
|
$TARTED o /170 aen
STorrED  ~lio e ST
|
‘\ /{/0 ﬂA7A LAS F:ﬂdxt/() s FILE

|
2/l 2 UL | S
Ohﬂ%l[ : o PA! \5/5/1(

BEST A¥RILABLE COPY
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APPENDIX B

FLOW METER STABILITY TEST DATA SHEET

Flow Meter Manufacturer  PANAME TRICS

vMode'l Number GPL§ —22-2007—0

Serial Number 145

Ambient Temperature 4§ Ambient Humidity _U2%

Flow Meter mounting location, orientation _JST#vpsa) -

Butterfly Valve Position 90" wwe orev

Probe insertion depth  A/A

Dafca File Name _ PANA H‘, LOG &/ /¢
Reference Airstream | Reference | Reference Flow Meter | Flow Meter | Calculated
Air Flow Tenp. Diff. Static Static Output Flow Meter
(SCFH) (* F) Pressure Pressure Pressure 4 ) Air Flow
{in, K0} (psia) (psia) (SCEN)
START .
119 l6o Z4.7 | 3.024 | 1M.690 | 1453 40
Ewp L
AR 3 3ozt | 14, B5 | IN40 | ]9
‘Comments: . e L =
' PANAMEaics REStimse TimE cg1 AT 4 sz

V.;/]l On/ oue l’/AA Fp,\fv‘) fflr{/ on d’,[(

Sﬂ‘ﬁc { /( heow €,
Sint:

12520 1644 ¢ F0.3°F J.o0q 14,753
IZli,.\p'

] 124
o/h0

1¢2 7348 3.8 ;4.,611

Test Performer ﬂ/,lw_ ZM%

Tt resbted oo 55,

14.60 JHo-73

14,54 133.26

Date &/5/76

Test Director M J Fi !

Date &
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‘;i;sl\ﬁl\i"]'l.l]i\k?}??‘ﬁril‘%,

| i

G576 PamameTeics Flow METER

\
AAveTEL  ctiang s TEST

|
PANAS Lo 6

[
S

F/ILEAV A E ¢

,_rxrp,../,‘m[rymé Yo 20300, 4,

i_ Q('F \C/nw j{fﬂ+ A/{O_rcf;m
a, A)(a( Dm(—-.{ Jam (L)

12,959 (P=1sg5")

i
i

b. L= 13,09"

<. L= 13,35¢"
A, L= 1z2.60¢"
e L=12.359"
i

2o (e (P) = L

5.]185

(L = /z,r.(@

b FP= 18 435"
| c. P= 15 ¢85
L d. p= 3. 435" ‘f
e. P= 1z 25"

3. Bk b Moowal

l//f‘ Dn. e o waw/ on /,44//15 (L 06 (a[f'a v errw)
/'Jf- re,/om, -~ f( _‘.L -«76/-'}»‘

/«/%, T s

yizs o 1A 6/6/%

BEST AVAILABLE COPY



.

WHC-SD-WM-TRP-254 REV. 0

APPENDIX B
FLOW METER TEST DATA SHEET - HIGH HUMIDITY
Flow Meter Manufacturer PANAME Tnic S
Model Number _£f48~22- 200, -0 Serial Number /45
Ambient Temperature 7294 Ambient Humidity ~ 929,
Flow Meter mounting location, orientation g{'m/”g_f
Butterfly Valve Position = 4 ”gw//¢ ngc—‘)
Probe insertion depth /A4
Data File Name _ PAWA 6. Loo— (12wt samgh m’wJ)
At Flow ‘Lf;""_'" Ditr | Sraererce | Hlopeter Sopt " ??5:":::
e O [ Harnre, | fressure Geiay © | (== | A rtow
st | /6o 29 3032 | 14,687 | 14, S2 132
2 hrs .
“Ewp . T
Comments:

Sheted 375 St bl ~ sl
Wb pesee seb b : 2.5 s St bl fp
A fv'z_uqr; 5({- ‘+ - |9 fs‘.

(”m— 60// .57(// }r// VY] fr(f 5;&,,)1/)
Test -S+?/7/( 5//1/ ay: }Dﬂbﬂr W},?%/ /0'/(1
okly_/

Test Performer M éZ\KML Date _[A’(

Test Director Date (9/8/Té

. B-29
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Jest Los-

5/15/46

Test meter SIELRA

JIULP'A«LL K

‘Fov Avcmu;e 'P/aw WL(,(

purpose
¥ [

@s= KA

£:¢/V

.$f+ ;/au 44.

pe-  sierva
[J

~2/0 5(;":;«»~

‘f'(nv: glr‘lF . Lm'l»«t‘t’p.{./i
7 7

=27.7 7»

!
FICEVAME = Sizepd 1 Lo

. m-nrrﬁ z ?»ﬂ% 7 =
7

Y
3 secom :',\'/c-v;// '{bv . f(_

}{-A ﬂekf 4= p“gf-a

Cen

er ppe  F2 20t scha

Lp’a« Mﬁ 7 = /.xo}% L, F2 145 5. fm
J " 1««(’ 3- }( Xgaive , F=~ 1 &6 seFun
L o ge-tdcs o X0.(ub L F= [90 scha

I X !

! !,(11 ‘004'1«" 5 = Jix X082 ; [ l‘f 5tfp..~

A foit 6 = Je X024 , F= lo sch

L HUH\, \/l\ll'( Wa{( ,pr‘a

M%Zﬂﬂ%l S5

Onjlm LAl s)ists)
REST AVALABLE COPY
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Y | > oL . . . YA L - .
Py Ty oy v oy o 1) J‘ Y3 ;S"! P T

£/15/44

Teot Metes = SIEPLA

’pll"/IJC - M’( L(}’M\,'AC K /oua» 7£/.av e Lc

|

|
FILENMAUE = S/zpkd2, Log

Temp = B4 T Hemiprry = 29,4 %

!
|
D4 pamf 1= Ctun a?c 'pL_ ) F= /Dfsc'/\u_\

2. = 341 DiA F= 102 scha
2= 216 DA . F =102 st
" _JuE DIA F=loz st
s = .082 Di4 . F= 40 Scbm
67 .02 pih || Fz 85 s

Zfﬂwl’ Zf ,( 5/%:

WAD. o/ L 5//5/%

7117

ST AVAHLABLE COPY

BE

APPENDIX B
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APPENDIX B

FLOW METER STABILITY TEST DATA SHEET
Flow Meter Manufacturer Sicve

Model Number £40-FAM-113_-e2-pvl-V4-AP  Serial Number 25 7230

Anbient Temperature ~ $0°F Ambient Humidity 23 7

Flow Meter mounting location, orientation ;7‘»/;-;/(
Butterfly Valve Position __ 40° {MJz opea)

Probe insertion depth __ cewfered in pope

L aund

Data .File Name SICRRA3, LOG-

Reference Airstream | Reference | Reference Flow Meter | Flow Meter | Catculated
Alr Flow Terp, Diff. Static Static Output Flow Meter
(SCFM) (S 3] Pressure Pressure Pressure 4 ) Afr Flow
{in. K.0) (psie) {psie) {SCFM)
START
oo § ~IbT: | 805~ 3.1 4.5 . 170 .
END LT TR ) .
Comments:

5‘(‘4.,{(11 7L‘J7L 100 g, . _5//4/45

/4/4 _(4»}0":7 !Vl-/ 12 ;-\.'u..}’e;,

M-/,,.-«_, - ,{;[,(,,-Pf’ e out- ~X,'u.>/.;,, f/(/7(
will ved fe,'f‘.'

Test Performer J\Fﬂv@ ZZ[MA Date _5/[%/7¢

Test Director VW ; ,’4 /’M Date 15;//7,/74

. B-32
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APPENDIX B

FLOW METER STABILITY TEST DATA SHEET
Flow Meter Manufacturer S/ERRA

Model Number £490-Fm- L13-€7- 4 -W-42 Serial Number 25230

Ambient Temperature 68°F Ambient Humidity 282

Flow Meter mounting Tocation, orientation norme!

Butterfly Valve Position _90° (iide opea)

Probe insertion depth ceate.cd o Aicf
Data File Name __ SIELLA Y. LO¢-

Reference Airstream | Reference Reference Flow Meter | Flow Meter Calculated

Air Flow Temp. Diff, Static Static output Flow Meter

(SCFM) (*F) Pressure Pressure Pressure ( ) Air Flow
(in, .0y | (psim) (psia) (SCFM)

START

0f; 30 - 159 7,3 1.4 /9.7 /4.€

- END

170 .

oqoM| ISF | 4uo 2.4 /9.5 vy 177

Comments: _5'/7_a/qé st.td
$/2l fog s/://r/

Test Performer M ZMM/ Date J%r_/_d
Test Director {4012“ . %M Date SZLIZ?S.

. B-33
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X APPENDIX B
3 FLOW METER TEST DATA SHEET - AMBIENT, PAGE A

Flow Meter Manufacturer §;£r2¢4

Model Number £40-FA -L13-£2-pv1 - -wp Serial Number 25 2?30

Ambient Temperature _629F Ambient Humidity Y4 %

Flow Meter mounting Tocation, orientation >f‘«u.ﬂw(

Butterfly Valve Position _ 40° (ide upen)

Probe insertion depth _ cenferel .. At

Data File Name _s/et2As . Log- - 5/21/44

Nominal | Reference Airstream | Reference | Reference | Flow Meter | Flow Meter | Calculated
fo |Gt | % [SH,, |me | se Gy | ae e
(sgCFSH) - Cin, "20) {psia) (psia) (SCFN)
T 1 6L.92 |p.20¢8 IeR'C Ju. i O 2

20 72 672.9 | 0.uot 1y.ay .39 35
“30 | 3 62,0 |9.5%0 | juus | 43¢ [ ar

40 ui 628 jo-*su | udt |4 q0 g

50 5 XN R N T 67

& b br4 |1 J4.97 ] juut bR

70 3 b2.4 | 1.200 [Y.48 Rt 8§

80 3T 61.6 | . s00 1449 4,40 q8

120 110 623 12,20 | yusz {19,490 | 2]

160 153 b3.2 |9 410 M.56 | 1y, uf 180

200 1loo 632 15653 | 1usa | iqy.uo | 220

% | 1o oMY | Ml | 162 | mup | 285

280 . /

320 3\ o

30 seale

320 v 300 [chm
280 N

‘ ) Test Performer _ﬁ»ﬂm’, éz\[)ﬁ’j.N/\, Date 5/2’/4‘
J Test Director Jn'f% 7 o L, Date jlzll/iﬁ

. . B-34



Flow Meter Manufacturer

WHC-SD-WM-TRP-254 REV. 0
APPENDIX B

FLOW METER TEST DATA SHEET - AMBIENT, PAGE B

SIEARA

Model Number 640-Fu-113 - €2-pvd —vu _np,

Serial Number 253230

| SEF rdse
A

Ambient Temperature 62 0F Ambient Humidity Y4 %
Flow Meter mounting Tocation, orientation 5’«»/1"
Butterfly Valve Position _90°{w.fe opta)
Probe insertion depth ccnfed ;. JucF
Data File Name __ S(EXAAS. Log— S 1/¢
T | Mo | Aimtrean | Beference | Reterence Statie | oupr™®" | Erleetared
Flow (SCFM) (* F) Pressure Pressure Pressure (GeEm ) Air Flow
(S*CFSM) Gn, 4,0 | (psia) (psie) (SCFN)
240 [ Tt [~
200 2oz [ 646 | 2B4| 34 | jqyo 230
160 jbo 64.6 2.970 | jy.55 | Ju.wo 135
120 114 64.6 | 2208 | 1450 | yvwo | 122
30 31 bd-b | ruiy | wud | jqve | aq
™ 64 645 | t26q | yuvp | jq.ar | 83
60 bo 4.5 | gtod | w4yl 34 3y
s0 44 Bud | 0.9a2 | 14.4% | ju 4o 63
40 Yo 64.M | 0.250 | I1v.4¢ jw. "o 55
30 %0 L4.3 | 0.54) 1445 | q.y0 4o
20 A bt L | 0.%F | ju.us | ju.vo 22 .
10 10 b9y | 0.140 | u.uy ey 8
COMIENTS: 5 secod sagl “slernl over 30 Secouds ot el foint

S1FLRA f’o»«ﬁu‘er v a-l/ f'-}nh-u({"v" the

Test Performer M.. SMML

f
Test Director f x//.,ﬂ,\_
Z% T

o-300 scﬁw nnj €-

Date _5/“/‘74

Date 5['3 /94

. B-35
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R SR T s TS T IO T B SRS B W

5/2//4( SIEA  FlopmeTed.

STEVY LEsfrvsE TEST — MoODIFIED

1. FLow SET AT~ 25D s

2. __END 9F 2" PIfE  BLOcqEDn by CARDB0ARD

3, Ftow Decﬁ&ﬂ& TO ~A- 125 SCFM

Y.  DATA TAKEN i Fieé  s,cmphé.L 06

Terf=¢4.3°F  H=4597,

5, REPEATEY  T1E85T T c&

L FLow SET AT ~i00 Scim

7. REVEATED  ApoveE  TEST

NOTE * FLOw BUIKED , THEN |JPENED AS Guicki as Pessis€.

L_TesT tekpomen - ALASHL L 5/%./46

/
M /‘/PJL 5,”/72

BEST SVELABLE COPY

APPENDIX B
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A e e T D T APPENDIX B
{

|

1; 5/21/1¢ VALVE posiTjons  TEST

{

l FILE = SIERRAT. LOG| & soi itdon] Lo 50 sec

i

!

Frow/ SET AT ~)100 scrm ceterid oo Lok

|

BUTTERFLY vave  leritia  Frow METEL  FLon/
90° (wide _open) | ~i00
20’ | ~ 0o
L | ~14
i 30° | ~16
{ 20° }\ ~ 40
L Lo® J: ~ to
Flow 81 AT ~350 5CJFA/\
i
| DUTTERFLY  yALVE  Vostison Frov me7éa Froy,
“ q0° : ~250
'L 70° | ~ 150
! s50° v ~ld g
‘ 30° ~ 2l
L 20° : ~ 180
I 20° ~133

|
I;TC:J'T fetpormn - }J{%/’/wy/ 557
Test binécron - L,L/\ﬂ,//j{‘_ 5/:.:/?4

grri

B

BEST AVAILABLE COPY
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APPENDIX B
™
v FLOW METER TEST DATA SHEET - HIGH HUMIDITY
Flow Meter Manufacturer S,evva
Model Number 6YO-FAM - 43~ E2-WA-VM-up  Serial Number 257320
Ambient Temperature FY Ambient Humidity 24 7.
Flow Meter mounting Tocation, orientation 5{.,(”/’,,/
Butterfly Valve Position _ 40’ a.le ,pom
Probe insertion depth cetud o AT
Data File Name _ s1£.024¢, cog-
Wrtoe | fumiresm | Seference. | peterence Statie | ol | Fricyeted
oo R ot N sl e [ e
SIRT | o [ 40 .5 3, 054 IM333 ) 14,58 ~ 170
%brs |~(58 §5.5 2. 03% | 4,606 | Iv. 45 300
7 L e £ 5 8.5 13.063 |juges | luys | 300
Comments:

5%“’{'16 é/;’q/[[ P 1045 4.
%"Jf j,,'ll = I05l(¢u/,'..‘l’(v/-/,5 //1”.‘..) _y}{,?/

. 4 ’/(!Jw(. set <t /‘?/ ".§h’7‘ "4-4"*/‘/

i fu /l’(/]‘l’b .ft—f ‘»‘{— 7.)'/.("

“/0,

l»/l/” LJ,,'._I,ﬂ uu»/?‘ue 1-./ foree " l’fé‘c 457{"/«"«
f'L(. ﬂ70 l'ﬂﬂ( ILLc. fvollrzﬁut Couty.

Tt thor Sryped hom oA by s e

L.,Lu\ uz.\lw L\/a_rv wc...ov'./.

J Test Performer %{WK_A, . Date 6/21/%
Test Director .,/{/ /ﬂfl\‘/ Date Aé/tl”/?z‘
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FLOW WETER TEST DATA SHEET - HIGH HUMIDITY
Flow Meter Manufacturer 41E224

Model Number £40-Fm- 143 -E2-4 ~Vi-ng Serial Number 252?30

Ambient Temperature 7J°F Ambient Humidity ) 47,

Flow Meter mounting location, orientation Lty 2220 o'r/oeltz/{y_

Butterfly Valve Position 40° wide ,pem

Probe insertion depth (eu{r/-ﬂ/ ‘v /u;{'

Data File Name _S)E€R£A4, L O
Reference Airstream | Reference Reference Flow Meter | Flow Meter Calcull-ted
Alr Flow Temp, Diff, Static Static output Flow Meter
(SCFM) {*F Pressure Pressure Pressure [4 ) Air Flow

¢in. H,0) | ¢psis) . (psia) (SCFM)
SIRT |~ [ {0 *3 3. ovo 14 42 fu,q¢ ~Al3s

24 hrs R

END

M e Feid ot At oot
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The following is a 1ist of the ASCII text data files and the corresponding
Microsoft® Excel Version 5.0 spreadsheet files used to process the data.
AMC1.LOG/.XLS Air Monitor Corporation MASS-tron II Ambient Tracking Test
AMC2.L0G/.XLS Air Monitor Corporation MASS-tron II Valve Position Test
AMC3.LOG/.XLS Air Monitor Corporation MASS-tron II Step Response Test
AMC4.L0G/.XLS Air Monitor Corporation MASS-tron II 24 Hour Stability Test
AMC5.L0G/.XLS Air Monitor Corporation MASS-tron II 48 Hour Humidity Test
AMC6.LOG/.XLS Air Monitor Corporation MASS-tron II Valve Position Test

(Horizontal Pusition)

AMC7.L0G/.XLS Air Monitor Corporation MASS-tron II Valve Position Test
(Exhaust Mode)

AMC8.LOG/.XLS Air Monitor Corporation MASS-tron II Step Response Test
(Exhaust Mode)

INTEK1.LOG/.XLS Intek Rheotherm® Ambient Tracking Test
INTEK2.LOG/.XLS Intek Rheotherm® Insertion Depth Test

INTEK3.LOG/.XLS Intek Rheotherm® Valve Position Test

INTEK4.LOG/.XLS Intek Rheotherm® Step Response Test

INTEKS.LOG/.XLS Intek Rheotherm® 24 Hour Stability Test
INTEK6.LOG/.XLS Intek Rheotherm® 48 Hour Humidity Test
INTEK7.LOG/.XLS Intek Rheotherm® 24 Hour Humidity Test ¢ o'clock position)
INTEK8.LOG/.XLS Intek Rheotherm® Ambient Tracking Test cbefore fixing leak)
INTEK9.106G/.XLS Intek Rheotherm® Ambient Tracking Test cafter fixing Leak)
PANA1.LOG/.XLS Panametrics GP68 Ambient Tracking Test

PANA2.LOG/.XLS Panametrics GP68 Valve Position Test

PANA3.LOG/.XLS Panametrics GP68 Step Response Test

PANA4.LOG/.XLS Panametrics GP68 24 Hour Stability Test

PANAS.LOG/.XLS Panametrics GP68 Dimensional Parameter Change Test
PANA6.LOG/.XLS Panametrics GP68 48 Hour Humidity Test

SIERRAL.LOG/.XLS Sierra Model 640 K Value Test at 210 SCFM

C-2
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STERRA2.L0OG/.XLS Sierra Model 640 K Value Test at 100 SCFM .
SIERRA3.LOG/.XLS Sierra Model 640 24 Hour Stability Test
SIERRA4.LOG/.XLS Sierra Model 640 24 Hour Stability Test
SIERRA5.LOG/.XLS Sierra Model 640 Ambient Tracking Test
SIERRA6.LOG/.XLS Sierra Model 640 Step Response Test

SIERRA7.LOG/.XLS Sierra Model 640 Valve Position Test

STERRA8.LOG/.XLS Sierra Model 640 48 Hour Humidity Test
SIERRA9.LOG/.XLS Sierra Model 640 24 Hour Humidity Test (4 o'clock position

C-3
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ﬁlDCEDURE NAME 216 STANDARDS CODE NUMBER REFERENCE MEER
WHC-5-RMT-3051CA REV.3 30PSIA 3C5-80-02-08S | oo 60y
DATA SHEET ‘
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APPENDIX D
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Meriam Instrument
a Scott Fetzer company

LETTER OF CERTIFICATION
LAMINAR FLOW ELEMENT

CUSTOMER NRME: WESTINGHOUSE HANFORD
CUSTOMER ORDER NUMBER: MBJ-VDV-478063

FILE NO. 040FB:001-17

MERIAM ORDER NUMBER: 757200

Meriam Instrument certifies that the conpleted LFE unit has been
calibrated and correlated at several points of flow rate using a Meriam
standard, which is controlled per the calibration system requirements of
MIL-STD-45662A and traceable to the National Institute of Standards &
Technology. The collective uncertainty of the measurement standards has a
1:1 ratio to the acceptable tolerance for the flow rate being calibrated.

The total rss uncertainty of the completed laminar flow unit is

+/- .86 % of reading.
MODEL NO.: 50MC2-4 SERIAL NO.:@ 757200-K1
FLOW CURVE/TABLE NO.: 26862
DATE OF CALIBRATION 02-07-1996 : BY éEORGE ROBOTRAY
FLOW STANDARD
SERIAL NO. DATE OF LAST CAL DATE OF NEXT CAL
68-~9606 RPRIL 1995 APRIL 1996
NIST Traceability Nos. 737/228509, 215451, 202481,

184984, 213426, 199114, 203537

The LPE unit listed hereon has beén successfully calibrated in
accordance with Meriam Instrument Procedure A-33558 rev B.

Kanenn N (¢ Crddon 9\3’}% b 296
QUALITY ASSURANCE INSPECTOR QUALITY SSURANCE MANAGER
MERIAM INSTRUMENT MERIAM INSTRUMENT
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sStandard
”\ LAMINAR.BAS VER 1.26 NOVEMBER 1995
o CALIBRATION DATE 02-07-19%6 PLOT NUMBER 116
LAMINAR MODEL # 50MC2-4 WORKING MASTER SERIAL # 68-9606
SERIAL # 757200-K1 MASTER MASTER SERIAL # 66-8606-2
CURVE ¢# 26862 JOB # 757200

uut Unit Under Test
DATA AS INPUT FROM DATA SHEET mas = Master

RH Tuut Tmas PSuut PSmas DPuut DPmas

% DEG P DEG F PSIA PSIA In H20 In H20
15.6 €8.6 69.0 14,345 14.31% 1.009 1.061
16.6 68.7 69.6 14.342 14.273 2.014 2.134
16.6 68.8 69.6 14.334 14.229 3.022 3.226
16.6 69.0 69.7 14.327 14.180 4.028 4.332
16.6 69.2 69.7 14.319 14.132 5.036 5.449
16.6 69.5 69.7 14.305 14.078 6.024 6.575
16.6 69.7 69.8 14.292 14.023 7.034 7.744
16.6 69.9 69.8 14.278 13.967 7.99%4 8.866

Al = 9.46020E+03

Master LFE coefficients Bl = -2.73395E+07

Cl = -1.27140E+11

“) REDUCED DATA, BASED ON MASTER LFE COEFFICIENTS:

DATA DP uut FLOW IN ACFM CFM* §DATA% CFM* (CURVE PERCENT
POINT InH20@Q4C BASED ON MASTER BASED ON MASTER B*DP+CXDP ERROR**
1 1.009 54.652706 54.543381 54.559998 0.03
2 2.014 108.816788 108.614526 108.611681 ~-0.00
3 3.022 162.897992 162.624035 162.543097 -0.05
4 4.028 216.485642 216.167520 216.076750 -0.04
5 5.036 269.480673 269.151390 269.436844 0.11
6 6.024 321.781332 321.535990 321.442139 -0.03
7 7.034 374.669687 374.489886 374.335974 -0.04
8 7.994 424.279641 424.210830 424.331075 0.03

*CFM = ACFM x (Flowing viscosity in Micropoise / 181.87)

*%* PERCENT ERROR = ( (CURVE-DATA) / DATA) * 100

A Least Squares Fit of the CFM(DATA) yields the following formula
and LFE uut coefficients used to generate the CFM?CURVE) values:

CFM(CURVE) = (B x DP) + (C x DP"2) Where B = 5.42091E+01l

C = -1.41293E-01

A Flow of 424.629974 CFM produces a UUT DP of 8.00 In H20
TERMINAL NON-LINEARITY = 1.080 & FOR_DETAILS_SEE
INDEPENDENT NON-LINEARITY = 0.328 % FILE NO. 501:440

PRINTOUT DATE :02-08-1996
Filename : 75720001.100

U
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: Ci
AR MoNITOR MAIL TO: Corporse Offies
: Santa Rosa, CA 95406

CORPORATION Tel: (707) 544.2706

Fax: (707) 526-9970
1050 Hopper Avenue » Santa Rosa, CA 95403

AMC W.0. No. 26616

CERTIFICATE OF CALIBRATION

Air Monitor Corporation hereby certifies that this instrument mests or exceeds all published ;peciﬁcalions and
has been calibrated using dards whose ies are ble to the National Institute of Standirds and
Tebhnology within the limitations of the Institute's calibration services, or have been derived from acceptable
\\:alues of natural physical constants, or have been derived by the ratio type of sclf-calibration techniques,

1 MASS-tron I B11024

Span: 010 0.0200 INw.c.

Temperature Input/Range: RTD, 0 to 200°F

Display Line #1: 010 0.0200 IN w.c,

Display Line #2: 010 511 AFPM

Display Line #3: 010 397 ACFM

Display Line #4: 24.00 10 32.00 IN Hg

Output #1 (Transmitter, ACFM): 4.0 10 20.0 mADC
Output #2 (Temperature, °F); 4.0 to 20.0 mADC

Output #3 (Absolute Pressure, IN Hp): 4.0 10 20.0 mADC "
Power: 24 VDC ’

/jw\///W 2/5/56

Calibrated By Da
Ll S2Z Ko
Quelity Assurence Mzﬁgcr Date
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TABLE II
TINTEK RHEOTHERM .
ORIGINAL CALIBRATION DATA FOR FUNCTIONAL TEST
Unit Serial Number - M o

I 1 ii¢ v v

Test Point Log Output Linear Rheotherm Flow Rate

TP15 (nonlinear) VDC Output Instrument Display
4-20 mA (option) 40-350 SCFM
SCFM_

-8.865 0.336 5.872 040 404
-7.779 2.861 7.157 068 69.4
-6.877 4.972 9.014 109 109.1
-6.412 6.053 10.384 139 138.8
-5.937 7.159 12.179 178 178.5
-5.649 7.843 13.550 208 208.2
-5.314 8.620 15.441 250 247.9
-5.124 9.062 16.692 278 277.6
-4.885 9.631 18.497 318 317.28
-4.733 9.975 19.722 345 347.0

An offset between data in columns I and II may appear if the instrument has undergone field
calibration.

- 1 6' l:\OFFICE\MK!\!G&SD-'I-l]lIBC



WHC-SD-WM-TRP-254 REV. 0
APPENDIX D

INTEX RHECTHE M
OUTPUT CURVE

Serizl no. _Z4po03-/ Tag no.

350

30p

Zs50

200

/50

/oo

o

BEST AVAMABLE COPY

D-14



SIERRA

INSTRUMENTS, INC,

$ HarrIs COURT, BULDING L

MONTEREY, CA 93940 USA

800-866-0200 - 408-373-0200
FAX 408-373-4402

Order Data

WHC-SD-WM-TRP-254 REV. 0
APPENDIX D

Certificate ©Of Calibration

Cust: WESTINGHOUSE HANFORD

PO#: 378734535901001
Tag#: N/A

Serial#: 25730

Sales Order#: 15324

Model#: 640-FM-L13-E2-PS-V4~-NR

No

Calibration Date:
Calibration Due Date:

. 378734535901001-25730

Application Data

02/06/96
02/06/97

Reference Data

Gas: SIR
Tenmp: 90°F

Press: 0-6" H20

Flow Range:

300.00

Output: 4-20mA

Units: SCFM

Ref. Temp:
Anb. Tenmp:

70°F
74.7°F

Ref. Press: 29.92 In Hg
Line Size: 12" SCH 40Anb. Press: 30.06 In Hg
Cal Method: Laser Doppler

Assetf: 0388
Accuracy: #1% FS+.5% R

Calibration Data
Actual Linear Indicated Tolerance Band
Flow Output Flow % Tolerance Min Max
0.00 4.000 0.00 0.00% 0.00 3.00
122.82 10.520 122.25 -15.77% 119.21 126.43
165.54 12.720 163.50 ~53.30% 161.71 169.37
218.83 15.670 218.81 ~0.43% 214.74 222.92
300.00 20.000 300.00 0.00% 295.50 304.50
Telerance
100.0
5.0
59.0
Ezr..o
Eoo —— ;
. A2 3488 f‘v—mzs:uqxsasx-nuxs;nz:za;«qzsz&z?‘tzvso
i Fioshex -~ 30
-s0.0 e
-7s.e
-100.0

The calibration standards use

or applicable international standards.

This instrument has b
of ANSI/NCSL 2540-1 a

een calibrated in accordance w
nd ISO/IEC GUIDE 25.

Calibration Technician é;/ééﬁéz : Q.C. Technician

Date 23/¢/¢f

Date ££R [39é

d in this procedure are tracable to NIST

ith the provisions
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