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RESULTS AND CODE PREDICTIONS FOR ABCOVE AEROSOL
CODE VALIDATION WITH LOW CONCENTRATION NAOH
AND NAI AEROSOL -- CSTF TEST AB7

R. K. Hilliard
J. D. McCormack
L. D. Muhlestein

ABSTRACT

A program for aerosol behavior code validation and: :evaluation (ABCOVE) has
been developed in accordance w1th the LMFBR Safety Program Plan. The ABCOVE
program is a cooperative effort between the USDOE, the USNRC, and their
contractor organizations currently involved in aerosol code development,
testing or application. The third large-scale test in ‘the ABCOVE program,
AB7, was performed in the 850-m> CSTF.vessel with a two-spec1es test

aerosol. The test conditions involved the release of a simulated fission
product aerosol, NaI, into the containment atmosphere after the end of a small
sodium pool fire. Four organizations made pretest predlctlons of aerosol
behavior using five computer codes. Two Of the codes (QUICKM and CONTAIN)
were discrete, multiple species codes, while three (HAA-3, HAA-4, and HAARM-3)
were log-normal codes which assume uniform coagglomeration of different
aerosol species. Detailed test results are presented and compared with the
code predictions for eight key aerosol .behavior parameters.
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RESULTS AND CODE PREDICTIONS FOR ABCOVE
AEROSOL CODE VALIDATION WITH LOW
CONCENTRATION NaOH AND Nal AERQSOL -- CSTF TEST AB7

1.0 INTRODUCTION

A program for aerosol behavior code validation and evaluation (ABCOVE) has
been developed in accordance with the LMFBR Safety Program Plan. The ABCOVE
program is a cobperatiVe effort between the U.S. Department of Energy, the
U.S. Nuclear Regulatory Commission, and their contractors currently involved
in nuclear aerosol code development, testing or application. The purpose of
~ the ABCOVE program is to provide a basis for judging the adequacy of existing
aerosol behavior computer codes to describe inherent aerosol attenuation in
containment buildings during postulated accidents. The program involves
both analytical calculations by code developers and users and large-scale
confirmatory tests in the 850-m3 containment vessel of the Containment
Systems Test’Faci1ity (CSTF). A key element of the ABCOVE program is that
all code calculations are made without knowledge of the experimental results
and thus give a true measure of the code capabilities without benefit of

post-test fitting.

Each ABCOVE test is carried out in four stages: plannning and pretest
computer code predictions, test performance and analysis, blind post-test
computer code calculations based on actual test conditions and comparison of
code predictions with the experimental measurements. During the planning
stage, the test conditions (containment'geometry, thermal conditions, and
aerosol source information) are specified as coﬁp]ete]y as possible to
eliminate aS»ménthqurcés of discrepanéies in the code calculations as
possible. - However, code input parameters regarding aerosol behavior are not
specified, and each participant is free to excercise his own judgement as to
the propér values for such parameters as shape factors, collision efficiency,
and boundary layer thickness for diffusional deposition. Most participants
selected values for these parameters which gave good agreement with
available test data.
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Three ABCOVE tests have been performed in the CSTF ﬁo.Jate. The first test, '
(1),

single-species aerosol was used in Test AB5, with the aerosol being generated

- o GRS — oy

AB5, was performed in September, 1982 and the results Qere feported.

by spraying sodium at a high rate into an air atmosphere. The conditions
for test AB5 were conducive to high agglomeration and settling rates, a
condition applicable for severe LMFBR accidents. The results of test AB5
and the associated computer code ca]cu]ations were encouraging in that
important aspects of aerosol behavior, such as total leaked mass and
suspended concentration during the aerosol source period were predicted
reasonably well. However, there were significant discrepancies among the
codes for some of the aerosol parameters, notably suspendéd concentration
after source cutoff and plated mass on vertical surfaces.

The second test in the ABCOVE series, AB6, was perfokmed July 19, 1983(2)”
The primary purpose of test AB6 was to demonstrate coagg]dmeration behavior
of two different aerosol species with overlapping source periods, and to
determine the capabilities of existing aeroéo],behavior codes to predict the
behavior of each species. The experimental conditions simulated an accident
environment in which a fission product, Nal, was released in the presence of
a sodium spray fire. Test AB6 prbvided‘useful information énd insight into
Nal behavior during a severe sodium fire accident condition, but conclusions
regarding the codes' capabilities to predict the NaI behavior were clouded
by the possible presence of unmodeled phenomena such as resuspension of
deposited aerosol and decomposition of Nal.

The present report describes the third and final test in the ABCOVE serfes,
test AB7, and compares the computer code predictions with experimental
results. The primary purpose of test AB7 was similar to that of test AB6,
but the thermal conditions were much milder, thereby reducing resuspension
and decomposition processes to negligible effects.




2.0 SUMMARY AND CONCLUSIONS

The third test in the ABCOVE series, AB7, was performed on September 25,
1984, in the 850-m3 Containment Systems Test Facility (CSTF) vessel. The
test conditions involved the release of a simulated fission product aerosol,
sodium iodide (Nal), into the containment vessel atmosphere after the end of
a small sodium pool fire. The quantity of sodium oxide released during the
sodium pool fire was so low that all of it was reacted to sodium hydroxide,
NaOH, aerosol by moisture in the containment atmosphere. The maximum
suspended mass concentration of NaOH was 3 g/m3, approximately 10% of that
attained in test AB6 and only approximately 2% of the maximum reached in
test AB5. Thus, the agglomeration rate was much lower in test AB7 than in
previous ABCOVE tests. Approximately the same quantity of Nal was released
in test AB7 as was released in test AB6, giving a maximum concentration of

0.42 g/m3 in the present test.

The timing of the Nal release was critically different in the two tests. In
test AB6, the Nal was released during the sodium fire and the sodium fire
was continued well past the end of the Nal source. In the present test, the -
Nal source period began at the end of the NaOH source period. Coagglomera-
tion behavior was significantly different in the two tests due to the rela-
tive timing of the Nal-source periods. In the present test, the NaOH
aerosol source period was from 0 to 600 s, while the Nal source began at
600 s and ended at 2400 s.

The thermal conditions in the containment vessel were quite mild, with a
maximum atmosphere temperature of 34°C and absolute pressure of 122 kPa.
Natural convection was probably hinimal during this test; nevertheless, mix-
ing was good and uniform aerosol concentration was quickly attained through-
out the atmosphere. Resuspension effects were believed to have been negli-
gible due to the low convection velocities and the sticky nature of the
aerosol deposit compared to that of test AEB.




The Nal aerosol was generated ex-containment by a volatilization-
condensation processs and injected into the containment atmosphere with a
nitrogen carrier gas. The aerodynamic mass median diameter (AMMD) of the
Nal source was 0.80 um, with a geometric standard deviation, % of 1.60,
while the NaOH aerosol AMMD was 2.05 um with a o of 1.63.

Pretest computer code calculations were made by all participants, based on
the initially intended test conditions. Due to equipment malfunction, the
conditions under which test AB7 was actually performed varied considerably
from the test plan specifications. For this reason, the pretest code
predictions are not reported in this document. The actual test conditions
were provided to the ABCOVE participants and four of them performed "blind"
post-test calculations. The blind post-test predictions were made without
knowledge (except for the HEDL participant) of the test measurements of
aerosol behavior. No effort was made to improve the agreement of code and
test results by post-test adjustment . of input parameters, such as particle
shape factors and source part1c1e size.

Five codes were used in the blind post-test calculations. They were
HAA-303) | haa-al®) | HaarM-305) | coNTAIN(®) and quickm{7). Each of the codes
has unique differences in its modeling of physical processes, approach used
for solution of the integro-differential aerosol agglomeration equation,
capability of accounting for multiple aerosol species, and stage of develop-
ment. Each code has its advantages and limitations. The first three listed
above are "log-normal" codes, so called because they assume the aerosol size
distribution to be log-normal at all times. The Tast two of the codes listed
above are "discrete," i.e., the aerosol size distribution is divided into a
number of discrete size groups. Treatment ofhmultiple aerosol species is
handled differently by each of the two classes of. codes. The log-normal
codes assume that particle composition is independent of size, i.e., that

the aerosol is uniformly coagglomerated. The discrete codes assume that the
particles within each discrete size group have uniform chemical composition,

but allow the composition to vary between size groups.




’
éach code user reported the predicted magnitude of eight output parameters
that describe aerosol behavior. The reported parameters include: suspended
mass concentration, aerodynamic mass median diameter of suspended aerosol,
geometric standard deviation of particle size distribution, aerodynamic set-
tling mean diameter, Teaked mass, settled mass, plated mass, and instanta-
neous combined removal rate. Most of these parameters were reported for
both aerosol species. All code results were reported in digital format at
12 specified times to facilitate comparisions.

Specific conclusions and summary statements supported by the reported work
are as follows:

(1) The test measurements show that the aerosol was not uniformly
coagglomerated, as evidenced by.the Vgrying chemical composition
of aerosol deposit on cascade impactpr stages and the different
rates of fallout for the two aerosol species. The impactor stages
which collected small particfes were significant]y richer in Nal
than were the stages which collected large particles at all times.
This observétion is compatible with the fact that the rate of Nal
removal from the atmosphere Wés a1Ways less than that of NaOH,
since sedimentation was shown to dominate the removal process for

both aerosol species.

(2) Significant differences in the predictions of Nal behavior is
noted between the two classes of codes (discrete, sectionally
uniform codes and log-normal, uniform coagglomeration codes).

(3) The discrete, sectionally uniform-codes (CONTAIN and QUICKM)
"~ agreed well with one another and were in excellent agreement with
mbst experimental measurements for both NaOH and Nal for all times
" to 2x10° s. Furthermore, they correctly predicted the slower
removal for Nal than for NaOH in the present test, as they had
also correctly predicted the faster removal of Nal than NaO, in

test g6 %) .




(5)

(6)

4

The log-ndrmal, uniform coagglomeration codes (HAA-3, HAA-4 and
HAARM-3) showed signifiCdnt variability within their class, with
HAA-4 generally giving better agreement with experiment. These
codes predicted the fallout behavior of the dominant mass aerosol
species (NaOH) fairly well at early times (less than 2400 s), but
greatly underpredicted at long times, as they had done in previous
ABCOVE tests. They greafly overpredicted the suspended
concentration of the minor mass species (Nal) after the end of the
Nal source.

Leaked mass was predicted more accurately than was suspended mass
concentration at discrete times. The discrete codes predicted the
total leaked mass of NaOH within 7%; the leaked mass of Nal within
20%. The log-normal codes underpredicted the leaked mass of NaOH
by a factor of two; the leaked mass of Nal by a factor of
approximately 5.

Sedimentation was by far the dominant aerosol depletion process
for both NaOH and Nal species. Settled maés was 11 times greater
than plated mass for NaOH; 45 times greater for Nal, even though
plating area was 8.5 times greater than the upward facing hori-
zontal surface area. All of the codes predictéd that sedimenta-
tion was dominant, but significant variations between code predic-
tions of plated mass were noted.

Both aerosol species were deposited on interior vertical surfaces
(no heat sink) to essentially the same or greater extent as on the
outer vessel vertical walls (heat sink). This is a similar finding
to that obtained in previous ABCOVE tests, and shows that thermo-
phoresis was not the dominant process for deposition onto vertical
surfaces. The experimental results suggest that impaction and
interception may be the important mechanisms for wall deposition.
These processes are not modeled in any of the codes involved in
the ABCOVE program.




(12)

The measured particle size distribution of suspended aerosol was
predicted more accurately by the discrete codes than by the log-
normal codes for both species. All five of the codes correctly
predicted the'increase in median size and in geometric standard
deviation after the end of the source periods, but the predicted
magnitudes varied greatly.

The containment .atmosphere was fairly well mixed by the weak con-
vection currents. At times after the end of the aerosol sources,
the suspended concentration was reasonably uniform, as measured by
10 samplers located at various elevations and radii in the vessel.

No code was used by more than one participant in the present
exercise, so no new information was obtained on the effect of
user-selected input on code performance.

The data obtained from the AB7 experiment and code effort suggest
that only codes which properly account for the variation in
agglomerate composition as a function of agglomerate size can
correctly predict the behavior of the minor mass constituents in
multiple species aerosol situations where the individual species
have different source periods. Further assessment is needed
before this conclusion can be extended to other conditions.

No attempt has been made to prebare a summary report covering all
three ABCOVE tests and the attendant code calculations. Further,
no attempt has been made to evaluate or rate individual codes.

1, 2) and the present docu-

The documentation provided ear]ier(
ment can serve as a good basis for such a summary and evaluation

if such an effort is made in the future.




3.0 EXPERIMENTAL FACILITY AND PROCEDURE

3.1 FACILITY DESCRIPTION

The test was performed in the Containment Systems Test Facility (CSTF). The
chief feature of the CSTF is the model containment vessel which is located
within a ventilated concrete building. Other features include a sodium
supply system, instrumentation systems, control room and data acquisition
system, data reduction and analysis systems, chemical laboratory rooms,
utility services, maintenance shop and offices.

3.1.1 Containment Vessel

The CSTF containment vessel (CV) is a 850—m3 (30,000-ft

vessel with a design pressure of 0.517 MPa gauge (75 psig). It is installed
in a concrete pit with the top half extending above the elevation of the
main building work area, as shown by the schematic elevation view in Fig-
ure 3-1 . A1l interior surfaces are coated with a modified phenolic paint,
and exterior surfaces are covered with a 25.4-mm layer of fiberglass
insulation with an outer aluminum vapor barrier. Additional details of the

3) carbon steel

containment vessel are provided in Table 3-1.

3.1.2 Sodium System

Commercial grade sodium, procured in 400-1b solid pack drums, was melted in
a portable clam shell heater and charged into the sodium supply tank. The
supply tank was suspended from a load cell so that the combined weight of
tank and sodium could be measured as a function of time. Approximately 33 m
of Schedule 40 1/2-inch pipe connected the tank to the spray nozzle, as
shown in Figure 3-1. Two valves and a magnetic flowmeter were located in

the sodium Tine.

A single sodium spray nozzle* was installed at the -6.1 m elevation (2.38 m
above the catch pan). The nozzle was oriented to spray upward at the vessel

centerline.

*Spraying Systems Co., Wheaton, IL 60187, Model 1/4 BAZ.
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3.1.3 Sodium Iodide Aerosol Generator

Nal aerosol was generated by vaporizing Nal salt in a nitrogen carrier gas
stream and then creating aerosol by a nucleation and condensation process.
The latter was induced by rapidly mixing the hot Nal vapor with cold nitrogen
in a nucleator vessel. A sketch of'thé generation equipment is shown in

Figure 3-2.

The vaporizer was fabricated of 304 SS 10-in. Schedule 40 pipe and had a
height of 530 mm. It had a flat bottom and a dished top head. Its design
pressure was 82.7 kPa at 870°C (12 psig at 1600°F). It had a gas sparge
ring with 188 4.8-mm diameter holes located near the bottom.

The nucleator was fabricated of 304 SS 12-in. Schedule 40 pipe with two
dished heads and an overall height of 1.73 m. Its design pressure was
82.7 kPa at 430°C (12 psig at 800°F). Its volume was 0.125 m3.

The procedure for generating Nal aerosol was to charge 19 kg of Nal crystals
into the vaporizer and to heat the vaporizer to 875°C in an oven. At this-
temperature Nal is a liquid with a vapor pressure of approximately 18 mm
Hg.(8) Nitrogen gas heated to 840°C was hetered and injected to the

sparge ring, which was immersed approximately 120 mm be]ow_the surface of
the Nal pool. The hot nitrogen gas, carrying some Nal vapor, exited from
the top through a 38-mm diameter pipe to the inlet of the nucleator. The
gas was kept superheated by an electric heater. Immediately upon entering
the nucleator it was mixed with cold nitrdgen to give a 220°C mixture
temperature. The gas-aerosol stream was sent to a bypass filter during the
- heatup stagé,.and was valved to the containment vessel (CV) at the desired
time. The pipe leading to the containment vessel was 38-mm ID and it
projected horizontally 400 mm past the CV wall at a CV elevation of -4.57 m
and an azimdth of'85l (See Appendix A fof a description of the CV coordin-
ate system). At the end of the Nal injection period, the Nal aerosol stream
was va]véd back to the bypass filter and the heaters were shut off.
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‘TABLE 3-1
CSTF CONTAINMENT VESSEL PROPERTIES

11

General
Code ‘ASME Section VIII, 1962
Material Carbon Steel, SA 212-B
Interior paint (phenolic) 0.51 mm (0.020 in.)
Exterior thermal insulation Fiberglass, 25 mm thick, k = 0.0467
W/m°C at 100°C; sp heat = 753 J/kgK;
o = 96 kg/m3
Design pressure 0.517 MPa at 160°C (75 psig at 320°F)
Nominal leak rate 1.0% per day at 69 kPa overpressure
Normal total emissivity of paint 0.9
Dimensions
Diameter (1ID) 7.62 m (25.0 ft)
Overall height 20.3 m (66.7 ft)
Cylinder height 16.5m (54.0 ft)
Enclosed volume 852 m3 (30,086 ft3)
Weight, kg (1b)
Top head 9,345 (20,600)
Bottom head 9,345 (20,600) -
Cylinder 51,320 (113,100)
Penetrations and doubler plates 7,125 (15,700)
Catch pan 500 (1,000)
Internal components 13,840 (30,450)
Total weight . 91,475 (201,450)
Surface Areas for Heat Transfer, m2 (ft2)
Top head 63.0 (678)
Bottom head 63.0 (678)
Cylinder 394 (4,242)
Total area for heat transfer to environs 520 (5,598)
Internal components . 221 (2,380)
Surface Areas for Aerosol Settling, m2 (ft?l
Bottom head (unshaded area) 36.7 (395)
Catch pan- ' 11.1 (120)
Personnel deck 4.2 (45)
Internal components 36.2 (390)
Total 88.2 (950)




TABLE 3-1 (CONT.)

CSTF CONTAINMENT VESSEL PROPERTIES

Surface Areas for Aerosol Plating, m2 (ft?l
Vessel shell
Internal components
Total

Thickness for Heat Transfer, mm (in.)

(Average lumped values)*
Top head

Bottom head

Cylinder

Internal components

*Average Thickness = ( Weight )
(area) density of steel)

12

520
232
752
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3.2 EXPERIMENTAL MEASUREMENTS

The methods and instrumentation for the experimental measurements used in
this work have been described previously.(g) The measurements are
summarized in Table 3-2 and discussed briefly in the following paragraphs.

3.2.1 Aeroso]l Characterization

The careful characterization of the test aerosol was an important part of
the present work. The suspended mass concentration, the particle size
distribution, and the chemical composition were measured periodically by
direct sampling at various times and locations throughout the tests.

The mass concentration of suspended particles was measured as a function of
time by periodically passing a measured quantity of gas through small
filters located directly in the containment atmosphere and subsequently
analyzing the material collected on the filter for Nal and Na. Two types of
sampling techniques were used: in-vessel filter clusters located at
‘different elevations and radii, and through-the-wall (TTW) samplers inserted
and retrieved through air locks on the vessel wall. The locations of the
six in-vessel clusters and the four TTW sampling stations are given in

Table 3-3.

The aerodynamic size distribution was determined by sampling with cascade
impactors inserted through the wall. Two types of cascade impactors were
used: Andersen Mark III 8-stage* and Sierra model 225 6-stage**. Previous
tests have shown that these instruments give good agreement when proper
sample sizes are taken and proper calibration data are supplied. Glass
fiber collection surfaces provided by the manufacturers were used.

The instantaneous deposition rate of particles was measured by exposing

*Andersen Samplers, Inc., Atlanta, Ga.
**Sierra Instruments Co., Inc., Carmel Valley, CA.

14




TABLE 3-2
EXPERIMENTAL MEASUREMENTS AND ACCURACY

Gl

No. of No. of  Standard

Measurement(b) Locations Times Error Method
Suspended aerosol mass concentration 6 1 + 25% In-vessel filter clusters
Suspended aerosol mass concentration 4 24 + 15% Through-the-wall samplers
Aerosol particle size and o 1 12 + 20% Cascade impactor
Aerosol instantaneous deposition rate 2 4 + 20% Through-the-wall coupons
Integral.settled mass/unit area 23 1 + 10% Fall-out pans
Integral plated mass on vessel walls per unit. area 8 1. + 20 Vessel wall smears
ARerosol mass deposited in catch pan 1 1 + 10% Wash and analyze for Na
Total settled aerosol mass 1 1 +10% Wash vessel floor
Total aerosol wall plateout 1 1 + 30% Wash vessel walls
Temperature of containment atmosphere 28 (a) + 2% Thermocouples
Temperature of vessel surface 18 (a) + 2% Thermocouples
Temperature of Na sprayed 2 (a) + 2% - ' Theymoéouples
Containment pressure 1 (a) + 1% Preésufe transducer
Containment 02 cqncentration 2 (a) + 2% On-line 02 analyzer -
Containment H2 concentration 1 (a) + 20% On-line H2 analyzer
Containment moisture concentration 2 (a) + 30% On-line humidity analyzer
Sodium spray mass flow rate 1 (a) +10% Magnetic flowmeter and load cell
Overall Na and Nal mass balances N/A 1 +10% Weighing, washing, volume chem,

{a) Continuous
(b) For Na and Nal, as appropriate

analysis, calculation




TABLE 3-3
AEROSOL SAMPLE LOCATIONS

cv

‘Nozzle Elevation Azimuth(2) Radius
Station No. No. (m) (degrees) (m)
Through-the-wall
T1 N2A + 6.1 225 3.73
T2 N3A + 1.5 ) 290 3.73
T3 N33 + 1.37 135 3.73
T4 N17A - 5.8 85 3.73
In-vessel clusters
Cl --- + 9.45 240 1.43
C2 -——- + 6.70 - 270 2.74
C3 -—— + 3.66 270 2.74
Ca --- + 0.30 180 2.74
C5 -——- - 6.70 180 2.74
3 -— - 6.70 0 2.74

(a) Clockwise looking down, zero degrees at center of
2.44-m equipment hatch. (See Appendix A).
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cbupons in a horizontal orientation for brief periods at a through-the-wall
station. The top surface of the coupon was washed and the rinse water
analyzed for sodium. The deposition rate was calculated as a total mass
flux of particles. No information was obtained on settling as a function of
particle size by this technique. The "deposition velocity" was calculated

by dividing the flux by the airborne concentration.

Additional information regarding the CSTF aerosol characterization methods
is provided in Reference (9).

3.2.2 Temperature Measurements

' ®
A1l temperatures were measured by calibrated Chromel-Alumel thermocouples
with stainless steel sheaths. Readout was in parallel on strip chart
recorders, magnetic tape, and paper tape. The location of the thermocouples

are listed in Appendix A.

3.2.3 Pressure Measurements

The absolute and gauge pressure in the containment vessel was measured by a
pressure transducer and a Heise gauge. In addition, the differential pres-
sure across the sodium spray nozzle was measured by a differential pressure

transducer.

3.2.4 Gas Analysis System

The composition of the containment gas was measured continuously at two
locations (+6.1 and -6.7 ‘m elevation) by pulling samples through tubing to
on-line analyzers located ex-vessel. Filters were provided at the tube
inlet to prevent aerosol from entering the analyzers.

®Chromel-Alumel is a registered trademark of the Richmond Machine Products
Corp, Staten Island, NY
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3.2.5 Data Acquisition System

Many of -the key experimental measurements were made manually and period-
ically, e.g., filter samples, cascade impactor samples, electron microscope
samples, and samples for chemical analyses. The data associated with'these
manual samples were logged by technicians onto data sheets or recorded in

notebooks.

The on-line instrumentation included thermocouples, pressure transducers,
sodium flowrate meter, sodium supply tank load cell, and gas analyzers for
02 HZ and water vapor. The output of these sensors was recorded in
parallel on strip chart recorders and on a 140-channel digital data acquisi-
tion system (DAS)*. For test AB7, 118 channels were recorded on magnetic
tape every 50 séconds initially, with decreasing frequency at later times.
Information on identification of data recorded on each DAS channel is
provided in Appendix A. Digital output for all channels for the initial 60
minutes is presented in Appendix B. For times greater than 60 minutes the
measured parameters changed more slowly, and summary tables of average
temperature and pressure data extending to 20 hours are presented in

Appendix C.

3.3 CHEMICAL ANALYSES

Filter papers from cascade impactors, through-the-wall aerosol concentration
samplers, and in-vessel filter clusters were analyzed for sodium by either
acid titration or emission spectrometry. Analyses for iodide was by ion
specific electrode. Appropriate blank corrections were made to account for
background sodium and iodine in the filter paper and demineralized water.

*John Fluke Manufacturing Co., Inc. Mountlake Terrace WA 98043
Datalogger Model 2240.
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3.4 EXPERIMENTAL PROCEDURE

The following key activities were performed during test AB7:

° Preparation of a Test Plan describing the intended test conditions.
o Pretest computer code predictions. '

° Preparation of detailed Test Operating Procedures.

° Installation of sodium spray and Nal generation systems.

e Installation and calibration of instruments.

° Pretest photography.

. Drying of the CV to constant, normal humidity air.
. Sealing the vessel so that it was essentially leak-tight.
. Inject air to establish desired pretest pressure (118.3 kPa

absolute).

° Charge sodium to sodium supply tank and preheat to test
temperature (590°C). ‘ '

. At time zero (to), open sodium valve to start sodium flow. (The
TV monitor showed that sodium drops fall from high in the
containment vessel immediately after the valve was opened.
Post-test inspection showed that the sodium accumulated and burned
as a pool at the -1.7 m elevation.)

. At 20 seconds after Fo’ close sodium valve, stopping sodium
flow. (Sodium continued to burn as a pool fire for 10 minutes.)

. Make test measurements according to Section 3.2.

. At 10 minutes after to, start Nal aerosol injectionlfo
containment atmosphere. . . ) “

° At 40 minutes after té, termihéte Nal aerosol injection'by
closing valve to containment .and opening valve to bypass filter.

] Continue to make test measurements for 1650 minutes.

) At 44 hours after t , start air purge of containment vessel.

° At 45 hours after t,» open personnel door, take pictures and
samples.

. Clean up containment vessel and Nal equipment and make mass
balances.

. Perform chemical analyses.

° Issue report of actual test conditions.
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. Blind post-test computer code calculations performed.

° Data reduction and engineering analyses performed.
° Comparisons made of code predictions with experimental results.
3.5 TEST CONDITIONS

The test conditions for test AB7 are summarized in Table 3-4.

TABLE 3-4

SUMMARY OF TEST CONDITIONS FOR TEST AB7 °

Test Condition

Initial Containment Atmosphere

Temperature, mean (°C)
Pressure, absolute (kPa) --
Oxygen concentration (vol %)
Dew point (°C) : T
‘Nominal leak rate (% per day)

Sodium Spill S

Sodium flow rate (g/s) -
Sodium flow duration (s)

Sodium fall distance (m)
Sodium mass delivered (kg)
Initial sodium temperature (°C)
Pool fire burning area (m¢)
Pool fire burn duration (s)

Containment Conditions Duking Test

(See Appendices A and B for time-dependent data)

Maximum average temperature of atmosphere (°C)
Maximum-average temperature of steel vessel (°C)
Maximum pressure, absolute (kPa)

Final oxygen concentration (vol %)

Final dewpoint (°C)

Hydrogen concentration (vol %)

20

Value

23.9
118.4
20.95
1.5
1.0

322
20
10.0
6.434
590
0.93
600

33.7
25.2
122.6
20.25
1.3
<0.1




TABLE 3-4 Cont'd

NaOH Aerosol Source

Chemical form NaOH
Material density (g/cmd) 2.13
Mass ratio, NaOH to Na 1.74
Initial concentration ' 0
Start time for aerosol release (s) 0
Stop time (s) 600
Release rate (g NaOH/s) 5.03
Total NaOH release (g) : 3018
Source 50% diameter (um) 0.5
Source geometric standard deviation 2.0

Nal Aerosol Source

Chemical form Nal
Material density (g/cm3) 3.67
Initial concentration 0
Start time for aerosol release (s) 600
Stop time (s) 2400
Release rate (g Nal/s) _ 0.197
Total Nal aerosol released (g) 354.6
Source 50% diameter (um) : 0.54
Source geometric standard deviation 1.55
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4.0 EXPERIMENTAL RESULTS

4.1 GENERAL OBSERVATIONS

Zero time (to) for test AB7 is defined as the instant that sodium started
to flow to the containment vessel. It occurred at 12:00:00 noon on
September 25, 1984, The television monitor showed a bright light and large,
glowing drops coming from a high elevation in the containment atmosphere
immediately after the sodium valve was opened. The valve was closed at
12:00:20. Post-test inspection revealed that a tube fitting that connected
a nitrogen purge line to.the sodium line at the +8.23-m elevation had
Toosened and allowed sodium to flow from the full 11-mm diameter opening.
The horizontal sodium stream impinged the vertical web of a 14-inch I-beam
located approximately 0.5 m from the tube fitting and fell to a small
horizontal ledge at the -1.68 m elevation, where it accumulated and burned
as a pool fire. Some burning may have occurred as the drops fell to the
ledge. Figure 4-1 is a photograph of the personnel platform where the pool

fire occurred.

The visibility in the containment atmosphereldecreased to approximately

0.5 m within a few minutes after the spill and remained at that value for 40
minutes before it began to increase. Periodically during the first seven
minutes a flickering, diffuse orange flow was observed through the lower
windows. No change in the visual appearance of the aerosol was noticed
during the period that Nal aerosol was being injected.

The containment vessel was kept sealed until 2640 minutes after the spill,
when a fresh air purge was begun. At 2700 minutes, the vessel was entered,
photographs were made, and samples were taken. The aerosol deposit was much
lTighter than in previous CSTF tests. Figure 4-2 shows that there was a thin
white layer on upwared facing horizontal surfaces, but no visual evidence of

aerosol on vertical surfaces.
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FIGURE 4-1. Post-Test Photograph of the Pool Fire Region. Neg 8406565-10cn
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FIGURE 4-2. Post-Test View of the Aerosol Deposit on the Containment Vessel
Bottom Head. Neg 8406565-6¢n
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Tﬁe data logger output for the first 60 minutes is Tisted in Appendix B in
digital form. Data for longer time periods are given in Appendix C and the
text.

4.2 NaOH AEROSOL GENERATION

A loose tubing fitting on a tee in the  1/2-inch sodium line failed
immediately after the sodium flow began. The failure was such that sodium
leaked from the full 11-mm diameter opening and fell to the personnel deck
at the -1.68 m elevation (7.6 mzabove the bottom of the containment vessel),
where it formed a pool of approximately 1 m area and burned as a pool fire.
The flow of sodium was stopped at 20 seconds by closing a valve in the
delivery line. The duration of the pool fire is believed to have been
approximately 10 minutes. The sodium oxide aerosol that was released from
the burning sodium was quickly coverted to NaOH aerosol by moisture in the

containment atmosphere.

4.3 Nal AEROSOL GENERATION

The Nal aerosol generation system is described in Séction 3.1.3. During

- startup, the aerosol was sent to a bypass filter until steady-state condi-
tions were attained. At 10 minutes after time zero, it was valved to the
containment vessel (CV) and the generation rate maintained constant until

the end of the Nal source period thirty minutes later, when it was valved
back to the bypass fi]ter(during generator cool-down.

The temperature of the molten Nal pool in the vaporizer averaged 871 + 4.5°C,
as measured by a thermocouple in a submerged thermowell. The volumetric
flow rates of nitrogen streams to the vaporizer and nucleator vessels were
kept constant by a technician assigned to the flow control system. Since
the vapor pressure of Nal varies by less than 2% for the measured
temperature variation, the volatilization rate can be considered constant.
For constant deposition rate in the nucleator and lines, the release to the

containment vessel was constant.
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4.4 CONTAINMENT RESPONSE

4.4.1 Containment Temperature and Pressure

Very little heat was released by the burning sodium, compared with previous
CSTF tests. Gas temperatures and pressures remained fairly constant at
27.0 + 3.0°C and 120 + 1.5 kPa, respectively. More detailed temperature and

pressure information is provided in Appendices B and C.

4.4.2 Containment Atmosphere Composition

The gaseous composition of the containment atmosphere was determined contin-
uously by monitoring flowing gas streams extracted from the vessel at two
different locations. The gas streams were analyzed for oxygen,* hydrogen,**
and water vapor dew point.*** The on-line measured concentrations are
reported in volume percent for oxygen and hydrogen and the dew point in °C

for water vapor in Appendix B.

The initial containment atmosphere was air with 20.95 vol % oxygen and 1.5°C
dew point. The final oxygen concentration was. 20.25 vol % and the final dew
point was 1.3°C. A leak from a water pipe is thought to have added a small
quantity of water to the atmosphere. The hydrogen concentration was

undetectable.

4.4.3 Conversion Factors for Standard to Actual

Containment Conditions

The volume occupied by a given molar quantity of gas in the containment
atmosphere varied throughout the test as the gas temperature and pressure
varied. Aerosol sampling was performed with rotameters calibrated for
standard conditions (1 atm, 0°C). The ratio of standard to actual volumes
in the containment atmosphere are listed in Table C-1, Appendix C.

*Beckman Instruments, Inc., Fullertone, CA, Model 7003.
**Teledyne Analytical Instruments, San Gabriel, CA, Model 102.
***General Eastern Instrument Corp., Watertown, MA, Model 1100A.
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4.5 AEROSOL SOURCE TERM

4,5.1 NaOH Aercsol Source

The chemical form of the sodium fire aerosol was NaOH. Although some
hydration may have occurred, all calculations in this report are based on

anhydrous NaOH.

4.5.1.1 NaOH Aerosol Release Timing

The NaOH aerosol release began at time zero (to) and continued until the
end of the pool fire ten minutes later (t= 600 s).

4,5,1.2 Sodium Mass Balance

The sodium supply tank was supported by a load cell which sensed the weight
of tank plus sodium. The load cell reading decreased by 5.86 kg during the
spill. A total of 6.43 kg (as Na) was‘accounted for in the washes of the
containment vessel and in the samples. The mass determined<by containment
washing is believed to be more accurate because of uncertainty of sodium

~ holdup in the piping and hysteresis error in the load cell system. A sodium

mass blance is given in Table 4-1.

TABLE 4-1
SODIUM MASS BALANCE

kg
Sodium tank weight loss 5.86
Mass Na recovered by washing
vessel and in samples 6.43
Difference + 0.57
(+9.7%)
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4.5.1.3 NaOH Aerosol Release Rate

Based on the post-test washing of the containment vessel, 6.43 kg of sodium
were released to containment during the 20:second spill. On the basis of
previous pool fire tests in the CSTF, it is assumed that 27% of the sodium
was aerosolized, or 1737 g. Thus, 3020 g of NaOH aerosol was released.
Assuming that the release occurred at a constant rate over the 10-minute
period, the NaOH aerosol release rate was 5.03 g/s.

4.5.1.4 NaOH Source Particle Size

Cascade impactor samples taken shortly after the end of the release period
showed that significant agglomeration had occurred, probably in the high
concentration region near the burning sodium. No information was obtained
on the size of the primary particles, so the recommendation is made that the
same size distribution assumed for test AB6(2) be used as code input.

This is a mass median diameter of 0.5 um and a geometric standard devia-
tion, o, of 2.0. ‘The density of the primary particles is assumed to be
that of NaOH, 2.13 g/mS.

4.5.2 Sodium Iodide Aerosol Source

4.5.2.1 Nal Source Timing

Release of Nal aerosol to the containment atmosphere began at 600 seconds
after to and ended at 2400 seconds.

4.5.2.2 Nal Source Release Rate

A total of 355 g Nal was accounted for in the containment vessel washes.
Substantiation of this value by other means was not possible due to
operating difficulties. However, this value is believed to be accurate to
+ 10%. Assuming that the release was constant over the 1800-s release
period, the average Nal release rate to the containment atmosphere was
0.197 g/s. The Nal generation method is described in Section 3.1.3.
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4.5.2.3 Nal Source Particle Size

Cascade impactor samples taken.shortly after the start of Nal aerosol
release showed that the source size distribution for Nal was essentially the
same as used as code input for test ABG(Z). The mass median diameter
(dSO) was 0.54 um and the geometric standard deviation (og) was 1.55.

4.6 AEROSOL SUSPENDED MASS CONCENTRATION

The containment atmosphere was reasonably:well mixed at all times during
test AB7. The uniformity of suspended mas§ concentration can be seen in
Tables 4—2 and 4-3 for NaOH and Nal, respectively. In Tables 4-2 and 4-3
the elevation of through-the-wall (TTW) saﬁp]e station T1 was +6.1 m,
stations T2 and T3 were +1.5 m, and station T4 was at -5.8 m. The NaOH
concentration was more uniform than that of the Nal aerosol at times during
Nal injéction. Near the end of the Nal injection period and afterwards, the
Nal concentration was also quite uniform.

In addition to the TTW samp]es; six filter clusters were installed within
the containment atmosphere at elevations ranging from +9.45 m to -6.7 m (see
Table 3-3). The average values for the suspended concentration of NaOH and
Nal measured by the filter clusters are listed in Tables 4-4 and 4-5. The.
average values measured at the same times by the TTW samples are also listed
in Tables 4-4 and 4f5. Good agreement between the two sampling methods is
indicated in the tables for Nal aerosol, with less favorable agreement for
NaOH. The filter cluster method averaged 25% lower than the average value
for the TTW sample for NaOH aerosol. For Nal, the filter clusters averaged
4% lower than the TTW samples, except for the first sample time; when the

" Nal was not well mixed. It is concluded that the average value for all ten
sampling stations gives the most accurate value for average suspended

concentration in the entire vessel.
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TABLE 4-2

SUSPENDED NaOH CONCENTRATIONS AT INDIVIDUAL TTW SAMPLE LOCATIONS

Suspended concentration (gﬁNaOH/m3 at Containment Cond.)

Time
(s) 1ia) T2 T3 T4 Average o

5.40(2)(P)  2.30 2.87 --- 3.74 2.98 0.592
7.80(2) 2.90 5.23 --- 3.15 3.76 1.28
1.02(3) — 4.19 3.70 3.32 3.74 0.436
1.26(3) 2.99 2.85 e 3.58 3.14 0.387
1.50(3) 3.44 2.90 - 4.14 3.49 0.622
1.74(3) --- 3.23 --- 3.98 3.60 0.530
1.98(3) - 3.22 3.48 3.70 3.47 0.240
2.22(3) - 2.80 --- 3.25 3.02 0.318
2.46(3) --- 2.70 -- 2.70 2.70 0.000
2.70(3) --- - 2.56 2.94 2.75 0.269
3.00(3) - 2.78 --- 2.35 2.57 0.304
3.30(3) --- 1.90 2.57 2.40 2.30 0.352
3.60(3) 2.80 2,12 ——- 2.28 2.40 0.356
3.84(3) 1.98 2.07 - 2.30 2.12 0.165
4.14(3) 1.84 --- 2.12 2.24 2.07 0.205
4.44(3) 2.92 1.98 --- 2.00 2.30 0.537
4.74(3) 2.96 1.88 2.0 2.03 2.22 0.498
5.10(3) - 2.02 —-- 1.90 1.96 0.085
5.46(3) 1.16 --- 1.54 1.79 1.50 0.317
6.06(3) 1.84 1.73 --- 1.57 1.71 0.136
6.66(3) --- 1.57 - --- 1.57 ---
7.08(3) 1.52 1.47 1.35 1.52 1.47 0.080
9.78(3) 1.06 1.09 1.0 1.06 1.06 0.033
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TABLE 4-2 (Cont'd)
Time Suspended concentration (g NaOH/m3 at Containment Cond.)

(s) - 11(2) T2 T3 T4 Average o
].14(4)(b) 0.720 --- 0.777 0.833 0.777 0.057
7.35(4) 1.09(-2) 1.46(-2) --- 1.16(-2) 1.24(-2) 1.97(-3)
8.10(4) 1.04(-2) 1.26(-2) 8.94(-3) 8.77(-3) 1.02(-2) 1.77(-3)
8.79(4) 6.85(-3) 8.90(-3) 7.03(-3) 7.29(-3) 7.52(-3) 9.39(-4)
9.90(4) 4.70(-3) 5.63(-3) --- 5.32(-3) 5.22(-3) 4.74(-4)

(a) Refer to Table 3-3 for coordinates of TTW sample stations.
(b) Numbers in parenthesis are exponents of ten.
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TABLE 4-3

SUSPENDED NaI CONCENTRATIONS AT INDIVIDUAL TTW SAMPLE LOCATIONS

32

Time Suspended concentration g NaI/m3 at Containment Cond.

(s) Tl(a) T2 T3 T4 Average o
7.80(2)(P) 1.72(-2)  --- - 7.44(-2)  4.58(-2)  4.04(-2)
1.02(3) --- 2.60(-2) 1.01(-1) 6.88(-2) 6.40(-2) 3.94(-2)
1.26(3) - 3.20(-1) 5.10(-2) --- 1.39(-1) 1.70(-1) 1.37(-1)
1.50(3) 4.53(-1) 5.00(-2) --- 2.76(-1)  2.60(-1) 2.02(-1)
1.74(3) --- 1.66(-1) =--- 3.43(-1) 2.55(-1) 1.25(-1)
1.98(3) -—- 2.37(-1) 5.35(-1) 3.93(-1) 3.88(-1) 1.49(-1)
2.22(3) -— 3.16(-1) --- 3.82(-1)  3.49(-1) 4.67(-2)
2.46(3) -—- 3.76(-1)  --- 4,99(-1) 4.38(-1) 8.70(-2)
2.70(3) --- --- 4.74(-1) 4.83(-1) 4.79(-1) 6.40(-3)
3.00(3) - -—-- 4,28(-1) --- 4.30(-1)  4.29(-1) 1.41(-3)
3.30(3) -—— 3.22(-1)  4.90(-1) 4.68(-1) 4.27(-1) 9.10(-2)
3.60(3) 5.18(-1)  3.95(-1) ~--- 4.10(-1) 4.41(-1) 6.70(-2)
3.84(3) 3.84(-1) 4.15(-1) =--- 4.26(-1) 4.08(-1) 2.20(-2)
4.14(3) 3.73(-1)  --- 4.39(-1)  3.69(-1) 3.94(-1) 3.90(-2)
4,44(3) 5.84(-1) 4.04(-1) --- 4.24(-1) 7.71(-1) 1.00(-1)
4.74(3) -—- 3.82(-1)  4.29(-1) 4.32(-1) 4.14(-1) 2.80(-2)
5.10(3) --- 4.07(-1) --- 4,01(-1) 4.04(-1) 4.00(-3)
5.46(3) 2.59(-1) --- 3.24(-1)  3.96(-1) 3.26(-1) 6.90(-2)
6.06(3) 3.72(-1) 3.20(-1) === 3.63(-1) 3.52(-1) 2.80(-2)
6.66(3) --- 3.40(-1) --- -—-- 3.40(-1) ---
7.08(3) 3.31(-1)  3.18(-1) 2.98(-1) 3.41(-1) 3.22(-1) 1.90(-2)
9.78(3) 2.46(-1) 2.54(-1) 2.26(-1) 2.56(-1) 2.46(-1) 1.40(-2)




TABLE 4-3 (Cont'd)
Time Suspended concentration g NaI/m3 at Containment Cond.

{(s) AIl(a) T2 T3 T4 Average o
1.74(4) 1.46(-1)  --- 1.92(-1) 2.13(-1) 1.84(-1) 3.40(-2)
7.35(4) 4.68(-3) 4.39(-3) --- 4.57(-3) 4.55(-3) 1.46(-4)
8.10(4) 4.11(-3) 4.02(-3) 3.45(-3) 3.73(-3) 3.82(-3) 3.00(-4)
8.79(4) 3.12(-3)  3.14(-3) 2.97(-3) 3.14(-3) 3.09(-3)  8.22(-5)
9.90(4) 2.30(-3) 2.15(-3) --~ 2.46(-3) 2.30(-3) 1.55(-4)

(a) Refer to Table 3-3 for coordinates of TTW sample stations.
(b) Numbers in parenthesis are exponents of ten.
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TABLE 4-4

COMPARTSON OF SUSPENDED NaOH CONCENTRATIONS MEASURED BY
FILTER CLUSTERS AND TTW SAMPLES

Average Suspended Concentration + 1 ¢ (g NaOH/m3 at CV Conditions)

Time E?Eggér
(s) Cluster Samples(b) TTW Samples (€) A1l Samples To TTW
5.40(2)(3)  1.89(0) + 4.95(-1)  2.98(0) + 5.92(-1)  2.25(0) + 7.58(-1)  0.840
1.05(3) 1.99(0) + 2.71(-1)  3.74(0) + 4.36(-1)  2.57(0) + 9.26(-1)  0.532
2.01(3) 1.93(0) + 2.29(-1)  3.47(0) + 2.40(-1)  2.44(0) + 8.01(-1) 0.556
2.73(3) 1.91(0) + 2.69(-1)  2.75(0) + 2.69(-1)  2.12(0) + 4.61(-1)  0.695
3.81(3) 1.71(0) + 3.79(-1)  2.12(0) + 1.65(-1)  1.85(0) + 3.08(-1) 0.807
5.43(3) 1.36(0) + 4.77(-1)  1.50(0) + 3.17(-1)  1.41(0) + 4.18(-1)  0.907
6.96(3) 1.04(0) + 3.88(-1)  1.47(0) + 8.02(-2)  1.21(0) + 2.65(-1) 0.719
1.12(4) 6.02(-1) + 2.22(-1)  7.77(-1) + 5.65(-2)  6.60(-1) + 1.67(-1) 0.775
7.35(4) 1.03(-2) + 2.84(-3) 1.24(-2) + 1.97(-3) 1.10(-2) + 2.54(-3) 0.83]
9.75(4) 5.05(-3) + 9.03(-4) 5.22(-3) + 4.74(-8) 5.11(-3) + 7.60(-4) %f%%% g

a) Numbers in parenthesis are exponents of ten.
b) Average of 6 locations listed in Table 3-3.
(¢) From Table 4-2.
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TABLE 4-5

COMPARISON OF SUSPENDED Nal CONCENTRATIONS MEASURED BY
-FILTER CLUSTERS AND TTW SAMPLES

Average Suspended Concentration +13 (g NaOH/m3 at CV Conditions)

Time ‘ ' | E?E;gér

(s) Cluster Samples(b) TTW Samples (¢) A1l Samples To TTW
5.40(2)(3) 0 o 0 - --
1.05(3) 6.20(-3) + 8.67(- -3)  6.41(-2) # 3.94(-2)  2.60(-2) * 3.56(-2) 0.097
2.01(3) 3.52(-1) * 1.90(- 1) 3.88(-1) + 1.49(-1) = 3.63(-1) + 1.69(-1)  0.905
2.73(3) 4.59(-1) + 9.7(-2).  4.79(-1) +6.4(-3)  4.65(-1) * 8.23(-2) 0.958°
3.81(3) 4.48(-1) + 7.19(-2)  4.08(-1) + 2.2(-2)  4.35(-1) + 5.53(-2) 1.10
5.43(3) 3.44(-1) + 1.64(-1)  3.26(-1) + 6.9(-2)  3.36(-1) + 1.37(-1) 1.06 -
6.96(3) 2.98(-1) + 1.37(-1)  3.22(-1) + 1.9(-2)  3.08(-1) #) 9.77(-2) 0.925
1.12(4) 2.17(-1) + 1.05(-1)  1.84(-1) + 3.4(-2)  2.02(-1) #) 8.13(-2) 1.15
7.35(4)  5.33(-3) + 2.14(-3)  4.55(-3) + 1.5(-4)  5.07(-3) +) 1.48(-3) 1.17
9 3) + 8.00(-4) 2.30(-3) +1.6(-4)  2,79(-3) #) 8.34(-4) 1.29

.75(4) 2.97(-
‘ 0.962 Avg

(a)  Numbers in parenthesis are exponents of ten.
Average of 6 locations listed in Table 3-3.
(¢) From Table 4-2.




The suspended concentration is plotted as a function of time in Figure 4-3,
using the average values of all samples where available and the TTW average
values at other times. Figure 4-3 shows that the NaOH concentration
increased to a maximum of 3.0 g/m3 at the end of the NaOH source period,
remained constant for the next 1400 seconds, then decreased s]oW]y with time.

The Nal concentration increased to a maximum of 0.42 g/m3 at the end of
the Nal source period, remained constant for 1400 seconds, then decreased

slowly with time.

It is apparent from the slopes of the two curves in Figure 4.3 that the
fractional removal rate of Nal was less than that of NaOH. At the end of
the Nal source period, the NaOH concentration was a factor of 6.7 greater
than that of the Nal concentration, while at 105 seconds, it exceeded the
Nal concentration by only a factor of 1.9. The lower removal rate of Nal is
displayed more clearly in Figure 4-4, where the dimensioniess concentrations

are plotted as a function of time on semi-logarithmic paper.

4.7 AEROSOL PARTICLE SIZE

4.7.1 Cascade Impactor Data

The chief particle size measurement technique used in test AB7 employed
cascade impactors. The impactors were inserted directly into the contain-
ment atmosphere in a horizontal position. Two types of multijet impactors
were used, an Andersen Mark III* circular jet sampler and a Sierra Model
226** rectangular slit sampler. Precut glass fiber paper furnished by the
manufacturers was used as the stage collection surface. A description of
the technique-and discussion of errors has been provided.(g) The standard
error (+ lo) is believed to be + 20%. All cascade samples were taken at
the T3 through-the-wall station at + 1.37 m elevation.

*Manufactured by Andersen 2000, Inc., Atlanta, GA.

**Manufactured by Sierra Instrument Co., Carmel Valley, CA.
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The cascade impactors showed that the aerosol generally had a log-normal
distribution. One data set that typifies the cascade impactor results is
shown in Figure 4-5. The aerodynamic mass median diameter (AMMD) and geo-
metric standard deviation, og, obtained from plots similar to Figure 4-5
are listed in Table 4-6. Also listed in Table 4-6 are the aerodynamic
settling mean diameters, dsa’ calculated from Equation (1).

d , = (AMMD) exp <mn og> 2 " ’ (1)

Plots of the AMMDs for NaOH and Nal taken from Table 4-6 are shown in

Figure 4-6. Figure 4-6 shows that, during the source release periods, the

AMMD for NaOH was 2.0 wm and for Nal was 0.8 um. The AMMDs increased to

} maximum values of 5.4 and 4.4 for NaOH and Nal, repsectively, and then
slowly decreased with time. The AMMD for Nal was always less than the AMMD

for NaOH.

The geometric standard deviations, og, for NaQH and Nal are plotted in
Figure 4-7. The values of % were the same for both types of aerosol,
- within experimental error.

The aerodynamic sett11ng mean diameters, dS , are p]otted in Figure 4-8 as
a function of time. The d for NaOH was 2.5 im at the end of the NaOH
source period. It slowly 1ncreased until approximately 4000 s, when the
rate of increase accelerated and a maximum value of 8.7 ym was reached at
4500 s, after which it slowly decreased with time, reaching a value of 2.6
at 10° s. The d., for Nal began at 1.0 um at the start of the Nal

release period and then exhibited the same trends as NaOH, always remaining
at values less than that of NaOH. Since the removal rate from the
atmoSphere"is strongly dependent on the mean settling diameter, the
conclusion can be made, on the basis of Figure 4-8, that the rate of Nal
removal should always be less than that for NaOH in test AB7. This was the

case, as discussed in Section 4.6.

The raw cascade impactor data are presented in tables and figures in
Appendix D.
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TABLE 4-6

CASCADE IMPACTOR DATA

‘NaOH Nal

Time AMMD dsalb)  AMMD dsa(b)

(s) {mm) g _(um) (um)  _og__(um)
7.80(2)(a) 2.05  1.63 2.60  0.80 1.60 1.00
1.27(3) 2.18  1.63 2.77  0.76 2.10 1.32
1.75(3) 2.47  1.64 315 1.46 1.72  1.96
2.24(3) 2.68  1.62 3.38  2.00 1.70 2.65
3.04(3) 2.78  1.81 3.95 210 1.79  2.95
3.84(3) 3.37  1.78 4.70  2.58 1.80 3.64
4.39(3) 5.40  2.00 8.73  4.25 2.00 6.87
6.18(3) 4.75  1.74 6.46  4.20 1.67 5.46
1.02(4) 4.20 1.74 5.71 3.80 1.79 5.33
7.29(4) 2.52  1.44 2.88  2.20 1.45 2.53
9.75(4) 2.32  1.50 2.73  1.98 1.50 2.33

(a)  Numbers in parenthesis are exponents of ten.
Calculated by Equation (1) '
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4;7.2 Size Calculated from Mass Balance on Containment Atmosphere

A mass balance on the containment atmosphere during a constant source
release period in a well-mixed containment gives:

dc
I -V It
A= (2)
t Ve
where:
Ap = overall removal rate constant at time t, s'1
I = aerosol release rate, g/s
V = containment volume, m
C = suspended aerosol concentration, g/m3
t = time, s

For short time'steps, Equation (2) can be -approximated by:

where:

avg = average value for conc. during time step at

AC = change in conc. during time step at

After the aerosol source cutoff, Equation (3) simplifies to:
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The overall removal rate constant, Ags is equal to the sum of the
removal rate constants for the three removal processes of importance:

At S p L

where:

Ag = rate constant due to gravity settling
xp = rate constant due to plating
A, = rate constant due to leakage

For test AB7, it can be shown that for t > 2000 s,

so that A is approximately equal to the overall rate constant for times
> 2000 s.

The gravitational rate constant due to settling is related to the deposition
velocity, Uys by Equation (7):

where:

As = surface area available for settling.

Finally, the settling mean diameter, ds’ can be computed from Stokes' law
(Equation 8) when uy is known.

_ ]8uf Uy 0.5

d
S g o

(8)
p
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where:

dS = sett1ling mean diameter (cm)

ue = fluid viscosity (g/cm s)

g = acceleration due to gravity (cm/sz)
op = effective particle density (g/cm3)

In order to compare the data with the aerodynamic data obtained with the
cascade impactors, the particle density was assigned a value of unity.

The removal rate constants and the aerodynamic settling mean diameters were

calculated by use of Equations (2) through (8) and by numerically different-
iating the curves in Figure 4-3 for suspended concentration. These data are
presented in Table 4-7 for NaOH and Nal.

4.7.3 Comparison of Cascade Impactor Data with Size Calculated from Mass

Balance

The aerodynamic settling mean diameters calculated from cascade impactor
data, and from a mass balance on the containment atmosphere are listed in
Table 4-8. The data of Table 4-8 show that the settling mean diameters
calculated from cascade impactor measurements were significantly lower than
those calculated from a mass balance on the containment atmosphere at times
earlier than 4000 seconds. One reason for the difference in the two methods
is that the aerosol size distribution was not log normal at early times.
Examination of the cascade impactor data in Appendix D shows that, at early
times, the use of AMMD and o listed in Table 4-6 understates the mass
fraction of the largest particles. Thus, the settling mean diameters
calculated from Equation (1) are too small at early times. Fair agreement
is noted at times greater than 4000 seconds, when the size distribution is

nearly log-normal.
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TABLE 4-7

REMOVAL RATE CONSTANT AND AERODYNAMIC SETTLING MEAN DIAMETER
COMPUTED FROM MASS BALANCE ON CONTAINMENT ATMOSPHERE

NaQH Nal

Time Xgl dsa AE] dsa
(s) (s ) (um) (s ) (um)
2.103)(8) 1.18(-4) .20  --- -
2.30(3) 1.21(-4) 6.28 -—- -—
2.50(3) 1.24(-4)  6.35  --- -
2.70(3) 1.46(-4) 6.89 -——- ———
2.90(3) 1.69(-4) 7.42 -— -
3.20(3) 1.90(-4) 7.86 --- ---
3.60(3) 2.00(-4) 8.07 - -
4.00(3) 2.05(-4) 8.17 6.74(-5) 4.68
4.,25(3) 2.05(-4) 8.17 7.45(-5) 4.92
4.50(3) 2.04(-4) 8.15 7.60(-5) 4,95
4.75(3) 2.01(-4) 7.93 7.74(-5) 5.02
5.00(3) 1.92(-4) 7.81 8.97(-5) 5.40
5.25(3) 1.88(-4) 7.75 1.02(-4) 5.76
5.50(3) 1.82(-4) 7.70 1.05(-4) 5.84
5.75(3) 1.77(-4) 7.50 1.07(-4) 5.90
6.00(3) 1.72(-4) 7.41 1.08(-4) 5.93
6.50(3) 1.65(-4) 7.33 1.09(-4) 5.98
7.00(3) 1.56(-4) 7.15 1.12(-4) 6.04
7.50(3) 1.49(-4) 6.96 1.14(-4) 6.09
8.50(3) 1.36(-4) 6.65 1.11(-4) 5.95
9.50(3) 1.27(-4) 6.36 1.06(-4) 5.87
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TABLE 4-7 (Cont'd)

NaOH Nal

Time .AE] dsa XE] dsa
(s) (s ) (um) (s ) (um)
1.10(4) 1.23(-4) 6.32 1.05(-4) 5.85
1.30(4) 1.18(-4) 6.20  9.88(-5) 5.67
1.50(4) 1.10(-4) 5.98 9.60(-5) 5.59
1.70(4) 1.05(-4) 5.85 9.50(-5) 5.56
1.90(4) 9.24(-5) 5.48  8.70(-5) 5.32
2.25(4) 9.09(-5) 5.44 7.66(-5) 4.99
2.75(4) 8.23(-5) '5.18 7.01(-5) 4.78
3.50(4) 6.51(-5) 4.60 5.90(-5)  4.40
4.50(4) 5.61(-5) 4.27 4.79(-5)  3.95
5.50(4) 4.38(-5) 3.78 3.79(-5)  3.51
6.50(4) 3.91(-5) 3.57 3.53(-5) 3.39
7.5(4) 3.69(-5)  3.47 2.91(-5) 3.08
8.5(4) 3.03(-5) 3.14 2.78(-5)  3.01
9.5(4) 2.58(-5)  2.90 2.46(-5) 2.83
1.10(5) 2.50(-5)  2.85 - 2.29(-5) 2.73

~(a) Numbers in parenthesis'are exponents of ten.
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TABLE 4-8

COMPARISON OF AEROSOL SIZE IN CONTAINMENT ATMOSPHERE MEASURED
BY CASCADE IMPACTOR AND CALCULATED FROM MASS BALANCE

de 5 for NaOH (mm) _dga for Nal (mm)
Time Cascade(@)  Mass(b) Cascade(2)  Mass(b)
(s) Impactor Balance Impactor Balance
7.80(2)(¢)  2.60 (d) 1.00 (d)
1.26(3) 2.77 (d) 1.32 (d)
1.75(3) 3.15 (d) 1.96 (d)
2.24(3) 3.38 6.25 2.65 (d)
3.04(3) 3.95 7.65 2.95 (d)
3.84(3) 4.70 8.10 3.64 4.60
4.39(3) 8.73 8.16 6.87 4.93
6.18(3) 6.46 7.40 5.46 5.95
1.02(4) 5.72 6.34 5.33 5.86
7.29(4) 2.88 3.50 '2.53 3.15
9.75(4) 2.73 2.88 - 2.33 2.78
(a) From Table 4-6.
(b) Interpolated from data of Table 4-7.
§§; Numbers in parenthesis are exponents of ten.

Concentration decay rate too small for accurate calculation.
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Bbfh types of measurement show that the particle size increased with time to
a maximum value and then decreased thereafter. For NaOH, the maximum
occurred at approximately 4400 s and for Nal it occurred at approximately
5000 s. Both methods showed that the NaOH settling mean diameter was larger
than that of Nal at all times. '

4.8 AEROSOL DEPOSITION ON HORIZONTAL SURFACES

The distribution of settled mass within the containment vessel was deter-
mined from analyses of settling trays located at 22 different locations and
exposed to the containment atmosphere throughout the test. Each tray had
266 cm2 of upward facing surface. After the test, the trays were retrieved
and the deposited material analyzed for NaOH and Nal. The results are pre-
sented in Table 4-9. The individual samples listed in Table 4-9 are
arranged into four groups according to their general location within the
containment environment. The average surface concentration of each group is
then multiplied by the upward fécing surface area of that portion of the
containment vessel. By this metho&, a total of 2684 g of NaOH were found to
have settled on horizontal surfaces. Dividing this mass by the total
settling area of 88.2 me gives a weighted mean surface concentration of

30.4 g NaOH/mZ. The NaOH settled surface concentration was fairly uniform
throughout the containment vessel, ranging from 26.7 g/m2 for internal
components to 33.9 g/m2 for the bottom head.

In a similar manner, Table 4-9 shows that 414 g of Nal were found on
horizontal surfaces. Dividing by 88.2 m2 total settling area gives an
average surface concentration of 4.69 g/m2 for settled NaI. The Nal
settled surface concentration was also fairly uniform throughout the
containment vessel, ranging from 4.13 g/m2 on the personnel platform to

5.41 on the catch pan.
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INTEGRAL SETTLED MASS BY DEPOSITION TRAYS

TABLE 4-9

NaOH Nal
Area Surface Surface
Sample Represented Conc. Conc.
No Location (m2) (g NaOH/mZ) (g NaOH) (g NaI/m2) (g Nal)
D50 Personnel Platform
at -1.7 m 29.3 4.02
D51 Personnel Platform
at -1.7 m 25.1 4.10
D52 Personnel Platform
at -1.7 m 24.2 4.20
D53 Personnel Platform
at -1.7 m 47.8 4.21
Avg Personnel Platform 4.2 31.6 133 4.13 17.4
D54 Bottom Head 28.2 4,97
D55 Bottom Head 29.8 4,95
D56 Bottom Head 29.9 4.40
D57 Bottom Head 41.5 4,97
D64 Bottom Head 26.5 4.99
D65 Bottom Head 26.1 4.54
D66 Bottom Head 27.5 4.84
D67 Bottom Head 61.3 5.58
Avg Bottom Head 36.7 33.9 1243 4.90 179 .8
D59 Catch Pan at -8.66m 30.4 5.26
D60 Catch Pan at -8.66m 29.1 5.03
D61 Catch Pan at -8.66m 32.3 5.26
D62 Catch Pan at -8.66m 31.7 6.11
D63 Catch Pan at -8.66m 29.8 5.41
Avg Catch Pan 11.1 30.7 340 5.41 60.1
D68 Internal Components 25.3 4.60
D69 Internal Components 33.0 4,95
070 Internal Components 31.0 5.01
D71 Internal Components 24.6 3.60
D72 Internal Components 19.8 3.51
Avg Internal Components 36.2 26.7 968 4.33 156.9
Overall Total 88.2 2684 414.2
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4.9 AEROSOL DEPOSITION ON VERTICAL SURFACES AND CEILING

4.9.1 Deposition on Vessel Walls and Ceiling

Aerosol deposition on the containment vessel walls and ceiling was measured
post-test by wiping a measured area of the painted wall with a series of damp
cloths and analyzing for Na and Nal. The results of sampling in this manner
at eight different locations are listed in Table 4-10 for NaOH and Nal.

The data of Table 4-10 show a general trend of increasing surface
concentration with decreasing elevation for both NaOH and Nal. Although one
of the ceiling samples géve a high NaOH concentration, the ceiling
concentration was generally lower than that of the vertical walls.

4.9.2 Deposition on Vertical Panels

Seven 305 x 305-mm panels were installed in a vertical position in the
containment atmosphere as a means of measuring aerosol plating with negligible
thermophoretic effect. The panels were fabricated of polished stainless

- steel, 0.79 mm thick, and were hung by wires at various distances from the
vessel wall at the yesse] mid-elevation. Six of the panels were oriented with
the surface parallel to the containment wall, while one panel was oriented
normal to the wall. The panels were exposed to the containment conditions for

the entire test period.

The panels were retrieved during the post-test entry and sampling period, and
each side of each panel was washed separately and analyzed for NaOH and Nal.
The results are listed in Table 4-11. 1In Table 4-11, the columns labeled
"inward surface" give the data for the sides of the panels that faced toward
the center of the containment vessel, and the columns headed by "outward
surface" are for the sides facing the wall.

53




WALL AND CEILING POST-TEST SURFACE CONCENTRATION

TABLE 4-10

NaOH Nal

Wall Mass Surface Mass Surface

Sample(a) Elevation Sampled Conc. Sampled Conc.

No. (m) (g NaOH) (gNaOH/m2) (g Nal) (gﬁNaI/m?l

W1 Ceiling, center 0.0362 0.389 0.00234 0.02520

W2 Ceiling, edge 0.0166 0.178 0.00068 0.00731
W3 +9.1 0.0265 0.285 0.00106 0.01140
Wa +4.3 0.0259 0.278 0.00128 0.01376
W5 +1.8 0.0233 0.251 0.00174 0.01871
W6 -0.9 0.0325 0.349 0.00052 0.00559
W7 -3.7 0.0279 0.300 0.00040 0.00430
W8 -6.4 0.0432 0.464 0.00080 = 0.00860
Average all samples 0.312 0.0119
Standard deviation (1lo) 0.088 0.0071
Average ceiling 0.284 0.07163
Average wall 0.321 0.0104
Standard deviation (lo) 0.077 0.0054

(a) Wash and wipe 0.093 m2 of painted wall surface.
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The data of Table 4-11 show that the outward facing surfaces collected
significantly more of each aerosol species than the inward facing surfaces
did. This behavior is similar to that observed during test ABG(Z), in which
the same vertical panels were installed in identical locations. The vertical
panels also collected significantly more aerosol mass per unit area than was
deposited on the main containment walls (see Table 4-10). This behavior was
also observed during test AB6.

4.9.3 Comparison of Deposition on Vertical

and Horizontal Surfaces

A comparison of aerosol deposition on vertical walls of the containment vessel
with settled mass on horizontal surfaces is given in Table 4-12. Table 4-12
shows that approximately 90% of the NaOH settled on horizontal surfaces, while

only 10% was deposited on vertical wall and ceiling surfaces. The relative

proportions of NaOH settling and plating in the current test are similar to
those in previous tests in the CSTF(]’ 2).

Table 4-12 shows that 98% of the-NaI settled onto horizontal surfaces, while
only 2% plated on walls and ceiling. This is a significantly lower proportion
of Nal plated than in a previous test(z), where 11.6% was found on wall and
ceiling. This can be explained by the different time periods that Nal aerosol
was released in the two tests. In the previous test (AB6) the Nal release to
containment occurred at the same time that that Nan aerosol was being
generated by a sodium spray fire, while in the present test, the Nal release
occurred after the NaOH release had terminated. It is 1ikely that
co-agglomeration with NaOH particles resulted in the Nal being associated with
Targer particles in the present test. Also, thermophoretic and turbulent
deposition forces were weaker in the present, low temperature case.
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Sample
No. Orientation(b)

VP-1 P
VP-2 P
VP-3 p
VP-4 p
VP-5 P
VP-6 P
Vp-7 N
Average

TABLE 4-11
AEROSOL DEPOSITION ON VERTICAL PANELS(a)

NaOH Nal

Distance Conc. (g NaOH/m2) Conc. (g Nal/m2)

From Wall  Inward Outward Ratio Inward Qutward Ratio
(mm) Surface(c) Surface Qut/In Surface(c) Surface Out/In
64 2.68 4.93 1.84 0.0096 0.0290 3.02
64 1.20 4.43 3.69 0.0040 0.0374 9.35
64 0.703 1.28 1.82 0.0264 0.0210 0.80
460 4.56 6.40 1.40 0.0116 0.0661 5.70
610 7.43 13.3 1.79 0.0416 0.0162 0.39

1500 - 0.151 0.419 2.77 0.0071 0.0099 1.39
900 5.80(d) 0.365(d)  --- 0.0486(d) 0.0039(d) -
2.79 5.3 2.22 0.0767 0.0299 3.48

(a) Smooth stainless steel, 0.093 m2 each side, 0.79 mm thick.

b) P = parallel to wall, N = normal to wall.

(c) Inward means facing center of vessel; outward means facing wall of vessel.

d) Panel was normal to wall, no inward or outward surface. Not included in average.




TABLE 4-12

COMPARISON OF AEROSOL DEPOSITION ON
HORIZONTAL AND VERTICAL SURFACES(a)

NaOH Nal
Vertical Upward Vertical Upward
And Facing And Facing

Ceiling Horizontal Ceiling Horizontal
Surface Area (m) 752 88.3 752 88.3
Avg Surface Conc (g/m?) 0.312(0)  30.4 0.012(®) 4,69
Mass Deposited (g) 235 2684(¢) 8.95 a14(¢)
Mass Fraction Deposited(d) 0.102 0.898 0.021 0.979

(a) Based on post-test sampling.

(b) From Table 4-10.

(c) From Table 4-9.

(d) Neglecting leakage from the containment vessel.

4.10 CO-AGGLOMERATION BEHAVIOR

4.10.1 Nal Fraction in Aerosol on Cascade Impactor Stages

The glass fiber stage papers from the cascade impactors were analyzed for
Nal and NaOH. The results are tabulated in Appendix D, where the mass of
each species and the Nal mass fraction is listed for each stage. Since each
stage corresponds to a known cut diameter, the‘data show how the Nal
fraction varied as a function of particle size. The data of Appendix D are
plotted in Figures 4-9 and 4-10 for the time period during the Nal injection
and after the end of Nal injection, respectively.

Figure 4-9 shows that during the period when Nal was being generated (but
after the end of NaOH aerosol generation) the extremities of the aerosol
size spectra were rich in Nal compared to median sized particles. This
trend became less pronounced as time passed and the concentration of Nal
increased. After the end of the Nal source period(2400 s), the minima in
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the curves vanished and fairly straight lines were obtained, with the smallest
particles being very rich in Nal and the largest particles rich in NaOH
(Figure 4-10). This trend persisted for the duration of the experiment.

4.10.2 Nal Mass Fraction in Suspended Aerosol Determined by Filter Sampling

The mass fraction of Nal in the suspended aerosol increased continuously with
time, as shown by Figure 4-11. Beginning at zero at times prior to the start
‘of the Nal source, the Nal mass fraction increased rapidly after the start of
Nal source and reached a value of 0.14 by the end of the Nal source period.
Due to the fact that the particles were nonuniform in Nal/NaOH ratio as a
function of size and the larger particles were richest in NaOH (see

Figure 4-10), the NaOH suspended concentration decreased more rapidly than did
the Nal, because settling was the dominant removal mechanism at 1ate times.
Thus, the mass ratio of Nal in the remaining suspended aerosol continued to
increase after the end of the Nal source périod, as shown by Figure 4-11.
Figures 4-10 and 4-11 thus confirm and explain the faster removal of NaCH
shown in the plot of suspended concentrafion versus time in Figure 4-3.

4.10.3 Nal Mass Fraction of Settled Aerosol

The'Nal mass fraction in the aerosol'deposited on horizontal surfaces was
determined by analyzing samples deposited in fallout trays location at 22
different locations throughout the containment vessel. The results are listed
in Table 4-13, which gives the mass of Nal, mass of NaOH, and the Nal mass
fraction, assuming that only Nal and NaOH were present. Table 4-13 shows that
all 22 samples gave fairly uniform Nal mass fraction, even though the samples
were taken at elevations ranging from -8.48 m to +8.7 m. The arithmetic mean
value was 0.137 and the standard deviation was 0.022 (16%).

The fallout tray data of Table 4-13 are for integral samples collected over

the entire test period. Comparison of Table 4-13 with Figure 4-11, which
gives the Nal mass fraction in the suspended aerosol as a function of time,
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TABLE 4-13
- NAT MASS FRACTION IN AEROSOL SETTLED ON HORIZONTAL SURFACES

Sample - Nal
Sample Elevation Mass Deposited (g){b) Mass
No. (m)(a) Nal NaOH Fraction
D50 0 0.105 0.768 0.121
D51 -1.7 0.107 0.658 0.140
D52 -1.7 0.110 0.634 0.148
D53 -1.7 0.110 1.252 0.081
D54 -8.48 0.130 0.739 . 0.150
D55 -8.48 ~0.130 0.781 0.143
D56 -8.48 0.115 0.783 0.128
D57 -8.48 0.130 1.087 0.107
D58 -8.48 -—- --- _ ---
D59 -8.48 0.138 0.796 0.148
D60 -8.48 0.132 0.762 0.148
D61 -8.48 0.138 0.846 0.140
D62 -8.48 0.160 0.830 0.162
D63 -8.48 0.142 0.781 0.154
064 -8.48 0.131 0.694 0.159
D65 -8.48 0.119 0.684 0.148
D66 -8.48 0.127 0.721 0.150
D67 -8.48 . 0.146 1.606 0.083
D68 -4.,27 - 0.121 0.623 0.163
D69 +3.05 0.130 0.865 0.131
D70 +6.1 0.131 0.812 0.139
071 +8.7 0.095 0.645 0.128
D72 +8.7 0.092 0.519 0.150
Average 0.137
g 0.022

(a) Lowest point of bottom head is at -9.3 m. Sample
collectors were at various radii and azimuth.
(b) Integral sample exposed throughout test.
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shows that the higher Nal mass fractions attained in the suspended aeéoso] at
Tong times (up to 0.3) had little effect on the total integral settled mass.
The average Nal mass fraction in the fallout trays (0.137) corresponds with
the Nal mass fraction in suspended aerosol at the time that the Nal source was
terminated, as shown in Figure 4-11.

4.10.4 Nal Mass Fraction of Plated Aerosol

The Nal mass fraction in the aerosol deposited on vertical walls and ceiling
surfaces was determined by removing the deposit from selected regions of known
area (0.093 mz) and analyzing for the two aerosol species. The surface
deposit was removed by wiping with a series of damp cloths until no more
aerosol could be removed, then Teaching the cloths with water. The results
are given in Table 4-14.

TABLE 4-14

NAI MASS FRACTION IN AEROSOL DEPOSITED ON VESSEL
VERTICAL -WALL AND CEILING

Sample Nal

Sample Elevation ‘Mass Deposited (mg/m2) Mass
No. (m)(a) Nal NaOH Fraction
W1 Ceiling, center 25.2 389 0.061
W2 Ceiling, edge 7.3 178 0.039
W3 Wall, +9.1 11.4 285 : 0.038
W4 Wall, +4.3 13.8 278 0.047
W5 Wall, +1.8 18.7 251 0.069
W6 Wall, -0.9 5.6 349 0.016
W7 wall, -3.7 4.3 300 0.014
W8 Wall, -6.4 8.6 464 0.018
Average 0.0378
o 0.0208

(a) Nal was released at -4.6 m elevation.
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The data presented in Table 4-14 show considerable differences in Nal to Nadﬁ
ratio in the plated aerosol as a function of elevation within the containment
vessel. Samples taken from high in the vessel were significantly richer in
Nal than samples taken at 1owef elevations. This is surprising in view of the
fact that both Nal and NaOH suspended aerosol concentration were quite uniform
throughout the containment atmosphere (see Tables 4-2 and 4-3).

The average value of the Nal mass fraction in the wall and ceiling deposits
(0.0388) was significantly Tower than that of the aerosol that was collected
in the horizontal fallout trays (0.137). One explanation is that the aerosol
particle size increased significantly during the Nal source period and for 40
minutes afterward, as shown in Figures 4-6 and 4-8. During early time, when
the particle size was small and wall plating processes were maximum, the Nal

mass fraction was low (see Figure 4-11).

4.11 AEROSOL DENSITY

The mass of aerosol released into the containment vessel during test AB7 was
too small to permit measurement of settled density, as was done in previous
tests in the CSTF(]’Z). On the basis of previous experience, the

bulk density of the AB7 aerosol is estimated to be approximately 1 g/cm3.

4.12 LEAKED MASS

The actual quantity of aerosol leaked from the containment vessel was not
measured directly. For the purpose of comparing leaked mass with code

predictions, a calculation was made using the same assumption used in the
computer code cases--that aerosol leaked at a constant 1% of the suspended
mass per day. The data of Table 4-15 were computed by Equation(9), using

concentration data taken from Figure 4-3.

64




n
M = }Bj LV Cangt (9)

where:

M, = mass of aerosol leaked, g
L = leak rate, 5!
= containment vo]ume,_m3
Cavg = average suspended conc. during time step, g/m3
at = duration of time step, s

The data of Table 4-15 are plotted in Figure 4-12. Table 4-15 and Figure 4-12
show that only 15% of the total computed Nal leakage had occurred by the end
of the Nal source period. In test AB6, 95% of‘the computed Nal leakage had
“occurred by the end of the Nal source period. The less rapid leakage in the
present test is attributed to the fact that the Nal concentration was much
lower than in test AB7, resu]ting in much less washout. Also, in test AB7, the
NaOH source continued after the end of_thé Nal source.

It should be reemphasized that the data of Table 4-15 and Figure 4-12 are not
based on actual measurement, but on calculations based on experimentally
measured suspended concentration and the assumption of a constant 1%/day

leakage rate.

4.13 SETTLED MASS

The integral settled mass was determined from fallout tray data, as discussed
in Sections 4.8 and 4.9.3. Table 4-12 shows that a total of 2684 g of NaOH
and 414 g of Nal settled onto horizontal surfaces during test AB7.
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TABLE 4-15

LEAKED MASS COMPUTED FROM SUSPENDED CONCNTRATION
AND ASSUMED 1% PER DAY LEAKAGE

Time Leaked Mass (g)
(s) NaOH Nal
100 2.91(-3)(a) O

300 2.62(-2) 0

600 1.02(-1) 0

900 1.91(-1) 1.01(-3)
1300 3.09(-1) 5.67(-3)
1800 4.57(-1) 1.66(-2)
2000 5.16(-1) 2.26(-2)
2400 6.32(-1) 2.96(-2)
2700  7.15(-1) 4.22(-2)
3000 7.93(-1) 5.47(-2)
3600 9.38(-1) 7.97(-2)
4200 1.07(0) 1.04(-1)
5000 1.22(0) 1.35(-1)
6500 1.45(0) 1.86(-1)
7200 1.53 (O) 2.08(-1)
(a)

Time Leaked Mass (q)

(s) NaOH Nal
8,500 1.67(0)  2.43(-1)
10,000 1.81(0) 2.78(-1)
12,000 1.95(0)  3.17(-1)
15,000 2.10(0) 4.04(-1)
20,000 2.28(0) 4.51(-1)
30,000 2.45(0) 5.12(-1)
40,000 2.54(0) 5.43(-1)
50,000 2.58(0) 5.61(-1)
60,000 2.61(0) 5.72(-1)
70,000 2.62(0) 5.80(-1)
80,000 2.63(0) 5.85(-1)
90,000 2.64(0) 5.89(-1)
100,000 2.65(0) 5.92(-1)
150,000 2.67(0) 6.01(-1)
200,000 2.67(0) 6.04(-1)

Numbers in parenthesis are exponents of 10.
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4.14 PLATED MASS

The integral plated mass on vertical and ceiling surfaces was determined by
post-test wall wipe measurements, as discussed in Section 4.9. Table 4-12
shows that a total of 235 g of NaOH and 8.95 g of Nal plated onto vertical and

ceiling surfaces during test AB7.

4.15 INSTANTANEQUS COMBINED REMOVAL RATE

The instantaneous combined removal rate constant, Ay was calculated by
differentiating the suspended mass concentration curve of Figure 4-13, as
discussed in Section 4.7.2. The computed vaTues of Ay are listed in
Table 4-7 and plotted in Figure 4-13 as a function of time.

Figure 4-13 shows that, for both types of aerosol species, g increased at
early times, reached a maximum value and then siowly decreased for the
duration of the test. Figure 4-13 also shows that the removal rate for NaOH
was always greater than for Nal, although their magnitudes approached each
other at long times.
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5.0 COMPARISON OF EXPERIMENTAL RESULTS WITH COMPUTER CODE PREDICTIONS

5.1 IDENTIFICATION OF CODES AND USERS

Four individuals participated in making computer code predictions of test
AB7. These people, their affiliations, and mailing addresses are listed in

Table 5-1.

TABLE 5-1
LIST OF PARTICIPANTS FOR ABCOVE TEST AB7

Participant Affiliation Address

R. K. Hilliard Hanford Engineering P.0. Box 1970
Development Laboratory Richland, WA 99352

Hans Jordan Battelle Columbus 505 King Avenue
Laboratories Columbus, OH 43201

K. K. Murata Sandia National P.0. Box 5800
Laboratories Albuquerque, NM 87115

J. M. Otter Rockwell International 6633 Canoga Avenue
Rocketdyne Division Canoga Park, CA 91304

-The aerosol codes used to predict aerosol behavior, along with the
corresponding participants, are identified in Table 5-2. Each code was
exercised by only one participant, so no information was obtained on variation
between users of the same code, as was done for test ABS.(]) The code cases
are assigned identification numbers, as shown in Table 5-2, to facilitate
discussions and comparisons with data in subsequent sections of this report.
Three of the codes (HAA-3, (3) Han-4, (%), and HaARM-3, (3) are termed
“log-normal" because they use the assumption that the suspended aerosol always
has a log-normal size distribution. Two of the codes (CONTAIN(6) and
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QUiCKM(7)) are termed "discrete" because they divide the suspended aerosol

size spectrum into a finite number of groups, normally 20 to 40 groups, with

user-specified size range for each group. QUICKM was previously designated as
7) '

mspect 7).,

TABLE 5-2
CODE CASES FORABCOVE TEST AB7

, Log-Normal
Code Case or Co-agglomeration

No. Code User Discrete Assumption

1 HAA-3C HEDL /SSD Log-Normal Uniform

2 HAA-4 Rockwell .Log-Normal Uniform

3 "~ HAARM-3 HEDL/SSD _ Log-Normal Uniform -

4 CONTAIN-1B,  SNL Discrete Sectionally

Mod 415 - ' Uniform

5 QUICKM BCL Dis;rete Sectionally
o Uniform

Different methods of handling mu]tip]e‘species aerosol are.also used by
various codes. It has been common in the past to use the assumption that a
multiple species aerosol is uniformly co-agglomerated; i.e., that-each
particle has the same composition regardless of.size. A1l of the log-normal
codes used in the present study use this assumption. Recently, several
multiple species codes have been developed which treat a mixture of species
mechanistically by.asﬁuming that all parficles within a given size can be
characterized by the same average composition. The QUICKM and CONTAIN codes
used' in the-present study are of this class. Not all "discrete” codes are
multispecies codes. For instance, the QUICK(]O) and NAUA(]1) codes are
discrete but use the uniform co-agglomeration assumption.

Pretest code calculations are not reported for test AB7 because the conditions
under which the test was performed were changed significantly from the test
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plan, as discussed in Section 4.1. However, "blind" post-test ca]cu]afions'*
were made using the five codes listed in Table 5-2. Although the HEDL part-
jicipant had general knowledge of the test results before he made the post-test
calculations with HAA-3 and HAARM-3, detailed test data were not available and
no attempt was made to fit the code to the experiment. Calculations by the
other three participants were truly blind, in that no experimental data on
aerosol behavior per se were made available; only information on thermal
conditions and aerosol mass generation was made available to reflect the

actual conditions.
5.2 CODE INPUTS

After the test was completed, test data related to aerosol generation and
thermal conditions were transmitted to the participants. Key test parameters
for use in post-test calculations are summarized in Table 5-3. Thermal
conditions in the CSTF vessel were supplied in tabular digital form as
described in Section 4.4 and Appendix C.

Numerical values of code input parameters that were used in the five code
cases were submitted by each participant and are listed in Tables 5-4

through 5-6. In some instances, the input parameters listed in Tables 5-4
through 5-6 are equivalent ones derived from the actual ones to provide a

common format.

Input parameters related to the aerosol source are listed in Table 5-4. Code

input values are listed for material density, source size, geometric standard

deviation, and particle source rate. Inspection of the listed inputs indicafe
that all five code cases used identical or nearly identical numerical values

for parameters related to the aerosol source.

Code input parameters that are related to the behavior of agglomerated
particles are listed in Table 5-5. Because of differences in modeling, the
same input parameters for different codes may not infer the same
calculations. The parameters listed in Table 5-6 are defined as follows.
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e TABLE 5-3

TEST CONDITIONS TRANSMITTED TO CODE USERS
FOR USE IN MAKING BLIND POST-TEST CALCULATIONS
: FOR TEST AB7

Measured Or

Parameter Estimated Value

NaQH Aerosol Source

Chemical form . NaOH
Material density (g/cm3) 2.13
Mass ratio, NaOH to Na 1.74
Initial concentration 0
Start time for aerosol release (s) 0
Stop time (s) 600
Release rate (g NaOH/s) 5.03
Total NaOH release (g) ’ 3018
Source 50% diameter (um) 0.5
Source geometric standard deviation 2.0

Nal Aerosol Source

Chemical form _ Nal
Material density (g/cm3) ' 3.67
Initial concentration 0
Start time for aerosol release (s) 600
Stop time (s) 240
Release rate (g Nal/s) 0.197
Total Nal aerosol released (g) 354.6
Source 50% diameter (um) 0.54
Source geometric standard deviation 1.55

General

- Leakage rate (%/day, constant)
Settling area (cn? )

Plating area (c

Volume (cmg)

Initial temperature (°C)
Initial pressure (kPa absolute)
Initial dewpoint (°C)

Temperature of containment atmosphere (°C)

Temperature of containment vessel (°C)
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TABLE 5-4

CODE INPUT PARAMETERS RELATED TO THE AEROSOL SOURCE

Code Material Density
Case (g/cm3Y)
No. Code NaOH Nal
1 HAA-3C 2.13 2.13
2 HAA-4 2.13 ° 3.67
3 HAARM-3 2.13 2.13
4 CONTAIN 2.13 2.13
5 QUICKM 2.13 3.67
(a) Numbers in parenthesis are exponents of 10.

Source dgg ____Source Rate .
{um) Source og {No./s cmJ) {a/s m°]

NaOH Nal NaOH Nal NaOH Nal NaOH Nal
0.5 0.5 2.0 20 368503 1813 -- -

- 0.5 0.54 2.0 1.55 --- - 5.90(-3) 2.31(-4)
0.5 0.5 2.0 2.0 3.68(5) 1.82(3) -—- -—-
0.5 0.54 2.0 1.55 -—- - 5.90(-3) 2.31(-4)
0.5 0.544 2.0 1.55 -—- -——- 5.9(-3) 2.31(-4)
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TABLE 5-5

CODE INPUT PARAMETERS RELATED TO AGGLOMERATE BEHAVIOR

Code _ o

Case Non-Stoksien
No. Code Chi Gamma Alpha- Epsilon Correction

] HAA-3C -- -- 0.2 10.0 K1yachko

2 HAA-4 1.2 5.0 == 0.06(2)  Kiyachko

3 HAARM-3 1.3 3.0 -- 10.0 K1lyachko

4 CONTAIN 1.5 2.25  -- (b) None

5 QUICK 1.3 2.5 - (b) (c)

(a) Collision efficiency for inertial agglomeration. '

(b) Internally coded Fuchs approximation, 1.5 [ri/(r;+ ri)]2.
T Y e - J J 1

(c) Empirical friction factor correlation.
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TABLE 5-6 T

CODE INPUT PARAMETERS RELATED TO ATMOSPHERE
TEMPERATURES AND WALL DEPOSITION

Turbulent

Code Atm Temp Diffusion Wall Gas/Particle Dissipation
Case Variable or Delta Gradient Conductivity Constant
No. Code Constant (m) (°K/m) Ratio (m?/s3)

1 HAA-3C  Variable 2.5(-7)(a) . -- --

2 HAA-4 Variable 1.5(-4)  Variable(b)  5.0(-2) 0

3 HAARM-3  Variable 2.5(-7) Variable 1.0(-1) 0

4 CONTAIN Variable 1.0(-5)  5.0(2)(¢c) 5.0(-2) 1.0(-3)
5  QUICKM  Constant 1.0(-4) 0 0 0

(a) Numbers in parenthesis are exponents of 10.

(b) Atmosphere temperature 1 cm from wall minus surface
temperature divided by constant 0.003 m thermophoretic
plating boundary layer.

(c) During sodium pool fire only.
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CHI

CHI is a dynamic shape factor that allows the particle drag to be related to
Stokes' law for spheres. CHI is a denominator factor in Stokes' law, and
because non-spherical agglomerates settle more slowly than spherical
agglomerates, CHI is equal to or larger than unity.

GAMMA

GAMMA is a factor which relates the effecti&e collision radius of a particle
to the actual particle radius. Because non-spherical aggiomerates are able to
collide more effectively, GAMMA is equal to or larger than unity.

ALPHA

ALPHA is a density modification factor used to account for the reduced set-
tling velocity of agglomerates compared to solid spheres. Generally, it is a
numerator factor in Stokes' law and its value is less than or equal to unity.

EPSILON

EPSILON is a gravitational collision efficiency used in the HAA codes. It
“relates to the fraction of -particles in a swept volume that is captured by a
falling particle. A value of 10 was.inadvertent]y used in the HAA-3 and
HAARM-3 codes, rather than a value of 1.0 as was done in previous ABCOVE
tests. Post-test calculations using a value of 1.0 gave esséntially the same
results for the AB7 conditions, so the original "blind" calculation is

reported and discussed in this document.
KLYACHKO
The KLYACHKO parameter allows deviations from Stokes' drag that occur at high

Reynolds numbers to be taken into account. This factor becomes important for

particles larger than approximately 100 wum.
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The numerical values for aerosol parameters listed in Table 5-5 were not
specified by the test performer. They were selected by the code user, based
on the user's experience. Most users selected the parameters on the basis of
code fits with earlier large-scale sodium fire aerosol tests in the CSTF.

Code input parameters related to atmosphere temperatures, diffusional
deposition, and thermophoretic plating are summarized in Table 5-6.
Inspection of the data of Table 5-6 shows that the variables selected by the
users covered a significant numerical range. Diffusional plating boundary
layer thickness was assigned values from 2.5 x ]0'7 mto 1.5 x 10-4 m. The
small value for delta used in the HAA-3 code results from the assumption that
all plateout is caused by diffusion, and delta is assigned an empirical value
to match previous experiments. The wall temperature gradient values ranged
from zero to 500°K/m. Some of the codes used variable gradients. The
assigned values of the ratio of gas to particle thermal conductivity varied
from 0.005 to 0.1, a factor of 20.

5.3 BLIND POST-TEST CODE PREDICTIONS

Blind post-test predictions submitted by each participant are tabulated in
Appendix E. These predictions were made with the benefit of test data on
thermal conditions and aerosol mass generation rate. No information or
aerosol behavior per se was made available, hence the predictions were "blind"

to aerosol behavior data.

5.4 COMPARISON OF CODE PREDICTIONS WITH EACH OTHER AND WITH TEST
MEASUREMENTS '

Code predictions of key aerosol behavior parameters are compared with each
other and with experimental measurements in the following sections by listing
numerical values of parameters at 12 discrete times. Tables of code
predictions and experimental results are provided in Appendices F through M.

78




As tools for evaluating the accuracy of individual code case predictions, two
indices are listed in the tables in Appendices F through M for each code

case. The first is the ratio of the individual code prediction to the average
of all codes. This index has only marginal va]ue in assessing a code, but
does show how it relates to the other code cases. The second (and more
important) index is the ratio of the'indiViduai code prediction to the
experimental value. It sHou]d be noted that experimental measurements were
not always made at the precise times reported by the code users. In these
instances, the experimental values listed in the tables were obtained by
plotting the experimental data, drawing a smooth curve through the data points
and interpolating. This index is useful for comparing the code prediction
with fhe experimental measurement. Comparisons are made separately for NaOH
and Nal.

An effort is made to quantify the overall performance of each code case by
tabulating the number of times the code predicted the experimental value

within specified limits.

5.4.1 Suspended Mass Concentration

5.4.1.1 Suspended NaOH Concentration

The suspended mass concentration of NaOH aerosol predicted by the five code’
cases are plotted in Figure 5-1 for the full time period of the experiment.

The experimental measurements are also plotted for comparison with the code
predictions. Several observations are apparent from Figure 5-1. First, all
five of the codes were in good agreement with experimental results during the
NaOH source re1easé period and for approximately 1200 s afterwards. This fact
is shown more clearly in Figure 5-2, where the concentrations during the source
release period are p]btted on an expanded scale for easier visualization. The
codes ranged from 3% low to 30% higher than the experimental value during this

period.
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Secondly, after 1800 s (1200 s after end of source) the curves for the various
codes begin to diverge. The three log-normal codes underpredicted the test
result by ever-increasing margins. HAA-3 and HAARM-3 were low by a factor of
approximately 50 at 10° s, while HAA-4 was considerably better, but was

still Tow by a factor of 3 at ]05 S.

A third observation shown by Figure 5-1 is that the two discrete codes pre-
dicted the experimental result quite closely throughout the entire test
period. QUICKM and CONTAIN gave very similar results, being within 10% of
each other at all times, and never more than 50% different than the experi-
mental measurement. This is excellent agreement for blind calculations.
Detailed digital information on the suspended NaOH mass concentration pre-
dicted for the seven code cases is given in Appendix F. Each table in
Appendix F relates to one of the 12 specified code reporting times. The
arithmetic average values for the code predictions are shown in the tables.
Experimental measurements for suspended mass concentration were extracted from
the data presented in Section 4.6 and listed as a footnote in the Appendix F
tables. The ratios of the individual code predictions to the experimental
result are given in the last column of the Appendix F tables.

The number of times that each code case predicted the experimental value
within a factor of two is tabulated in Table 5-7. The factor of two would not
be inferred as a universally accepted criterion for adequate validation, but
is believed to provide a reasonable basis for the present study. It is also
consistent with the similar comparisons made in earlier ABCOVE test

(1, 2).

reports

5.4.1.2 Suspended Nal Concentration

The suspended mass concentration of Nal aerosol predicted by the 5 code cases
are plotted in Figure 5-3 for the full time period of the experiment. The
experimental measurements are also plotted for comparison. Figure 5-3 shows
that good agreement with experimental measurements was obtained by all the
codes during the Nal source release period, ranging from 30% low (HAA-3) to 5%
high (QUICKM) at the end of the source period. The data for early times are
plotted in Figure 5-4 on an expanded time scale.
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Aféer the end of the Nal source period, the codes diverged, with the
discrete code following the test measurement curve quite well, and the
log-normal codes underpredicting at ever increasing margins with time. As
was the case for NaOH, the QUICKM and CONTAIN codes gave nearly identical
results for Nal concentration. They were within 5% at end of source, 40%
low at 105 s, and 100% high at 105 s. These are excellent results for

blind calculations.

The log-normal codes underpredicted the test result by only 25% at the end
of the Nal source (2400 s) but were approximately a factor of 10 Tow at
104 s. At 105 s, the HAA-4 code underpredicted the test value by a

factor of 12, while the HAA-3 and HAARM-3 codes underpredicted by a factor
of 200.

Detailed digital information on the suspended Nal concentration predicted
for the seven code cases is given in Appendix F.

The number of times that each code case predicted the experimental value
within a factor of two is tabulated in Table 5-7.

5.4.2 Aerodynamic Mass Median Diameter -

5.4.2.1 AMMD of NaOH .Aerosol

The aerodynamic mass median diameters (AMMD), based on NaOH analysis,
predicted by the codes are plotted in Figure 5-5. A1l of the codes '
underprediéted the tést meaSurement'during the source release period. For
1500 s to 4200 s, all of the codes overpredicted the test measurement, and
all codes except QUICKM continued to overpredict for several hours. At long
times, all codes were in good or fair agreement with the test results.

Comparisons of NaOH size distributions predicted by the codes with cascade

impactor measurements are provided as log-probability plots in Figures 5-6

and 5-7 for 1800 s and 4200 s, respectively. To enable a djrect comparison
of codes with test data, the code data are plotted as aerodynamic diameter.
Cascade impactor samples were not taken at the exact time that the codes
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TABLE 5-7
CODE CASES WITH CORRECT PREDICTIONS FOR SUSPENDED CONCENTRATION

NaOH(2) Nal (@)

Time

(s) a2 3 4 5 1 2 3 4 5
6.0(2)(¢) y Y oY Y oy
9.0(2) Y Y Y Y Y Y Y Y Y ¥
1.8(3) Y Y Y Y Y Y oy
2.4(3) Y Y Y Y Y Y Y Y Y ¥
2.7(3) Y Y Y Y Y Y Y Y Y ¥
3.0(3) Y Y Y Y Y Y Y Y Y Y
4.2(3) N Y Y Y ¥ NN Y Y Y
7.2(3) N NON Y Y N ON N Y Y
1.0(4) N N ON Y Y N N N Y Y
7.0(4) N NN Y Y N ON N Y Y
1.0(5) N N ON Y Y N N N Y Y
2.0(5) N NON Y Y N ON N Y Y
Total 6 7 7 12 12 5 5 6 12 12
Correct

(a) Y indicates code predicted test measurement within a factor
of two; N indicates code predicted greater than factor of
two from measured value.

(b) Code case: Refer to Table 5-2 for identification.

(c) Number in parenthesis are exponents of ten.
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reported, so the impactor sample taken nearest to the code reporting time wa;
used. Figures 5-6 and 5-7 show that the discrete codes (CONTAIN and QUICKM)
agreed well with the cascade impactor data. -The ‘log-normal codes generally
overpredicted, but were better at 4200 s than at the earlier time.

A11 of the codes predicted an increase in the AMMD, reaching a maximum at
approximately one hour after the end of the NaOH source release period, after
which the AMMD decreased slowly with time. The test measurements exhibited a

similar trend.

Detailed digital information on the NaOH AMMD predicted by each code case is
presented in Appendix G for the 12 specified reporting times. The AMMD for
individual aerosol species was not reported by the CONTAIN and QUICKM codes.
The values for CONTAIN and QUICKM were calculated by the test performer by
plotting the reported size distribution on log-probability paper. The mass
median diameter (MMD) obtained from this plot was converted to AMMD by the use
of Equation (10).

ammp = mup (202 (10)
X -

where:
material density of aerosol particle

©
5l

dynamic shape factor

>
I}

The experimental values listed as footnotes in Appendix G tables were obtained
from cascade impactor measurements reported in Section 4.7.1. Since the
impactor measurements were not made precisely at the times reported by the
computer codes, the measured values were extracted from Figure 4-6, which is a
plot of experimental AMMD as a function of time.
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Thé.number of times that individual code cases predicted the experimental
value within a factor of 1.5 are shown in Table 5-8. Note that a factor of
1.5 is used for evaluating particle size parameters, rather than a factor of
two as is done for other parameters. Particle sizes and standard deviations
do not vary over as wide a range as other parameters and, for this reason, the
error band was assigned a value of 1.5, rather than 2.0.

5.4.2.2 AMMD of Nal Aerosol

The AMMD based on Nal predicted by the codes are plotted in Figure 5-8. The
figure clearly shows that the log-normal codes greatly overpredicted the AMMD
as a group, while the discrete codes were in reasonably good agreement with
the test measurement.

Comparison of Nal size distributions predicted by the codes with cascade
impactor measurements are provided as log-probabiiity plots in Figures 5-9 and
5-10 for 1800 s and 4200 s, respectively. The data of Figure 5-9 is for a
time during the Nal source release period. It shows that the discrete codes
gave good agreement with the cascade impactor measurements, while the
log-normal, uniform co-agglomeration codes greatly overpredicted the Nal
AMMD. This is strong evidence that the aerosol was not uniformly
co-agglomerated during the source release period.‘ The data shown in

Figure 5-10 are for a time well after the end of the Nal source, and thus
should show the extent of co-agglomeration after 1800 s without a source of
small particles. The figure shows that the discrete codes predicted the
experimental measurement very well at the large end of the size spectrum, but
only fair agreement is noted for small particles. The log-normal code HAA-4
was in reasonably good agreement, fhough slightly high, over the entire
spectrum. HAA-3 and HAARM-3 overpredicted significantly over the entire
spectrum,
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TABLE 5-8
CODE CASES WITH CORRECT PREDICTIONS FOR AMMD

NaoH (@) Nal(a)
Time ,

(s) k)2 3 4 5 1 2 3 4 5
6.0(2) N Y Y Y N - - - - -
9.0(2) N Y Y Y Y Y N N Y Y
1.8(3) y N oY Y y N N N Y y
2.4(3) N NOY oYy N N N Y Y
2.7(3) N N Y Y y N N N Y Y
3.0(3) N NCOY oY Y N N N Y Y
4.2(3) N NCOY oY Y NCONOY Y Y
7.2(3) Y Y Y Y Y N N Y Y ¥
1.0(4) Y Y Y Y ¥ N ON Y Y Y
7.0(4) Y Y Y Y ¥ Y Y Y Y ¥
1.0(5) Y Y Y Y ¥ Y Y Y Y ¥
2.0(5) Y Y Y Y ¥ N ON Y Y Y
Total 6 7 12 12 11 3 2 6 11 11
Correct

(a) Y indicates code predicted within a factor OF 1.5, N
indicates code predicted greater than factor of 1.5
from measured value.

A dash indicates that no predictions were made for
that time.

(b) Code case: Refer to Table 5-2 for identification.
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The data on AMMD and size distribution lead to the conclusion that mixed
species aerosols are not uniformly co-aggiomerated and that the discrete,
uniform bin codes are capable of faithfully following the co-agg]omeration

process.

Detailed digital information on the Nal AMMD predicted by the codes is
presented in Appendix G.

The number of times that each code case predicted the experimental value of
Nal AMMD within a factor of 1.5 is tabulated in Table 5-8.

5.4.3 Geometric Standard Deviation

5.4.3.1 Geometric Standard Deviation for NaOH Aerosol

The code predictions for geometric standard deviation of the NaOH aerosol,

Igs are plotted in Figure 5-11. A1l of the codes except CONTAIN over-
predicted % during the source release period, compared to cascade impactor
test measurements. A1l codes predicted an increase in % after the end of the
NaOH source period, reaching maxima at approximately the end of the Nal

source period. The Nal aerosol probably did not affect the NaOH size dis-
tribution significantly, because the Nal maximum suspended concentration was
only 10% of the NaOH concentration at that time.

Neither the CONTAIN or QUICKM code reported the value of Gg for the individual
aerosol species. Therefore, the test performer calculated the individual o
by plotting the reported size -distribution for each species on log-
probability paper and using the relationship defined by Equation (11) to
determine an approximate value for dg.

9

- 84.1% size : ’ (11)
% 50% size
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Figure 5-11 shows that after the maxima, the code-predicted values quickly
decreased to the experimental values and all codes underpredicted the
experimental measurement at times greater than 50000 s. '

Detailed digital information on og predicted by each code case is presented

in Appendix H for the 12 reporting times. The experimental values listed in
the tables were obtained from cascade impactor measurements, as reported in
Section 4.7.1. Since the experimental measurements were not made at precisely
the times reported for the computer codes, the measured values for og were
plotted as a function of time in Figure 4-7 and the experimental values were
picked from this curve for the desired times.

The number of times that individual code cases predicted the experimental
value within a factor of 1.5 is shown in Table 5-9. A1l five of the codes
predicted 9% within a factor of 1.5 at all times except HAA-3, which
predicted 11 times out.of 12 within the 1.5 accuracy factor.

5.4.3.2 Geometric Standard Deviation for Nal Aerosol

The code predictions for geometric standard deviation of the aerosol based on
Nal content are plotted as a function of time in Figure 5-12, along with the
experimental results based on cascade impactor measurements. The figure shows
that all the codes overpredicted the value of cg during the Nal source
release period, but were within a factor of 1.5 of the experimental measure-
ment. This fact is also shown in Figure 5-9, where the distributions are
presented in a 1og-probébi1ity plot. After the end of the Nal source, the
log-normal code predictions decreased to that of the experimental measurement
at 1045, then underpredicted for the duration of the test. The two discrete
codes overpredicted the test measurement until approximately 105 S.

¢

Detailed digital information on og predicted by each code is presented in
Appendix H. The number of times that each code predicted the experimental
result within a factor of 1.5 is shown in Table 5-9.

98




TABLE 5-9

CODE CASES WITH CORRECT PREDICTIONS OF
GEOMETRIC STANDARD DEVIATION

naoH(3) Na1 (@)
Time ]
(s) )2 3 4 5 1 2 3 4 5
6.0(2) Y Y Y Y Y - - - - -
9.0(2) Y Y Y vy oy Y Y Y Y ¥
1.8(3) Y Y Y Y Y Y Y Y Y ¥
- 2.4(3) N Y Y Y ¥ NOY Y Y Y
2.7(3) Y Y Y Y ¥ Y Y Y Y ¥
3.0(3) Y Y Y Y ¥ Y Y Y Y ¥
4.2(3) Y Y Y Y ¥ Y Y Y Y ¥
7.2(3) Y YooY Y Y YooY Yoy Y
1.0(4) Y Y Y Y ¥ Y Y Y Y ¥
7.0(4) Y Y Y Y Y Y Y Y Y ¥
1.0(5) Y Y Y Y .Y Y ¥ Y Y Y
2.0(5) Y Y Y Y ¥ Y Y Y Y Y
Total 11 12 12 12 12 10 11 11 11 N

Correct

(a) Y indicates code predicted within a factor of 1.5 for the
indicated time. N indicates code predicted greater than
a factor of 1.5 from measured value.
A dash ‘indicates that no predictions were made for that time.
(b) Code case: Refer to Table 5-2 for identification.
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5.4.4 Aerodynamic Settling Mean Diameter

5.4.4.1 Aerodynamic Settling Mean Diameter for NaOH

The aerodynamic settling mean diameter, dsa’ is defined as the diameter of
a particle which has a settling velocity equal to the sedimentation velocity
for the whole aerosol. The term "aerodynamic" refers to unit density

spherical particles.

The code predictions- for déa’ based on NaOH content, are plotted in
Figure 5-13. The experimental data in-Figure 5-13 were calculated from the
rate of change of suspended mass concentration and the use of Stokes' law
for settling of unit density spheres, as discussed in Section 4.7.2. The
assumption was made that wall plating was insignificant compared with

sedimentation, an assumption shown to be valid in Section 4.9.3.

Figure 5-13 shows that all of the codes predicted the value of dsa fairly
well immediately after the end of the NaOH source, but all of the codes
overpredicted significantly until 'approximatel'y_lo4 s, after which good
agreement with experimental measurement was\again attained. No clear trend

between log-normal and discrete codes can be seen.

Detailed information on the predicted values of dSa are presented in
Appendix I for the 12 specified code reporting times.

The number of times that individual codes cases predicted the experimental
value within a factor of 1.5 is shown in Table 5-10.

5.4.4.2 Aerodynamic Settling Mean Diameter for Nal-

The code predictions for dsa’ based on Nal content, are presented in
Figure 5-14. Inspection of Figures 5-13 and 5-14 shows very similar trends
for dSa for the two aerosol species. HAA-4, CONTAIN and QUICKM predicted

the test measurement better than HAA-3 and HAARM-3 did.

The number of times that individual code cases predicted the experimental
value within a factor of 1.5 is shown in Table 5-10.
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CODE CASES WITH CORRECT PREDICTIONS OF
AERODYNAMIC SETTLING MEAN DIAMETER

TABLE 5-10

NaoH(a) NaI(3)

Time .

(s) k) 23 4 5 1 2 3 4
6.0(2) N Y Y N y - - - -
9.0(2) Y Y Y Y Y Y N N Y
1.8(3) N N N Y y N N N Y
2.4(3) N N N Y N N N N Y
2.7(3) N N N Y N N N N Y
3.0(3) N N N N N N N N Y
4.2(3) N N N N N N N N N
7.2(3) N Y Y N Y N N Y N
1.0(4) Y Y Y Y Y N oY Y Y
7.0(4) Y Y Y Y Y Y Y Y Y
1.0(5) ' Yy Y Y y Y Y Y Y
2.0(5) Y Y Y ¥ y N Y Y Y
Total 5 7 7 8 8 3 4 5 9
Correct

jon

< < < =< - < =<

< < < =<

(a) Y indicates code predicted within a factor of 1.5, N
indicates code predicted outside a factor of 1.5 from

the measured value.

(b) Code case: Refer to Table 5-2 for identification.
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5.4.5 Leaked Mass

5.4.5.1 Leaked NaOH Mass

The code predictions for the mass of NaOH aerosol -leaked from the contain-
ment vessel are plotted as a function of time in Figure 5-15. The experi-
mental values from which curve 6 was drawn were ¢alculated, using the same
assumption as used in the code cases - that aerosol leaked at a constant 1%
of the suspended mass per day. A discussion of -the experimental results for
leaked mass is provided in Section 4.12,°

Detailed digital information on the mass of NaOH -aerosol predicted to have
leaked from the containment vessel at the twelve specified times is listed

in Appendix J.

Figure 5-15 shows that CONTAIN and QUICKM,’the.two discrete codes, predicted
the measured Teaked NaOH mass very closely at all times. The three log-
normal codes underpredicted the'experimental value at times greater than
3000 s, being low by a factor of approximately 5 at long times.

The number of times that individual code. cases péedicted within a factor of
two the experimental value is shown in Table 5-1T:: It is of fnterest to
note that the log-normal codes were generally-more_éccurate in bredicting
leaked mass than they are in predicting suspended mass concentration at
discrete times. The discrete codes predicted within a factor of two at all
times for both suspended concentration and leaked mass.

5.4.5.2 Leaked Nal Mass

The code predictions for the mass of Nal leaked from the containment vessel
are plotted as a function of time in Figure 5-16. - The codes performed very
similarly for Nal as they did for NaOH leaked mass, with the log-normal
codes significantly underpredicting the measured value and the discrete
codes being in good agreement at all times.
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TABLE 5-11

CODE CASES WITH CORRECT PREDICTIONS OF LEAKED MASS

NaoH (3) Nal (2)

Time

(s) 12 3 4 05 1 2 03 04 s
6.0(2) Y Y Y Y ¥ - - - - -
9.0(2) Y Y Y Y ¥ Y Y Y Y ¥
1.8(3) Y Y Y Y Y Y Y Y Y ¥
2.4(3) Y Y Y Y Y Y Y Y Y ¥
2.7(3) Y Y Y Y Y Y Y Y Y ¥
3.0(3) y Y Y Y Y Y Y Y Y ¥
4.2(3) Y Y Y Y Y Y oY Y Y oy
7.2(3) Y Yor vy NOY oY oYy
1.0(4) Y Y Y Y v NN Y Y Y
7.0(4) N Y Y Y ¥ NN ON Y Y
1.0(5) N Y Y Y ¥ NN Y oy
2.0(5) N Y Y Y Y NN Y oy
Total 9‘ 12 12 12 12 6 7 8 11 11
Correct

(a) Y indicates code predicted within a factor of 2, N
indicates code predicted outside a factor of 2 from
the measured value.

(b) Code case: Refer to Table 5-2 for identification.
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Detailed digital information on the mass of ‘Nal aerosol predicted to have
leaked from the containment vessel at the twelve specified times is listed in
Appendix J. The number of times the individual codes predicted the Nal leaked

mass within a factor of two is.shown in Table 5-11.

5.4.6 Settled Mass

5.4.6.1 Settled NaOH Mass

The code predictions for the mass of NaOH aerosol collected on horizontal
surfaces by gravitational settling are plotted in Figure 5-17. This parameter
was measured experimentally only at the end of the experiment. The method of
determining settled mass is discussed in Sectioﬁ 4.13. Figure 5-17 shows that
all of the codes predicted settled mass very well. Detailed digital
information in Appendix K shows that all five code cases predicted the
measured value of final settled NaOH mass within 24%.

The number of times that individual code cases predicted the experimental
value within +15% is shown in Table 5-12.

5.4.6.2 Settled Nal Mass

The code predictions for the mass of Nal collected on horizontal surfaces by
gravitational settling are plotted as a function of time in Figure 5-18. All
five codes predicted the settled Nal mass very well, with predictions ranging

from 20% low (HAARM-3) to 5% low (QUICKM).

5.4.7 Plated Mass

5.4.7.1 Plated NaOH Mass

The code predictions for plated NaOH mass are p]otted in Figure 5-19. This
parameter was measured only at the end of the test, as discussed in Section
4,14,
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TABLE 5-12
CODE CASES WITH CORRECT PREDICTIONS OF SETTLED MASS

Predicted Settled Mass(a)(b)

Code Within +15% of Measurement
Case(c) NaOH = Nal

1 Y N

2 Y Y,

3 Y N

4 Y Y

5 N Y

(a) At end of test. .
(b) Y indicates yes; N indicates no.
(c) Refer to Table 5-2 for identification.
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As was the case in earlier ABCOVE tests(]’z), the code predictions we;e moreé’
scattered for plated mass than for any other parameter. The reason for the
wide range of predictions is apparent from an inspection of Table 5-6, which
lists the values of input parameters related to wall deposition which were
used in the various codes. Values of the Brownian diffusion boundary layer
thickness (delta) differed by a factor of 600 among the codes. Two of the
codes (HAA-3 and QUICKM) did not account ‘for thermophoresis, although QUICKM
has the capability of doing so.

At the end of the test, HAA-3 and HAARM-3 overpredicted the measured plated
NaOH mass by a factor of 2, HAA-4 underpredicted by a factor of 6, CONTAIN
underpredicted by a factor of 12.5, and QUICKM underpredicted by a factor of
136.

Table 5-13 shows that only the HAA-3 code predicted the measured value within

a factor of 2.

Detailed digital information on code predictions of plated NaOH mass is
provided in Appendix L.

5.4.7.2 Plated Nal Mass

The code predictions for plated Nal mass are plotted as a function of time in
Figure 5-20. The experimental measurement was made only at the end of the
experiment, and this is plotted as the single point in Figure 5-20. Detailed
digital information on code predictions is provided in Appendix L.

Figure 5-20 and Appendix L show that there was considerable scatter among the

code predictions for plated Nal. Only HAA-3 predicted the measured value

within a factor of two.
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TABLE 5-13
CODE CASES WITH CORRECT PREDICTIONS FOR PLATED MASS

Predicted Plated Mass(a)(b)
Within a Factor of 2

Code(c) from Measurement
Case NaOH  Nal
1 Y N
2 Y Y
3 . Y N
4 oY Y

5 N Y

(a) At end of test. -
(b) Y indicates yes; N indicates no.
(c) Refer to Table 5-2 for identification.@END(VERBATIM)
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5.4.8 Instantaneous Combined Removal Rate

5.4.8.1 Removal Rate for NaOH Aerosol

The predicted values for the combined instantaneous removal rates of suspended
NaOH aerosol are plotted in Figure 5-21. Detailed digital information is
provided in Appendix M. The experimental values were calculated from the rate
of changé of suspended mass concentration énd by the use of a mass balance on
the containment atmosphere, as discussed in Section 4.15. The CONTAIN did not
report the removal rate for the individual aerosol species.

For several of the code cases, the removal rate was reported in terms of mass
rate rather than fractional rate. For these cases, the mass rate was

converted to fraction removal by Equation (12)..

e (12)
where:

Ay = removal rate, 5!

R = mass removal rate, g/s

vV =852 m

C = suspended mass conc., g/m3

Figure 5-21 shows that HAA-4 and QUICKM predicted the NaOH removal rate quite
well at most times. The.number of times that each code case predicted the

experimental value within a factor of 2 is shown in Table 5-14.
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TABLE 5-14

CODE CASES WITH CORRECT PREDICTIONS FOR
INSTANTANEOUS REMOVAL-RATE

Time NaOH(f) NaI( )
() 1™ 2 3 4 51 23 4 5
6.0(2) (c)  (c) (c) (¢) (c) - (c)(c) (c) (¢} (c)
9.0(2) (c) + (c) (c) (¢) (c) " (c) (c) (c) (c) (c)
1.8(3) Y CNCY (d) Y - (c) (c) (c) (c) (c)
2.4(3) N N oY (d) Y (c) (c) (c) (c) (c)
2.7(3) N N oY (d) Y (c) (c) (e) (c) “(c)
3.0(3) N Ny (d) Y N N ‘N (d)- N
4.2(3) N Y v (d) Y NN (d)T N
7.2(3) N Y N Y . ONCN N (d) N
'1;0(4) Y Y N (d) Y N Y N (d- N
7.0(4) Y Y Y (d) Y Y- Y Y (d) N
1.0(5) y Y- N (d) Y N Y N (d) N
©2.0(5) N Y N (d) Y N oY N (d) Y
Total 4 6 6 (d) 10 1 4 1 (d) 1
Correct ’ ’ :

"(a) Y indicates code predicted within a factor of 2, N
indicates code predicted outs1de a factor of 2 from
experimental measurement, o
Code case: Refer to Table 5-2 for 1dent1f1cat10n
Experimental data not available at th1s time.

Not reported

N .
TN T
. N e
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5.4.8.2 Removal Rate for Nal Aerosol -

The predicted values for the removal rate of suspended Nal aerosol are plotted
as a function of time in Figure 5-22. Detailed digital information is pro-

vided in Appendix M.

Figure 5-22 shows that the three log-normal codes overpredicted the experi-
mental measurement'significant]y at early times. HAA-4 gave good agreement
for times later than ]04 s. CONTAIN did not report the removal rate for

Nal. QUICKM underpredicted the remova] rate significantly at all times, which
is'surprising in view of the good agreement between QUICKM and experimental
measurements for all other parameters. The removal rates reported by QUICKM
are for sedimentation only. Since other removal processes (diffusion and
leak ) were insignificant compared to sedimentation at all times, this does not
account for the inconsistency. It is concluded that there may be a reporting
error in the QUICKM output.

5.5 DISCUSSION-OF CODE PREDICTIONS

This discussion highlights some of the more significant aspects of code
predictions for test AB7. No attempt is made to arrive at value judgments as
to the accuracy of any of the codes. What is given here is intended to assist
the reader in reviewing some of the results of the ABCOVE program for test

AB7.

5.5.1 Comparison of Log-Normal and Discrete Code Results

The codes involved in the test AB7 exercise can be classified into two broad
groups: the log-normal, uniform co-agglomeration codes (HAA-3, HAA-4;-HAARM-3)
and the discrete, sectionally uniform codes (CONTAIN, QUICKM). It is unfor-
tunate that a discrete, uniform co-agglomeration code was not involved, since
some of the differences observed between the discrete and log-normal codes is
probably due more to the manner of handling multiple species than in the
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analytical methods for defining the size spectrum. For the sake of brevity,
the two classes are termed "discrete" and "log-normal" in the following
discussion, but the differences in handling multiple species should be kept in

mind by the reader.

5.5.17.1 Suspended Mass Concentration

The individual code predictions of suspended mass concentration are plotted in
Figures 5-1 through 5-4. In Table 5-15 the data are presented as average
values for the two types of codes. Also listed in Table 5-15 are the
dimensionless concentrations, based on thé‘concentration at the ends of the
source for the two aerosol species. The data of Table 5-15 are plotted in
Figuré 5-23 for the NaOH Aerosol and in Fiqure 5-24 for Nal. The experimental
data are also plotted in a similar fashion.

An examination of Figure 5-23 shows that the discrete codes were in good
agreement with the experimental measurement for NaOH at all times, whereas the
log-normal codes, as a group, underpredicted the experiment at all times after
the end of the NaOH source. Figure 5-24 shows a similar behavior for the Nal
aerosol species, with even greater underprediction by the log-normal codes.

The difference between‘the discrete and log-normal codes is shown somewhat
differently in Figure 5-25, where the ratios of the code predictions to
experimental measurement of suspended concentration are plotted as a function
of time. Figure 5-25 clearly shows the superiority of the discrete code
predictions for both NaOH and Nal.

5.5.1.2 Leaked Mass

For accident cases where containment jntegrity‘is maintained, offsite
consequences would be governed mainly by leaked mass due to normal leakage.
In the ABCOVE exercise, normal Teakage was assumed to be constant at 1% per
day for both the doe calculations and experimental result. Thus, the leaked
mass is directly proportional to the time-integrated suspended mass.
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Time. After {s)

CODE PREDICTIONS OF DIMENSIONLESS SUSPENDED CONCENTRATION

'TABLE 5-15

AFTER END OF SOURCE -- TEST AB7

2.0(5)

(b) Average of CONTAIN and QUICKM code predictions.

(a) Average of HAA-3, HAA 4, and HARRM-3 code pred1ct1ons

*Run End of End of 'Log-Norha1 Code Average(a) . . Discrete Code Average(b)
“Time NaOH Nal NaOH , ‘ Nal : NaOH_ Nal®

(s) Source ~ Source C C/Co__ C C/Co . C C/Co.__ C C/Co__
6.0(2) 0 - 3.39(0) 1.00(0) - - 3.72(0) 1.0 < - -
9.0(2) 3.0(2) . - 3.34(0) 9.86(-1) - - 3.71(0) 9.97(-1) . - -

1.8(3) 1.2(3) . - 3.05(0) 8.99(-1) - - 3.57(0) 9.61(=1) - e
2.4(3) 1.8(3) 0 2.40(0) 7.09(-1) ~ 3.29(-1)  1.00(0) 3.35(0) 9.00(-1)  4.28(-1)  '1.00(0)
2.7(3)  2.1(3)  3.0(2) 2.13(0) 6.28(-1)  2.91(-1) 8.86(-1)  3.19(0) 8.58(-1) - 4.20(-1)  9.81(-1)
13.0(3)  2.4(3) ° 6.0(2) 1.87(0) 5.53(-1)  2.56(-1) 7.78(-1)  3.01(0) 8.09(-1)  4.09(-1) - 9.57(-1)
4.2(3) 3.6(3)  1.8(3) 1.10(0) . 3.25(-1)  1.50(-1) 4.58(-1)  2.18(0) . 5.85(-1) 3.42(-1)  .8.00(-1)
7.2(3) 6.8(3)  4.8(3) 3.78(-1) 1L1(-1)  5.20(-2) . 1.58(-1)  8.80(-1)  2.36(-1)  1.92(-1)  4.50(-1)
1.0(8)  9.4(3)  7.6(3) 1.82(-1) 5.37(-2)  2.46(-2) .. 7.49(-2)  5.09(-1)  1.37(-1)  1.32(-1)" 3. 10(-1)
7.0(4) 6.9(4) - 6.8(4) 1.78(-3) 5.24(-4)  2.37(-4) 7.21(-4) 1.80(-2)  4.85(-3)  9.97(-3)  2.33(-2)
1.0(5)  1.0(5)  9.8(4) '6.20(-4) 1.83(-4)  8.09(-4) 2.46(-5)  8.23(-3)  2.21(-3)  5.28(-3)  1.23(-2)
2.0(5) 1.98(5)  5.68(-5) 1.67(-5)  7.33(6) 2.22(-5)  1.32(-3)  3.56(-4)  1.21(-3)  2.83(-3)
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Tﬁe ratio of code prediction to experiment for leaked mass is plotted as a
function of time for both NaOH and Nal in Figure 5-26. The reader should note
that the ordinate in Figure 5-26 is a-linear scale rather than the log scale
used in Figure 5-26. Figure 5-26 shows that the leaked mass was predicted
better by the discrete codes for both types of aerosol species.

5.5.1.3 Particle Size

The settling mean diaméter is a better measure of the aeroSbl particle size
than the mass median diameter for conditions where gravitational settTing
dominates the removal processes (as in the present case) and for an aerosol
that does not have a log-normal size;distribdtion., The aerodynamic settling
mean diaméter (ASMD) is plotted in ngqre 5-27 as ‘the ratio of code to
experiment for the two classes of codes. The discrete codes agéih'gave better
agréement with experiment than the.]dg-normal codes did. The log-normal codes
greatly overpredicted the ASMD (especiéT]yvfor.NaI) at timies near the end of
the Nal source. This explains why_theksuspenQed concentration predicted by
the ]og-norma1 codes decreased more rap{d1y than the experiﬁéﬁta] measurement .

Bettef‘agfeement of the log-normal codes couid undoubted]y be obtained by
post-test calculations with differeﬁt Va]ues of key. input parameters, but this
was not done. The discrete codes were in reésonab]e agreement with experiment
,fop1both ae}osol species. '

5.5.1.4 Plated Mass

The ratio of code prediction to experiment for wall plated'masétis given in
Table 5-16 for each of the five codes. Only the total plateout at the end of
the test is given, since that is the only time experimental data are avail-
able. Table 5-16 shows that the log-normal codes were in better agreement
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TABLE 5-16
COMPARISON OF PREDICTIONS OF PLATED MASS

" Ratio of Code to Test(2)

Code NaOH Nal

HAA-3 2.14 2.08
HAA-4 0.17 0.28
HAARM-3 2.03 2.74
CONTAIN 0.08 0.43
QUICKM 0.007 0.06
Log-Normal Average 1.45 1.70
Discrete Average 0.044 0.25

(a) At 2x10%s.

with experiment than the discrete codes. However, this is not due to the
nature of the codes, but to;the values used for input wall plating para-
meters. HAA-3 and HAARM-3 Qsed an empirical value for the diffusion
boundary layer thickness that had given good agreement with experimental
measurement in previous CSTF tests. An examination of the diverse input
values used by fhe various codes (refer to Table 5-6) explains why such a
large variation in dutput was obtained for wall plateout.

Poor agreement of code predictions for wall plateout with experiment was
also noted in previous ABCOVE téSts(l’Z)}f;A]though wall plateout is
usually a minor removal mechanism in large cdnfainment buildings (compared
with settling), the amount‘of"aeroso] p]afed onto Verticai’surfaces can be
important from a heat transfer aspect, and an effdrt to improve the

capability of codes for predicting this parameter is warranted.

5.5.2 Comparison of Aerosol Behavior in Test AB7 With Test AB6 Results

A detailed comparison of test AB7 with previous ABCOVE tests is beyond the
scope of the present document, but a brief discussion is presented on com-
parisons of test AB7 with test AB6. The discussion is limited to code
performances in predicting the suspended mass concentration of NaOX and
Nal.
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Tests AB6 and AB7 d1ffered 1n two 1mportant aspects, which affected the
behavior of the lesser mass species (NaI) First, mass release rate of the
dominant mass species, NaQ x> Was 15 times greater in test AB6 compared to
test AB7. This resulted in the maximum suspended mass concentration of

Nan being approx1mate1y 10 times greater in test AB6, which caused a

higher rate of agglomeration, larger partic]es and more rapid fallout. The
second 1mportant d1fference between the two tests was the relative timing of
re]ease for the two aeroso] species. In test.AB6, the Nal was released
first and NaO release cont1nued for 2400 s after the end of the Nal

release per1od. In test AB7, the Nal source period occurred after the end

of the NaOH release.

The effects of the two key experimental differences in the two tests can be
seen in Figure 5-28, in which the dimensionless suspehded mass
concentrations are plotted as a function of time on semi]ogarithmicfpaper;
First, the concentratioh~deereasedamuch'more rapidly in test AB6 for both
aerosol species. This was due to the higher absolute concentration of

Na0, in test AB6. Both Tog-normal andAdiscrefe codes predict this

behav1or due to concentration differenees. The ihf]ection in the Nal curve
for test AB6 is believed to be due to resdspension(z)..

Secondly, Figure 5-28 shows that the concentration of Nal decreased more
rapidly than that of NaOH in test AB6, while the converse was true in test
AB7. This interesting behavior was caused by the different timing of
release of Nal and is predicted by the discrete, sectionally uniform codes.
Since the log-normal codes use the assumption that all aerosol particles
have the same composition,:they predict the same fa]]out rates ‘for Nal and
Nan, which is not supported by the experimental resu]ts

“Several other differences in the two tests should be noted. The temperature
of the containment atmdsphere was very low in test AB7 (34°C maximum), and
Nal was not exposed to oxidizing conditions at high temperature, as was the
case in test AB6. Although the authors do not believe that significant I,
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fo?mation occurred in test AB6, there was a much lower probability of 12
formation in test AB7. Another difference between the two tests was that in
test AB7 the convection velocities were much lower, the aerosol deposit
thickness was much thinner, and thé deposit was wet and sticky, all of which
tended to minimize resuspension in test AB7. Significant resuspension was
suspected in test ABG(Z). Another difference in-thé two tests was that

the ratio of Nal to Na0, suspended mass was much higher for test AB7,
enabling larger Nal samples to be taken, with better experimental accuracy
for Nal.

The performance of codes in predicting the Nal suspended mass concentration
in tests AB6 and AB7 is shown in Figure 5-29." In Figure 5-29 the
dimensionless concentration, based on conceﬂtration at the end of the Nal
source, is plotted on ]ogarithmic paper as a function of time after the end
of the Nal source. Interpretation of the test AB6 results is complicated
because of the suspected resuspension of previdus1y deposited aerosol, which
may have caused the slowing of decay at tﬁmes to 2400 s. .The inflection in
the AB6 experimental curve at 2400 s coincided with the end of the sodium
spray fire and its attendant vigorous convection currents.

Figure 5-29 shows that the discrete codes‘agreeq'well with the AB6 experi-
ment at times less- than 1000 s and with test AB7 at all times. The Tog-
normé] codes overpredicted the AB6 experiment significént]y at times less
than 2400 s and underpredicted the AB7 experiment at all times. The HAA-4
code prediction is plotted separately from the other log-normal codes for
testx AB6 -because it was in better>agreement with experiment than the other
]og-normal‘codes. It predicted approximately the same as the other
log-normal codes for test AB7.

The authors coqc]ude that the diég%ete, sectionally uniform codes are cap-
able of godd‘accuraty in the prediction of the behavior of a multiple species
aerosol with dffferent-source periods. -The authors also conclude that the
assumﬁtian beuniform coagglomeration used in all of the log-normal codes
appears to be incorrect and can lead to significant error in predicting the
minor mass species in a multiple species aerosol under some cohéitions. o
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APPENDIX. A

DATA ACQUISITION SYSTEM CHANNEL IDENTIFICATION

The identification and location of each data acquisition system (DAS)
channel is given in Table A-1. Coordinates used to define the thermocouple
locations cited in Table A-1 are illustrated in Figure A-1.
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TABLE A-1

DATA ACQUISITION SYSTEM CHANNEL IDENTIFICATION - TEST AB7

*Used in averaging to obtain

mean atmospheric temperature.

A-4

Recorder
No. & Point Measurement  Qutput Description & Location
0 - std temp °F Set at 100°
*] 3-1 CV atmos temp °F - +9.15-m elev, 1.27-m radius, 150°
*2 3-2 CV atmos temp °F +5.79-m elev, 1.27-m radius, 175°
*3 3-3 CV atmos temp °F +2.44-m elev, 1.27-m radius, 175°
1/8" diam, 1/4" tube
*4 3-4 CV atmos temp °F  -0.91-m elev, 1.27-m radius, 175°
“ 1/8" diam, 1/4" tube
*5 3-5 CV atmos temp °F -3.96-m elev, 1.27-m radius, 175°
1/8" diam, 1/4" tube
*6 3-6 CV atmos temp °F - -7.01-m elev, 1.27-m radius, 175°
1/8" diam, 1/4" tube
*7 3-7 CV atmos temp °F. +9.15-m-elev, 2.24-m radius, 160°
*8 3-8 CV atmos temp °F +5.79-m elev, 2.24-m radius, 175°
*9 3-9 CV atmos temp °F +2.44-m elev, 2.24-m radius, 175°
%10 3-10 CV atmos temp °F -0.91-m elev, 2.24-m radius, 175°
*11 3-11 CV atmos temp °F -3.96-m elev, 2.24-m radius, 175°
*13 3-13 CV atmos temp °F +9.15-m elev, 2.90-m radius, 170°
*14 3-14 CV atmos temp °F  +5.79-m elev, 2.90-m radius, 175°
*15 3-15 CV atmos temp  °F " +2.44-m elev, 2.90-m radius, 175°
*16 3-16 CV atmos temp °F © -0.91-m elev, 2.90-m radius, 175°
*17 3-17 CV atmos temp °F - =3.96-m elev, 2.90-m radius, 175°
18 3-18  CV atmos temp °F  -7.01-m elev, 2.90-m radius, 175°
*19 3-19 CV atmos temp °F +9.15-m elev, 3.40-m radius, 170°
*20 3-20 CV atmos temp °F +5.61-m elev, 3.40-mAradius, 175° )
*21 3-21 CV atmos temp °F +2.44-m elev, 3.40-m radius, 175°
*22 3-22 CV atmos temp °F -0.73-m elev, 3.40-m radius, 175°
*23 3-23 CV atmos temp °F -4.27-m elev, 3.40-m radius, 175°
*24 3-24 CV atmos temp °F 7.07-m elev, 3.40:m radius, 175°




46

**{Jsed in averaging to

TABLE A-1 (Cont'd)

: Recorder ,

No. & Point Measurement Qutput Description & Location

25%* 6-1 CV. steel temp °F Inside surface, +8.84-m elev, 180°

26%* 6-2 CV steel temp © °F Inside surface, +8.84-m elev, 0°

27 6-3 .CV.steel temp °F Inside surface, +4.57-m elev, 30°

28 6-4 CV steel temp °F Inside surface, +4.57-m elev, 210°

29 6-5 - CV steel temp °F . Inside surface, -0.91-m elev, 30°

30%* . 6-6 CV steel temp °F Inside surface, -0.91-m elev, 210°

32%* 6-8 CV steel temp °F Inside surface,v-3.66-m elev, 210°

33 6-9 CV 18~in I beam °F . Surface, +8.5-m elev, 0" radius
34 6-10 CV atmos temp . °F At .T1 station, 0.15 m from wall

35 6-11 CV 18~in. I beam °F Surface, +8.5-m elev, 2.44-m raduis

36 6-12 CV atmos temp - °F ~ At T2 station, 0.16:m from wall

37 6-13 CV 18-in I beam °F . Surface, +8,5-m elev, 3.66-m, radius, 180°
38 6-14 CV steel temp °F Top..dome surface, 0.31-m radius

39 6-15 CV atmos temp - °F 0.010 m from dome surface, 0.31-m radius

40 6-16 CV atmos temp °F - 0.019 m from dome sukface, 0.31-m radius

4] 6-17 CV. atmos temp °Fi" 0.051 m from -dome surface, 0.31-m radius

42 6-18 CV atmos temp °F - 0.305 m.from dome surface, 0.31-m radius
43*%* 6-19 CV steel temp - oF Inside surface ~5.79-m elev, 225°

44 6-20 CV steel temp - °F Inside surface ~9.15-m elev, 300°

45 6-21 CV steel temp °F Inside surface -8.54-m elev, 180°

6-22 CV.steel temp °F - Inside surface. -9.45-m elev, 300° bottom head

47 6-23 . CV atmos temp  °F - -5.79-m elev, 1.22-m radius, 95°

48** 6-24 CV steel temp °F Inside surface +10.7-m elev, 1.22-m radius,

’ 285°

49 . - 11-1 CV steel temp °F Outside surface top dome center, +11.0-m elev
50%* 11-2 CV steel temp °F - Outside surface, +6.10-m elev, 180° azimuth
51%* 11=-3 CV steel temp °F Outside surface, +1.22-m elev, 180° azimuth
52** 11-4 CV steel temp °F Qutside surface, -3.05-m elev, 180° azimuth

obtain mean temp. of CV steel.
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**|sed in averaging to obtain mean temp. of steel.

TABLE A-1 (Cont'd)

Recorder : .
No. & Point Measurement Output- Description & Location
53** “11-5 CV steel temp °F Qutside surface, -8.79-m elev, 135°
54 11-6 Qutside:- air °F +9,15-m elev, 0.30-m from CV, 260°
55 11-7 OQutside air °F +2.13-m elev,-0.30-m from CV, 180°
56 11-8 Qutside air °F -6.10-m elev, 0.30-m from cv, 180°
57 11-9 Qutside air °F Ex-CV room ventilation exhaust
58 11-10 18-in ‘I beam °F -0.46-m radius, +8.5-m elev, embed, 180°
59 11-11 18-in I beam °F -3.36-m radius, +8.5-m elev, embed, 180°
61 11-13 CV atmos temp °F 0.010 m from wall, +1.52 m elev, 100°
62 11-14 CV atmos temp °F 0.020 m from wall, +1.52 m elev, 100°
63 11-15  CV atmos temp  °F  0.050 m from wall, +1.52 m elev, 100°
64 11-16 CV atmos temp °F - 0,305 m from wall, +1.52 m elev, 100°
65** 11-17-.+-CV steel temp °F Inside surface +1.52 m elev, 100°
66** 11-18 CV steel temp =~ °F  Inside surface +4.27 m elev, 180° -
67%* 11-19 CV steel temp . °F Inside surface +1.22 m elev, 345°
68%* 11-20 CV steel temp °F - Inside surface, -5.79 m elev, 30°
69 11-21 CV insulation °F Quter surface, -6.10 m elev, 108°
70 11-22 CV atmos temp - °F At T3 station, -0.15 m from wall
71 11-23 CV .insulation °F -3.96 m elev, outer surface 108°
77 5-5 CV atmos temp. °F At T4 station, 0.15 m from wall
78 18-in I beam °F Surface, +8.5 m elev, 1.83 m radius, 1804
79 18-in I beam °F Surface, +8.5 elev, 3.05-m radius, 180°
80 CV atmos temp °F +6.71 m elev, 1.27 m radius, 175°"
81 "~ CV atmos temp °F +6.71 m elev, 2.90 m.radius, 175°
82 5-10 CV steel temp °F Qutside surface, +8.84-m elev, 270°
83 - 5-11 CV steel temp °F Outside surface, -0.92-m elev, 30¢
84 5-12 CV steel temp °F Qutside surface, -7.01-m elev, 90°
85 CV steel temp °F HM-3 Temp, outer wall, +0.46-m elev, 266
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TABLE A-1 (Cont'd)
Recorder

No. & Point Measurement Qutput - Description & Location

86 CV steel. temp °F HM-2 Temp, outer wall, +0.46-m elev, 254°

87 CV steel temp °F HM-4 Temp, inside wall, +8.54-m elev, 280°

88 CV steel temp °F - HM-5 Temp, inside wall, +5.49-m elev, 327°

89 CV steel temp °F HM-6 Temp, inside wall, -6.10-m elev, 327°

90 CV atmos temp. °F -0.91-m.elev, 0.91-m radius

91 CV atmos temp °F -0.91-m elev, centerline

93 CV atmos temp °F -4,27-m elev, centerline

92 CV atmos temp °F -4.27-m elev, 0.91-m radius

97 Na Tine temp °F Na line 1.22-m from nozzle

98 Nozzle temp °F Na spray nozzle

102 CV steel °F Catch pan floor, -8.48-m elev, center

103 CV atmos °F -~ 0.30 m above catch pan

104 - Temperature .- °F . Nal Liquid Temp

105 Temperature .  °F .- Nucleator outlet temp

113 3-12 Sodium temp °F Sodium supply tank, TK-2

141 7-4 Percent 02 mV +6.10 m elev, -3.51 m radius, 255°

159 7-11 Percent 02 mV- -6.70 m elev, 3-51 m radius, 70°

163 8-Red.  CV Pressure -mV CV Pressure 600MV = 60 PSIA = 413.7 kPa

164 10 Red Diff Pressure mV Differential pressure between TK-2 and CV

166 9 Green Diff Pressure mV; - Cv énd spray nozzle pressure diff

167 Heat Flux my  HM-1, 8.21 BTU/FtZ2-Hr-mV, +0.46 m elev,
254°, inside wall surface

168 Heat Flux mv  HM-2, 8.27 BTU/Ft2-Hr-mv, +0.46 m elev,
254°, outside wall surface

169 Heat Flux mV HM-3, 8.08 BTU/FtZ-Hr-mV, +0.46 m elev,
260°, outside surface under ijnsulation

170 Heat Flux mV HM-4, 9.05 BTU/FtZ—Hr-mV, +8.54 m elev,

280°, inside wall surface




9-Red

Rad. Heat Flux

A-8

TABLE A-1 (Cont'd)
Recorder ,
No. & Point Measurement Output Description & Location
171 Heat Flux my - HM-5, 9.23‘BTU/Ft2—Hr-mV, +5.49 m elev,
327°,'inside wall surface
172 Heat Flux mV HM-6 11.25!BTU/Ft2-Hr-mV, 6.40 m elev,
327°, inside wall surface
174 7-1 Dewpoint mV +6.10 m elev, 3.51 m radius, 255° 100mV -
37.8°C
175 7-2 Dewpoint mV -6.70 m elev, 3.51 m radius, 70° 100mvV =
37.8°C | |
178 7-5 Percent H2 mvV +6.10 m elev, 3.51 m radius, 255° 100mV =
37.8°C
179 7-6 Percent H2 mV -6.70 m elev, 3.51 m radius, 70° 100mV =
180 4-Red = Sodium flow mV Sodium spray rate, 10 mV = 630 g/s
181 8-Blue  Sodium mass, 1b mV Load cell on TK-2, 600 hv=600 1b=272 kg
182 mV Radiant heat flux meter, -1.93 m elev, 8

aiimuth, 0.47 m from outer wall
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APPENDIX B

DIGITAL QUTPUT FOR INTIAL 56 MINUTES FOR ALL CHANNELS

A1l the digital data recorded on magnetic tape during the initial 56 minutes
of test AB7 are listed in Tables B-1 through B-13. After 56 minutes,
temperatures were fairly uniform throughout the vessel and the average
values given in Appendix C can be used.

Identification of each data acquisition system (DAS) channel is provided in
Appendix A.

The contents of Tables B-1 through B-13 are as follows:

Tables Channels

B-1 DAS 1 through DAS 9
B-2 - DAS 10 through DAS 19
B-3 DAS 20 through DAS 28
B-4 DAS 29 through DAS 38
B-5 DAS 39 through DAS 47
B-6 DAS 48 through DAS 56
B-7 DAS 57 through DAS 66
B-8 DAS 67 through DAS 80
B-9 DAS 81 through DAS 89
B-10 DAS 90 through DAS 101
B-11 DAS 102 through DAS 164
B-12 DAS 166 through DAS 179

B-13 DAS 181 through DAS 182




TABLE B-~1

DIGITAL OUTPUT FOR CHANNELS | THROUGH ® -- TEST ABY
{REFER TO TABLE A-! FOR CHANNEL DESCRIPTIONS)

TINE DASE ! [iAS3 2 DASE 3 - DASE & iast < [a5% & IASE 7 RS 2 Mh%s §
RECONDS nes € BES C LEG C DEG C DEG - BEG L DEG iEG € DEG £
~4,7 5.1 23.8 23,7 2344 Y | 22,8 25,6 24,1 23,7
-3.7 251 23.8 25,7 23,5 - 23,4 22.8 29 241 23
=30 2 23,8 2.7 2344 23,4 22 2946 241 23.8
-1:4 Bl 23,8 23.7 3.4 2.5 22 5.6 24,1 23,9
1.3 33,9 23,9 23.8 23.7 236 © 23,0 29,2 25,2 25,0
fd 9.3 29,4 2944 . 24,5 23,4 33eb 41,8 304
2.0 47,7 32,4 26,7 5.1 24,7 23,6 46,1 39,2 b
2.8 44.1 33.3 2744 25:2 24,7 23,4 - 84,4 3647 2007
34 42,1 3.8 '27.8 5.3 24,8 2.6 42,4 34,7 30,0
543 3843 33,0 28.1 25.4 4.8 23.6 38.8 31,9 29,3
bl 373 32,4 8.1 25,5 24,8 Bs 37 30,7 8.7
79 351 3.8 28,1 25,7 25,0 23,7 36,4 30,3 8.6
7.8 3.3 313 28,1 23,8 251 23,7 34,7 29.9 283
3:b 33.;9 33.8 2841 25,9 25,2 . 23.8 4.1 29.3 28,4
9.5 33.8 30,4 28.0 5.7 2542 23.8 341 9.4 20
10,3 33,7 30.0 27.8 25.9 252 23.8 34.9 28.7 27.:4
thd 33:3 2943 2046 26.0 25,2 23,9 35,7 7.7 27
20 33.0 29,0 27.4 26,1 25,3 24,0 3343 27.4 2.1
136 3.4 28,2 7.3 2642 25,5 24,3 2.8 27+4 27,
153 Y 2.8 27.4 2644 257 24,5 32,1 274 27,4
16,4 3 27,7 27,4 2603 29.8 28,4 3.9 27,7 274
211 29,4 27,6 27,7 26,8 26,3 25.3 295 2.9 27,
26,1 29.3 2749 28.¢ 27.i 26,7 25.8 29,9 28,4 28,2
31 295 8.3 28,3 - 27,3 27, 26,3 295 28.8 28,6
36.1 28,7 28,3 28.4 27.7 27,3 26,3 29.1 284 B3
411 2.2 27.9 28,0 .5 20 25,9 29:ib 27,3 7.8
46,1 29,4 7.3 274 27:0 26,4 254 2746 2741 e
31 22,9 2.9 26,9 2646 25.9 250 - 294 26.3 26,4
51T 8.8 26,8 2046 26,3 25+4 24,7 29.4 26,8 28,3

B-3




TIKE
SECONIS

1l
20

2.8

3'!"
4,5
503
bt
7.0

7.8
246
9.5
1.3
1.

20
12.8
134
14,5
153

16,1
211
2644
31
361

ALt

46,1 .

ahl

.19

DASE 10
TEG C

(4% )
-

[ S T T T |
L3 Tt Cod Crd Gl
-

N = N ]

~
(]
~4

24,3
26.8
26,35

26,3

26,3
2642
2600
26,2

26,4

2643
28,6
26.4
263
2644

26,4
26,7
2647
26,7
26,9

26,7
27,2
27,5
27.8
27,9

27,4
2644
26,2
26:0

[ASE 1t
NEG C

2346
2344
236
23,7
236

2347
24,3
6.1
25,7

ra
«n
-

-

-

-

-

2 e 2R3 R
WL
-

W == O -~ R

-

TABLE E-2

FIGITAL QUTPUT FOR CHANNELS 10 THROUGH 19 -- TEST A7

{REFER TO TABLE A-1 FOR CHANNEL TESCRIPTIONS)

bASE 13 DASE 14 DASE 13

DEG €

G € IEG C
2.4 23,9
.3 2.0
24,3 24,0
2.3 3.9
24,3 24,0
.3 24,0
25,5 25,0
4.7 32,0
38,0 19
35.4 3.2
4.2 30,4
.9 2.9
2.2 9.5
0.9 2.0
30,3 28,7
30,3 8.7
2.7 284
9.4 27,6
9,1 57,4
2.2 27,1
27.8 7.1
27,8 7.2
7.7 27,3
27.8 7.4
27.8 28,2
27,9 27.4
28,0 27,8
2.5 2.1
28.8 8.4
2.6 28,3
8.1 27,8
7.3 7.1
7.1 26,7
27,0 26,4

B-4

DASE 16
IEs C

ol G4 Lt O Lt
-
Y B B B I N )

[0 A T S I o O ]

[

Cond

-
~J

28.6
2.6
26.8
26,4

26,2

25,9

26,3
26,8

2647
2647
26,2
2644
2644

2046
26,7
268
2607
26,9

27.9
2743

?lé
27,9
27,7

274
2647
26,2
26:8

iASE 17
BES C

23.8
23,8
237
23.8
23.8

IASE 18
BEG C

27
et

2340
23,0
2.9

23,0

23,0
23,7
24,9
24,7
24,

I PRI BRI DI P
o BB
-

R D e

-

-

-

P2 PRI PD
[ I [ AU, )
-

Lol - N L -

-

28,5
4.7
24,5

TikSs 19
DIEG €

25,3
an i

Lodel
€
2J04

rd

=
ek
544

r3

25,4
31,9
248
3046
47,1

44,4
474
80,7
39.3
38,4

3énd
38,2
334
34,7
34,3

33.3
353
32,8

R
O

3&. 0‘1
34
30.4
29,7
29,3

2648

29.6

29,3

N
29.2

291




TARLE B-3

DISITAL OUTPUT FOR CHANNELS 20 THROUGH 28 -- TEST b7
{REFER 73 TABLE A-1 FOR CHANNEL DESCRIPTIONS)

TIME DASE 20 pASE 21 IAsE 22 OAS$ 23 - DASE 24 DASH 23 DASE 26 DASE 27 [iAsE 2

SECONDS MG C IEG C DEG C IE6C° - DEGC IE5 € 0EG © TEG T TES L
-4,7 24,0 23,9 236 23,3 22,7 22,9 2.9 22,8 2
-39 i 23,9 23,6 23,4 2,7 23,0 22,9 22,8 258
-39 24,0 23,9 236 3.4 2.7 25,0 22,9 2.8 22,
-2 24,0 23,9 2346 23,4 22,7 23,0 2.9 22,8 N
-1.4 4.1 23,9 236 23,4 *22.7 23,0 -2, 22,8
0.5 24,1 3.9 23,7 3.4 2.7 23,1 23,0 2.8
0.3 25.2 25,0 24,5 24,17 2234 23 23,3 7.8 2.8
1,1 43,9 32,2 2.6 25,7 5.0 T 4.0 3.7 . 23,3 254
20 39,5 31.8 2%.8 54 2.5 - 24 23,7 23,8 23,1
2,8 3645 31.9 2.6 25,2 4,2 24,4 23,7 24 D34
3 3.2 3. 2.4 25 2441 M8 23.8 24,2 23.5
4.5 32,7 30.4 26,7 25, I " 2806 23.8 4,7 237
53 3.2 297 362 50 - . 2 L 246 23,9 C42 3.8
bl 30.6 28,9 27,0 5.2 4.1 24,6 24,0 24,7 23,8
74 3001 2.7 27,3 25,4 24,2 24.5 24,0 24,1 23.9
7.8 29.9 28,8 26,8 25,6 24,3 24,4 24,4 24,1 73,8
85 29,3 8.3 26,9 258 . 24,2 24,4 24,1 24,1 23,9
9.5 28.8 27.8 26,6 TS T 4.6 4.2 24,1 24,0
16,3 28,4 27,6 2646 %5 - M4 24,4 24,2 24,1 24,0
1.1 28,1 27.2 26,7 25,5 2,2 446 24,2 24,1 2440
12,0 21,5 26,9 2646 25.6 24,2 24,6 24,2 74,0 24,0
12,8 27,3 26,9 266 25,7 24,3 24,7 M3 24,0 7440
134 2.2 269 26,4 25,8 74,4 24, 24,3 24,0 24,0
15,3 2,2 27.1 2.8 2640 24,7 24,7 24,4 24,0 24,1
16,1 27,3 27,2 26,8 2.1 24,7 24,4 - 2404 24,0 244
201 7.4 27,4 2740 26,4 2.1 24,7 244 24,1 24,1
261 27,9 27.7 27,3 267 25,5 24,8 “24,7 24,2 Thl
L 6.2 27,9 2746 27,0 5, 24,9 24,8 24,3 74,4
360 8.1 IR B N 27,0 25.5 25,1 24,9 28,5 24,6
Al 7.5 27,4 7 26,4 25,1 25.1 251 244 24,7
86,1 27,0 2,8 2645 25,7 2444 252 5.2 24,6 24,7
5141 2.8 2544 26,1 25,3 24,3 25,3 35,2 246 4,7
%61 267 2642 25,9 5.1 24,1 25,3 25,3 28,6 4T

B-5




TIHE

SECONDS

ASE 29 DASE 30

ES C TEG €
22.8 22,
2.8 22,7
72,8 22,4
22,8 72,7
22,
22,8 2,7
2.9 22,7
23.1 229
23,2 23,0
73,2 23,0
23,2 23,1
23,3 23,1
23,3 23.1
23.3 23,1

23,4 2341
23,4 23.2
23,4 23,
2.5 23,2
23.5 23,2
23.5 3.2
3.5 73,3
23,5 23,3
23.4 23,3
23,4 23,3
23.4 23,3
3.6 23,3
23,7 73,5
23.§ 3.6
24,0 23,8
2,2 23,9
24,3 4,1
24,3 2%,!
24,3 24,1
24,3 24,7

TABLE B-4

DIGITAL QUTPUT FOR CHANNELS 29 THROUGH 38 -- TEST b7
{REFER TO TABLE A-1 FOR CHANNEL DESCRIPTIONS)

[h54 32 Inst 33 Dast 34 DASE 35 DaSE 35
DEG € LEG € BEG € BEG C DEG C
2390 .3 23,9 2346 23.9
A TH 233 2349 23.6 259
231 23,3 23,9 23,4 23.9
23,1 23.3 8 2346 239
EETH 23,3 3.8 25:6 23.8
231 23,3 3.7 PATY 3.9
N 2546 2.7 25,8 32:6
234 ~ 24,9 49.7 25.1 33.2
23,1 24,9 43.9 25,0 343
231 24,8 39.6 23,2 3.4
23,2 24,7 36,4 25,2 30,6
23.2% 2407 34,2 2543 27,9
23.2 24, 3246 25.3 205
232 o8 3l 5.3 29,0
232 4.9 30.9 25,4 23.8
2342 24.9 30.4 34 28.46
23+3 250 29,9 S 283
23,3 23,0 292 25.6 28,1
23.3 25,4 28,7 o7 27,9
233 251 28,1 257 27.7
23,3 25.0 27.8 2857 2747
23,4 251 277 25,7 274
3.4 25,1 27.4 25.8 27.4
23,4 25,1 27,4 25.8 274
23.4 25.1 27.6 25.8 274
234 AT &7 25,8 2744
236 252 J27.4 25,9 27,4
3.7 253 27,9 2641 27,7
23.9 25.4 2841 26.3 8.3
23.9 236 7.9 2644 28,2
240 256 274 heli 27,5
2841 29.7 2644 b 263
24.1 257 2641 26,7 26,3
24,2 25.8 25,9 6.7 2601

B-6

nASE 37 [hst %

M6 L 65 ©
2341 24,1
23,1 X
731 24,0
23 24,4
731 22,1
73 74,1
23,7 35,8
24,2 35,8
24,4 34,2
24.¢ 337
24,7 32.3
24,7 25
24,7 3.6
24,9 342
24,8 3046
4,5 A0
24,9 3041
4,0 29,7
24,9 29,4
25,1 29,2
25,0 28,9
25,1 m7
25,1 23.5
2545 284
25.1 26,4
251 28,2
25,2 9
251 27,7
253 27,4
254 274
256 27,7
2506 27
25,7 7.8
25,7




TIME
SECONDS

IASE 39
IEG C

TARLE B-5

DIGITAL GUTPUT FOR CHANNELS 3% THROUGH 47 -- TeET b7
{REFER TO TABLE A-1 FOR CHANNEL BESCRIPTIONS)

DASE 41
Igs €

27,7
Ky
746
27,7

L& 2
YT

82,0
61,2
36.8

992

52,8
50.8
4B.4
47,2
-44,3

43.1

202
41,1
39.7

39.¢

38,1
36,9
[ { -]
Je s

356

350
33,2
320
3145
3.2

G Gl
Te o e 22
- -
Lo g Gl

DASH 42 DASH 43 [ASH 44 DASE 47

DEG € IE6 C IEG € IEG €
28,2 . 27 274 2,4
28,7 N 22,4 23,
281 1,7 27,4 22,4
28,2 22,7 2.4 24
78,1 ng. 22,4 22,
23,2 27 N 22,4
86,5 22, 22,4 22,4
82,9 2.9 2,4 22,8
58.8 23,1 22, 22,8
56,4 3.1 2.7 22,7
51,8 23,2 22,7 22,5
49,4 23,2 22, 2.6
48,0 23,2 Co27 22,6
45, 73,3 22,7 22,7
43,4 23,3 22,7 22,7
42,3 23,3 2.7 2,7
41,8 23,3 0.7 2.7
40,3 . 23,3 2.4 22,6
J?o‘i 230& 2:07 2:’...
38,5 23.3 2.4 22,7
37,5 23,3 22,4 2,7
36,8 2344 22,7 27
36,2 23,4 22,7 2,7
36,1 23,4 22,7 2.7
35.¢ 23,5 22,7 20,7
33,4 23,7 22,7 122,8
32,8 23.8 2.7 22,9
31,7 23.9. 22,3 3.0
3. 24,1 2.8 23,6
3.5 74,1 2% 23,0
3.7 2,6 22,8 22,9
31,7 73,9 27,3 22,9
3.8 23.9 n.4 22,9

B-7

DASE 4¢
g6 C

<+

ot g e Pt e
> s
O ™~ OO Y N0

[ R I S ]

-

+

— et b ek
+
(- SERN I -~ a AR A |

% W T % Y (% B A
+

)
—
o~

Zl4é

5% @7

s C

238

T
P Y

2346
23,6
234

23,7
24,5
6.4
26.3

ar o
JERurY




TIHE

SECONTS

AT

BAcE 48
G C

20,6
20,7
27
2047
20,7

2006

ny 9
Ve f

20,7
2.7
20.7

20,7
20,7
20,8
20.8

+

I
<>
s ]

]
<>
-

R B < B e

-

-

[ T SN O I ]
< SO
-

-

20.8
20,6
20.8

20,9

20.8

20,8
20,9
20.%
9

20,7

D
211
20,8
20,9

[ASE 4%
BEG C

TRELE B-b

DIGITAL OUTPUT FCR CHANNELS 48 THROUGH 95 -- TEST AW/
{KEFER T0 TABLE A-1 FOR CHANNEL LESCRIFTIONS)

[ASE 30

dgh b

-
<>

-

-
e Gl Pa

3 3 a3 P

U el Gl Gnd Ond
-

]
-

3.4
23.6
256
2346
23,7

23.7
3.7
23.8
23.8
23,8

23.8
23.9
3.9
23,9
23.9

24,6
24,1
24,3
2444

26,4

247
4.8
4.8

2,9

&

insE 51 DASE 32 DASE 53 DASE 4

36 ¢ IEG C- TEG L DEG €
2.9 24 b 20,7
2,5 22,1 2.7 2.8
32,9 22,1 22,6 20,8
2,9 22,1 2.7 20,7
7,9 2.1 12,7 20,8
22,9 27,1 23,7 20,8
13,2 27,1 2,7 20,8
3.8 i 2.7 20,7
23,1 22, 22,7 20,8
23,1 2. 22,7 20,9
23,1 2, 2.7 209
33,2 2.1 2.7 20,9
23,2 2, 22, 0.9
3,3 2 22,7 20,7
23,3 271 7 20,3
3,3 2.1 2.7 20,8
23,3 2.1 22,7 20,9
73,4 2.1 7.7 20,8
73,4 2.1 22,7 20,8
73,4 2.1 22,7 2.9
23,4 w1 27 20,8
23,4 22,2 2.8 20,8
23,5 2241 22,8 20,8
23,5 2.1 27 20,9
73,5 2, 22, 21,1
23,6 2.1 22,8 20,9
73,7 2.2 7, 20,9
23,8 2,2 2.8 2401

5.9 32 2, 1.2
24,1 22,3 22,9 1.3
24,2 ", 2.9 211
24,3 2.3 el
24,3 2.3 9 1.3
4,3 2,2 72,9 .1

B-8

DASE 55
BEG

19.9
2040
19,9
20,0
19.9

19.7
20l
19,9
19.9
208

20,1
19.9
i7.9
19,7
9.9

2040
20,0
20,6
20,1
0.1

20,1
2041
2040
201




TINE

'44:;
‘309
”3»0
'202

"14.»4

SECONES

DasE &7
MG L

19.8
19,2
19.8
19,9
19,9

19.9
19,9
20,1
19,9
19.9

a5 56
LEG L

-

-

LRSI W T O ]
el T) L) Crd Bed
-

JE SR 1 TR - S - O -

-

~
(2]
-

(5 ]

KA TH]
236
23,7
23.8

23,8
23,5
24,0
2,1
24,2

28,7
2403
2403
4.4
24,5
24,

2446
248
24,7

24,7

248
25,1
2,2
25,4
25,7

25.8
25,9
2641

)
262

11617

[ASE &9
HEG £

3.5
23475
23,5
234é
3.0

23.4
3.4
24,2
24,3
24,3

24,4
U.4

24,5

PL I

24,7

3 I
-

-

t
-
Qi QA

r3 3 ro
[ -
< -
—-—

-

-
[ PN OB T R R

[ B O TR I N |
N LN Ly L oen
-

-

TABLE B-7

i 2R
PED L

23,4
5.2
23.3
2344
23.4

23,4
4.7
28.7
3.2
30.1

28.9
7.7

26,7

26.9
.0

Py
2646
26.8
26,1

262

26,2
2640
26.1
26,0

26,1

261
262
2647

2.7

25,4
2547

c r
2Jod

2344

B-9

2RI PO D B
R T R B o S -
-

e G- N

A5 62
DEG T

2346

37
et

23,4
3.4
23,4

@ oeirg k3 ea
S h G
P -
N e ke o

-

26,8
26,0

25,8

257

fin5¢ 63

71 !
WY L

[0 T T O T o I )

Lol ford Cd Lnd ot
- - - =

o N Oy Sy O3

-

-

-

-

od W 3D D
[l I = ') RV
O e WY 00

R
o 0
YRR |

26,9

7.2

27.4
7.7
7.7

79
Jra

26,3
2649
ac 9

LR,

AL QUTPUT FOR CHANNEL% 57 TAROUGH &6 -- TEST iF7
{REFER TO TAKLE A-1 FOR CHANNEL DESCRIPTIONS)

[iRsH 64
IEG C

[\ ]
~J
-

)

~a
L]

[ SR S ]
SN SN

- ® o« -
e 3 S Ol Fnd

-

N
. - -
[O% IS = BN N 3

(R X

™~
QO QO .
——

-

[ O% ]
~4
-
o

26:6
26.4
26,12

[ASE 42
TEg €

4 Ll O G Od
R R A

A PO PRI T

3
o
wn

s

3343
233
23,

autty

236

2348
5.7
3.8
23,9
24,1

24,2
24,8
24,2

24,2

[iASE §¢
G C

|
[#3)
~
a

&

Tt

-

[ R T N N O T

wed Kl Vel A
- &

o O e

3.9
23,9
23,9
23,9




TIHF

SECONDS

-4.7
'309
'3'0
'202

t 3
it

043
53
1l
290
2.8

3

d L] P B3 e

O ma O e O owa
- + & * = <
[V Y

—_

.
Eﬂ b b
L

[y ]
o~
-~

- - -

e IS T 6 S O 0 ]
-

wl G Ln) G O

-
r3 P D e PRI

- -
e e T3P PD

[ 0 T G O T ]
-

[ VRN Ry P Sy ]

- -

- -

[T O B o T o R % )
-

O Gl LAl Cd B2
L S S e

- -

-~ - -
[ SN PRI Y e

[0 T o B 6 Y N % )
-

G G} G O N
-

[
[#%)
~ o

A5 48
6 L

37,4

ot

2206

=
okt

,
224

2246

246
226
2247
22,8
22,8

2.8

o
22&?

22,9
22,9

2.9

22,9
23,0
2340
23,0

[\
(78]
-

[=]

-

Ty O

-
[T

[0 S T N T B

wl G O G
-

2341
3.2
23,3
3.4

23,3

2345
2344
23.4
23.4

TRELE B-3

BIGETAL OUTPUT FOR CHANNELS &7 THROUGH &0 -- TEST AW/
{REFER 7O TABLE A-1 FOR CHANNEL DESCRIFTIONS)

DASE 49 TASE 70 DASE 71 DASE 77 DASE 73
IES € TG C UEG C 1EG C TEG C
21,9 24,1 1,7 23,2 202
2.9 24,1 n.7 2,2 20,3
2.9 24,1 .7 23,2 20,3
2.9 24,7 M,7 71,2 2.3
21,9 24,1 2147 23,2 20,3
21,9 24,2 1.7 23,2 20,3
2.9 5.7 M7 23 2043
21,9 30,2 o 24,9 20,3
1.9 30,9 1.7 25,1 20,3
2,9 b 2.7 2540 20,4
2.9 314 21, 24,8 20,3
21,9 30,0 2.7 24,8 2.3
21,9 29,2 T 24,8 20,4
22,0 2.7 21,7 24.8 20,3
2200 2806 2107 '2408 2004
22,0 28,4 .7 24,9 20,4
2.9 28,2 1,7 25,0 0.4
22,0 7.4 21,7 5.0 20,4
2,0 7.3 2.7 | 20,4
22,0 7.1 21,7 25,2 20,4
2.0 27,0 2.7 25,3 20,4
2.9 27,0 2.7 25,4 20,5
22,0 7.1 21,7 25.5 20,4
2.4 7.2 2.7 5.6 20,4
2.1 27,2 21.8 25,7 20,4
2.1 27,3 21,8 25,8 20.4
2.4 7.4 71,8 2602 20,5
2.1 27,7 1.9 24,4 20,5
2,2 73,2 21,9 28,7 20,4
2.2 2.1 21,9 2.7 20,4
2.2 27,4 21,9 2642 2.4
22,3 2.9 1.9 25,4 2.7
2.3 25,5 1.3 24,9 2.7
22,1 26,3 2.9 2.4 0.7

DASE 79

234
23,4
23,5
23,3

55 €
PETH]

23,32
24,1
24,8
250

-3
=
-

e

-

-

[0 T A T B S
-

LG T AL S B R
- -
el Ted B P

]
n
i

¥
st

D53 X
IS L

2440
N
4.1
24,0
2.0

40
28,7
4508
41,2

- oo
YY)

33,9

73,0
bl

3
29,4
30.1

29.4
29,2
26,9
28,6
28,1

=t
2/DJ

s ]
AR

27,3
Y
7.3

9
-t

27,7

Ag a
B

286

AT

v
3744
2648
26,8

ELR




TIMe

-4,7
'3»?
-39
'202

“2»4

'005
0.3
1.i
24

2.8

3.4
4,7
5.3
6'1
70

SECONDS

DaSE 81
IEG C

[ ]
o
-

[ ORI S I 6 R )
s B BN )

-
R A P I B

-

-

-

[N R SN )
00 O OO ~4
[ PR - S NN « =

-

IASE 82
M6 C

P SRR IR
<
e GO P ee

[ T W T O B SR ]

TABLE B-9

DIGITAL GUTFUT FOR CHANNELS Gl THROUGH 89 -- T&sT ab7
{KEFER 70 TABLE A-1 FOR CHANNEL DESCRIPTIONS)
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TABLE E-10

DIGITAL OUTPUT FOR CHANNELS 90 THROUGH 101 -- TEST A7
{REFER TO TABLE A-1 FOR CHANNEL DESCRIPTIONS)

TIKE [IASE 29 IAst 91 A5 92 -DASE 72 DAaSE 97 DAGE 92 DASE 99 DASE 100 - DASE 91

SECONTS IEG € TEG C TiEG £ UEG L DEG C IEG € BEb C BEG C NEG T
-4,7 234 23,7 3.7 23,3 527.8 241.0 24,2 22,8 Y
-1,8 23,7 2347 237 23,3 328.1 239.4 24,2 2249 N7
-39 23,7 23.7 23.7 3.8 528.3 2417 24,2 22 3.7
-2 237 23,7 237 2348 328,35 280,7 24,3 224 27
-14 1347 23,7 23.7 23.8 52847 239.4 24,2 . 22,8 23.7
-0:3 3.7 3.7 23¢7 23,8 32849 240.7 . 24,2 226 2h7
0.3 2347 24,0 23.8 23.9 531.2 2912 24,2 2346 24.4
1.l 24.2 28,9 0 24,4 329.3 328,46 24,2 233 269
20 24,5 25,2 24,2 24,4 52843 389.1 24,2 251 2744
2.8 248 23,3 4.3 24,7 G247 359.2 242 248 273
3.4 24,9 25,4 24.4 24,9 3156 630.1 4,2 24,4 27,
4,5 231 25.4 24,5 25,0 3072 - 630, 4.2 24,0 N
5.3 25,2 257 4.8 25,2 49%,1- 608.1 24,2 23.8 28,2
L 2545 26,1 25 293 491.9 668,97 24,2 2346 1.4
74 262 26.8 254 25:6 435.7 690.8 242 23,7 286
7.8 2646 271 25,7 25.7 479.3 678.3 24,2 23,5 292
Y 26:8 2741 25,38 25:7 473,9 681.9 24,2 23.7 281
9.5 2646 27,0 25.8 25.7 468,3 087.4 24,2 237 276
10,3 2646 26,9 25.8 25.8 463,90 700.0 24,2 3.7 27,8
1.1 26:6 269 25,9 .28 457.8 709.4 24,2 23,7 203
1% 266 26,9 25, 5.8 452,7 7224 24,2 24,2 28,7
12,8 2606 26,9 N A 25.9 447,7 73346 24,2 24,3 23
i34 26,8 2741 261 26,1 482,7 741.6 24,2 24,6 29,7
14,5 26,8 24 2642 26,12 4377 749.1 24,2 24,8 Ky
153 25,9 272 LB 26,3 432.9 75946 24,2 200 30.4
16.1 741 27,4 264 2644 428,3 802.0 24,2 251 20,7
211 7 8.0 6.9 26,9 401.9 809.2 24,2 25:4 3.8
2641 281 284 27,3 27.4 378.1 -5573.3 4.2 25,9 k3 Y.
3t 28.4 29.0 7.7 2.8 336,3 724,7 24,2 26,1 3.3
361 28.8 28,9 27.8 27,9 138.8 622:4 2.1 25,8 9.4
L399} 8.5 28,5 20,4 7.4 3192 4516 24,1 ERIS ] - 218
46,1 27,8 2746 7.1 26,9 303.4 3851 24,1 243 2hea
Gl a2 26,9 6.5 76,3 289,90 347.4 2441 24,2 23,9
3l 267 26,9 2641 25,9 2734 312 241 24,2 25,4




ThBLE B-11

BIGITAL OUTPUT FOR CHANNELS 102 THROUGH 1i¢ -- TEST ih?
IREFER TR TABLE A-1 FOR CHANNEL DESCKIPTIONS)

TIME [ASE 162 [rSE 102 k53 104 [A5E 105 [hot 113 nASE 141 pASE 159 [RSE 163 [Ash i8¢
SECONDS IEG L IEG € IE5 © HiSH IS5 C 502 102 Kb KFall
-4,7 AT 2.7 374.2 13833 3914 20,7 200 118.3 134.6
3,9 2.7 2.7 873.% 138.4 91,2 2.7 A0 118.3 104.8
-5h 2.7 22,7 373.9 138.5 91,3 2047 200 1183 153
=22 a7 22, 873.9 139.6 a9l 20,7 210 . 118.4 832
Cmde A 2247 2.7 873.9 139.9 591.0 20,7 200 &3 i85
3 22,7 2247 873.8 13%.2 91l 2007 210 118.4 PR
0.3 22,9 23.3 873.3 138.9 91,2 20.7 21,0 122.6 149.2
1.1 22,9 251 873.8 139.3 9.1 20,7 21,0 2. 136.7
240 239 24,7 873.7 1393 90,9 20,6 21,0 121,2 11742
2.8 23,0 24,2 873.8 139.2 .2 20:6 21,0 12044 1109
34 N1 23,7 873,46 139.3 3913 20.6 240 1201 1092
4.5 23.1 233 873, 139.2 i 20,6 210 119.8 167.8
33 233 23,3 873.7 - 13946 90,9 20,6 2.0 15,7 10641
bl 23,5 23,5 873.7 139.6 90,5 2046 2140 119.¢6 1642
79 4,2 23.6 873.3 42,3 590.8 2046 21,0 115.6 102.4
7.8 25,2 235 873.0 141,9 390, 0 206 21,0 1196 10061
3 2.7 23,4 872.9 “141,9 99043 2046 240 115.4 98.3
9.5 28,7 PATL 872.7 141,3 990.0 203 18,0 177 98
13 24,7 234 372.2 133,5 38%.7 - 2046 i 11%.3 75:2
i 24,8 25ié §71.1 156,0 - 3893 20:5 20.3 1i7.4 Rk
100 24,9 23.7 70,2 135.4 589.2 20.6 20.9 119.4 1.9
2 23,0 23,8 869.1 135.3 368.9 20,4 20,9 1178 80,3
13,4 25,0 23,9 368.1 156.2 58,7 20, 20,9 1195 38,6
14,5 250 24,1 867.9 136,2 5884 20446 20,9 - 15 B2
03 25,1 24,2 R67.9 156,5 588.4 20,5 2.9 11%.7 B33
1641 252 24,2 867.8 136,2 87,4 20,5 20,9 119.8 a%7
201 25.4 24,4 846.3 1551 u86.4 0.4 20,8 120:3 74.1
26,1 23,7 8.8 . 8674 1533.5 84,9 2003 20.8 120.8 £5.9
318 .9 AL T A 871.9 153.9 83,5 20,2 20,7 121.3 8.4
361 249 24,8 874,2 1334 82,1 20,2 2046 1217 51,2
AL 25.8 24,4 877.9 133,86 580.6 20,0 2045 121.8 46,7
' 2544 24,1 - 882.¢4 112.4 379.2 20,1 20,5 1216 42,2
5301 2544 3.9 877.0 101.4 577.8 20.1 20,0 12103 37.8
Gl 252 23,9 863.1 74,2 976.2 20,1 20,4 121,4 KRN
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TARLE B-12

- DIGITAL QUTPUT FOR CHANNELS [of THROUGH 179 -- TEST AL7
(REFER T3 TABLZ A-1 FUR CHANNEL DESCRIPTIONG;
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APPENDIX C

TEMPERATURE AND PRESSURE DATA

Table C-1 presents the mean containment temperature, mean containment vessel
steel temperature, containment pressure, factor for converting standard

volume to volume at containment conditions, and the temperature gradients at
the vertical wall and ceiling, all as a function of time from -5.52 minutes

to 1170 minutes.
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TEMPERATURE &Nl PRESSURE DATa FOR TEST ARY

FACTOR
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-3, 85 23,9 113,3 1.074 22,8 Deda 1.8
~3,02 23.9 118.3  1.074 22,4 0.6 1.8
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TABLE C-1 (Cont'd)

TEMPFERATURE AND FRESSURE DaTa FOR TEST ARV

FACTOR
S0 AUL TV SOTENT
nYOATMOSE OV T STEEL oo OH
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APPENDIX D

CASCADE IMPACTOR DATA

Data for individual cascade impactor measurements and the calculational
procedures used to extract size data from the stage deposits are presented
in this appendix. The collection characteristics of each impactor stage
were assumed to be controlled by the dimensionless impaction parameter:

2
LA Py

where:

Impaction parameter (dimensionless)

Gas velocity (cm/s)

Particle density (g/cm3)

Particle diameter (cm)

Gas‘viscosity (g/cm s)

Impactor jet diameter (cm)
Cunninghamﬁslip factor (dimensionless)

O o ™ T < <«
i

At the point of the impaction curve where 50% of the particles are
collected, the impaction parameter ¢ takes the value Yo The 50%

size is:
. 18m Dcgp ) 0.5 | (0-2)
50 : uC
where:
d50 = Particle diameter at the 50% point on efficiency vs size
curve
sg = Impaction parameter for the jet at the 50% efficiency point
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Equation'b-z was used to determine d50 values at flow conditions different
from those to calibrate the impactor; it can also be used to relate the d50
to the value under calibration conditions. If C is assumed to be constant,

then d50 can be expressed as:

u ‘ Qref 0.5
den = (depy) X ) (D-3)
50 50 ‘ref T Q
where:

d50 = Aerodynamic diameter at sampling conditions

u = Viscosity of gas at sampling conditions _

Q = Gas flow rate at sampling conditions
ref = Subscript indicating value of parameter under calibration or

reference conditions
Cascade impactors of two designs (Andersen Mark III Circular jet impactor* ¢
and Sierra rectangular jet impactor**) were used for particle size
analysis. Stage cut-size diameters used to interpret data obtained from the
circular jet impaétor are recommended by .the manufacturer(D']) and listed
in Table D-1. These.values are in good agreement with calibrations reported

by Cushing et a1.(0-2)

Stage cut-off diameters for the rectangular jet impactor are listed in

Table D-2 and the data were obtained from the work of Cusing et a].(D'Z)
Cut diameters listed in Tables D-1 and D-2 were adjusted for sampling

conditions using Equation D-3.

Particle size distributions were constructed from cascade impactor data
using the cut-off diameter approach described by Mercer.(D'3) Table D-3
presents an example of the calculation method.

*Manufactured*by'Andersen 2000, Inc., Atlanta, GA.
**Model 226, Stack Sampler, Manufactured by Sierra Instrument Co., Inc.,

Carmel Valley, CA.
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TABLE D-1

STAGE CUT DIAMETERS FOR CIRCULAR JET
IMPACTOR USED IN AIR CLEANING TESTS

d *
Stage 50

No. um)

0 13.2

1 8.3
2 5.64

3 3.8
4 2.45
5 1.25
6 0.77
7 0.52

*Size of unit density spheres removed with 50%
efficiency at 21°C, 1 atm pressure, and 0.50-ACFM
flow rate.

TABLE D-2
STAGE CUT DIAMETERS FOR RECTANGULAR JET
IMPACTOR USED IN AIR CLEANING TESTS

Stage 50
No. (um)

~nN
o)1
o

*Size of unit density spheres removed with 50%
efficiency at 28°C, 29.5 mm Hg pressure, and
0.25-ACFM flow rate.
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TABLE -3
EXAMPLE TREATMENT OF CASCADE IMPACTOR DATA

Fraction(c)
Stage Nal Mass  Mass Cumulative  Less Than dsylc)
No.(a) (mg)(b§ Fraction Fraction . Cut Size (um)
1 U.0025 0.0036 0.0030 - U.990 18.21
2 0.0018 0.0026 0.00062 U.994 11.13
3 0.Ul8b 0.0269 0.0331 U.967 4.45
4 U.070Y 0.1027 0.1358 0.3804 2.68
5 0.1le51 0.2392 U0.3750 0.025 1.72
b 0.2870 0.4158 0.7908 0.209 0.90
BU Filter 0.1443 0.2091 1.000 -—- ———
Total 0.6902 1,000

(a) Sample No. AB-7 T3-I4, taken at time 1745 s, with a Sierra 22o
impactor, 0.123 actual liter/s.

(b) Net mass after correction for background on stage collection
papers.

(c) These two columns are plotted in Figure 4-5.

The stage accumulations of sodium were obtained by washing each stage
collection paper with water and analyzing the water by flame emmision
spectrometry. Losses to the interstage impactor walls were ignored. The
inlet walls were washed and analyzed for sodium, and the recovered sodium was
assumed to be associated with aerosol particles Tlarger than the first-stage
cut-off diameter. \

The particle size distribution was obtained by plotting the two right-hand
columns in Table D-3 on log-probability paper as shown in Figure 4-5. The
aerodynamic mass median diameter and geometric standard deviation can be
obtained from the line drawn through the data points. The geometric standard
deviation was obtained from:
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Particle Diameter at 84.13% g
= (D-4)

ag

9 Particle Diameter at 50%

Mass distributions of sodium found on the cascade impactor stages are
presented in Tables D-4 through D-31 for Test AB7.

REFERENCES FOR APPENDIX D

D-1 Operating Manual for Andersen 2000, Inc., Mark III and Mark III
Particle Size Samplers, TR 76-900023, Andersen 2000 Inc., AtTanta, GA,

January 1976.

D-2 K. M, Cushing et al., Particle Sizing Techniques for Control Device
Evaluation: Cascade Impactor Calibrations, EPA-600/2-76-280, Southern
Research Institute, Birmingham, AL, October 1876.

D-3 T. T. Mercer, "The Interpretation of Cascade Impactor Data," Industrial
Hygiene Journal 26, pp. 236-241, 1965.
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Table D-4
CASCADE- IMPACTOR DATA -- SAMPLE AB/-T3-12

Type: Andersen III Time: .13 Minutes
Stage paper background: 0.0056 mg Na, 0.0037 mg Nal
Filter paper background: 0.0120 mg Na, . 0.UU003 mg Nal

Aerodynamic Ratio: Fraction Less
Stage  Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
No. (um) NaOH Nal - (NaOH + Nal) NaOH Nal
Inlet  ----- U.0plu  0.0u2¢ u.035 _— ——
1 13.5 0.0290 . 0.0040 0.137 0.985  0.9Y0/
2 8.48 0.U904  0.0029 0.031 U.971 0.904
3 5.76 0.0898  0.0048 0.051 0.957 0.931
4 3.83 0.4u94 u.0000 0.0000 0.892 0.931
5 2.50 1.635 0.0015 0.001 0.633  0.924
6 1.28 2.973 0.028Y 0.010 0.lol 0.788
7 0.79 0.9197  0.0882 0.088 0.0l 0.371
8 J.53 0.U777 0.0503 0.393 0.003 0.134
Filter -— 0.0203 0.0284 0.583 0.000  0.000
Total 6.305 0.2118 0.032
Table D-5
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-13
Type: Sierra 226 ’ Time: 2l1.1 Minutes

Stage paper background: 0.0077 mg Na, 0.Uu24 mg Nal
Filter paper background: 0U.286 mg Na, 0.U0005 mg Nal .

.Aerodynamic . Ratio: Fraction Less
Stage  Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
No. (um) NavH Nal - (NaOH + Nal) NaOH Nal
Inlet -——- U.000u 0.0034 1.00u0 ——— -
1 18.1 0.0120  0.0020 0.143 0.99y8 0.982
2. 11.1 0.0417 0.0004 0.010 0.98Y 0.981
3 . 4.43 0.3i46 - 0.0024 0.008 0.927 0.973
4 . 2.67 1.i004  0.0034 J.0u3 U.707  0.962
5. 1.71 2.4690  0.0420 0.017 U.220 0.824
b 0.950 0.8¢97 0.0908 0.U99 0.05% 0.525
Filter -—— U.2520  0.1596 0.3388 0.000 0.000
Total 5.0200  0.3040 0.057
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Table D-o
CASCADE IMPACTOR DATA ~ SAMPLE AB7-T3-14

Type: Sierra 226 Time: . 29 Minutes
Stage paper background: J.0077 mg Na, 0.0024 mg Nal
Filter paper background: 0.280 mg Na, 0.0uUb5 mg Nal

Aerodynamic Ratio: Fraction Less

Stage  Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
NO. (um) NaOH Nal (NaOH + Nal) NaOH Nal
Inlet  ----- 0.0000  0.0015 1.000 ——— ——

1 18.1 0.0123  0.0010 0.079 0.998  0.99

Z 1.1 0.0800  0.0018 0.020 0.981 0.994

3 4.45 0.5443  0.0lsb 0.033 U.879  0.907

4 2.08 l.o79 0.0709 U.040 U.963 0.804

5 1.72 2.0538 O.lo51 0.074 0.176 - 0.0625

6 U.901 0.7435 0.287V 0.278 U.037  0.209
Filter -——— 0.1941 0.1443 0.420 0.000 0.000
Total 5.3175  0.6902 0.11%

Table D-7
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-I5

Type: Sierra 226 : Time: 37.4 Minutes

Stage paper background: 0.0077 mg Na,  0.0024 mg Nal
Filter paper background: 0.286 mg Na, 0.0005 mg Nal

Aerodynamic Ratio: Fraction Less
Stage Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
No. (um) NaOH Nal (NaOH + NaI) NaOH Nal
Inlet -—~—- U.0000  0.0058 1.0000 ~——-- -—--
1 18.3 0.0485 0.0071 0.128 0.996  0.997
2 1.2 J.3112 0.Uloe 0.048 0.972  0.993
3 4.40 1.494 0.1078 -0.007 0.85%  0.909
4 2.07 4,401 1.1953 0.214 0.513 0O.o%0
5 L.72 5.003 1.2591 0.¢01 0.124  0.409
6 0.904 1.314 1.1348 0.403 0.02L  0O.lsl
Filter  ---- 0.2759 - 0.0022 0.706 0.00u  0.000
Total 12.8475  4.3877 U.2540
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Table D-38
CASCADE IMPACTOR DATA - SAMPLE AB/-T3-Ib

Type: Sierra 220 Time: - 50.6 Minutes
Stage paper background: 0.0077 mg Na, 0.0024 mg Nal
Filter paper background: U.2800 mg Na, - 0.0UU5 mg Nal

Aerodynamic Ratio: Fraction Less
Stage  Cut Diam. Net Mass {(mg) Nal/ Tnan Cut Diam.
No. (um) NaOH Nal (NaOH + Nal) NaOH Nal
Inlet  -—---- 0.0526.  0.0177 0.25¢ ——— ———
1 13.1 0.4106 . 0.049%4 0.107 “0.970 0.98y
2 1.1 0.4830 - U.0422 0.080 0.951  0.982
3 4.45 3.442 0.5297 - 0.133 0.773  0.8Y5
4 2.08 0.207 1.3280 0.177 0.452 0.077
5 1.72 6.063 2.1336 0.260 0.139  0.320
6 0.901 1.896 1.4983 U.442 0.041  0.079
Filter -——— 0.792 0.4840 0.379 0.000 0.000
Total 19.3456 6.0840 - 0.239
Table D=9
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-17
Type: Sierra 226 ' Time: 64 Minutes
Stage paper background: 0.0077 mg Na, 0.0024 mg Nal
Filter paper background: U.280 mg Na, 0.00U5 mg ‘Nal
Aerodynamic Ratio: Fraction Less
Stage” (Cut Diam. - Net Mass (myg)- Nal/ Than Cut Diam.
No. - (um) NaOH Nal (NaOH + Nal)- NaOH Nal
Inlet  ----- 0.0194  0.0s48 0.814 -—- _—
I 12.0 0.4i72  0.0503 0.108 0.983  0.984
2 7.71 l.06lo  0.2304 U.125 0.920 0.9
3 3.09 10.945  2.729Y 0.200 0.501 0O.e3l
4 1.806 ¥.560 3.0902 U.244 0.130  0.202
5 1.19 2.2960 - 1.6030 0.411 0.048 0.071
b 0.600b U.587 0.4897 0.455 0.025 0.013
Filter  ---- 0.661 0.1092 0.142 0.000 0.000
Total 26.149 8.394 - 0.243
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Table D-10
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-1I8

Type: Sierra 226 Time: 73 Minutes
Stage paper background: U.0077 mg Na, 0.0024 mg Nal
Filter paper background: U.280 mg Na, 0.0005 mg Nal

Aerodynamic Ratio: . Fraction Less
Stage  Cut Diam. Net Mass (mg) - NaI/ Than Cut Diam.
NG. (um) NaOH Nal (NaOH + Nal) NaoOH Nal
Inlet  -—---- - 0.08lo  0.0l80 0.186 -— ————
1 17.9 0.7254  0.0950 0.llo 0.958 0.980
2 11.0 2.073 0.4455 0.143 0.820  0.901
3 4,39 7.653 1.734 0.185 0.423  0.593
4 Z.64 5.954 2.026 0.254 0.115  0.233
5 1.09 1.403 0.829 0.371 0.042 0.085
) 0.947 0.4055 . 0.2511 0.382 U.022  0.u41
Filter -— 0.4155 0.2309 0.3%7 0.000  0.0UVL
Total 19.3158  5.6296 0.226
Table D-il
CASCADE IMPACTOR DATA - SAMPLE AB7 - T3 - 1Y
Type: Sierra 226 Time: 85.5 Minutes
Stage paper background: 0.0077 mg Na, 0.0024 mg Nal
Filter paper background: U.Z280 mg Na, U.0005 mg Nal
Aerodynamic Ratio: Fraction Less
Stage Cut Diam. Net Mass (mg) ~ Nal/ Than Cut Diam.
No. (pm) NaOH Nal (NaOH + Nal) NaOH = Nal
Inlet  ----- 0.3118  0.00655 0.174 - ——
1 10.6 0.5108 0.0932 0.154 0.980 0.987
2 10.1 1.9438  0.4050 0.172 0.933  0.953
3 4,05 16.5677 3.650 U.180 0.531 U.o046
4 2.44 16.3243 4.584 0.219 0.134  0.200
5 1.57 3.9136 1.870 0.323 0.039 0.103
b 0.875 0.9015  0.829 U.479 0.017 0.033
Filter ---- U.06783  0.3953 0.308 0.000  0.00J
Total 41.1488 11.8925 0.224




Table D-12

CASCADE IMPACTOR DATA - SAMPLE AB7-T3-110

Type: Sierra 220
Stage paper background: 0.0077 mg Na,
Filter paper background: 0.280 mg Na,

Time: 103 Minutes
0.0024 mg Nal
0.0005 mg Nal

Aerodynamic Ratio: Fraction Less
Stage  Cut Diam. Net Mass (mg) Nal/ Than Cut Diam
No. (um) NaOH Nal (NaOH + Nal) NaOH Nal
Inlet  ----- U.b505  J.131U U.los —— ———
1 16.0 1.2207 0.2483 0.108 0.908 U.983
b4 10.1 3.1p52  0.86i1l 0.214 0.914 0.962
3 4,05 30.1211 15.5i5% 0.340 0.399y  U.49>
4 - 2.44 17.3530 12.4079 0.417 0.i02  0.120
) 1.56 4,5016  2.543b 0.358 0.024 UL.UV44
0 0.875 0.9483 1.1079 0.539 0.008 0.010
Filter -———- 0.4865 0.3403 0.41p6 0.000  0.0V0
Total 58.5129 33.16l1 0.362
Table D-i3
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-I1l
Type: Andersen III Time: 170 Minutes
Stage paper background: 0.0U56 mg Na, 0.0037 mg Nal
Filter paper background: 0.0120 mg Na, 0.0003 mg Nal
Aerodynamic Ratio: Fraction Less
Stage Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
No. (nm) NaOH Nal (NaOH + NaI) NaOH Nal
Inlet  ----- U.6975  0.i6vY 0.191 ——-- ——--
1 13.6 1.258 0.2765 0.180 0.970 v.Y83
2 8.9%0 4.942 1.0478 U.250 0.395 . 0.927
3 5.82 14,090 4.620 0.247 0.679 0.7438
4 3.9¢ 1o.572 ©b.294 0.275 U.425 0.512
5 2.53 17.227 7.749 0.310 g.162 0.224
o 1.29 Y.593 4,815 0.334 J.0lo  0.040
7 0.794 1.017 - 1.003 0.496 0.000 U.003
8 0.536 0.0093  0.0925 0.849 0.00u  0.0V0
Filter ---- 0.0000 0.0145 1.000 0.000 0.00V
Total 65.40%6 2b.6428 0.28Y




Table

D-14

CASCADE IMPACTOR DATA - SAMPLE AB7-T3-1l6

Type:

Aerodynamic Ratio: Fraction Less
Stage  Cut Diam. Net Mass (mng) Nal/ Than Cut Diam
No. {(um) NaOH Nal (NaOH + Nal) NaOH Nal
Inlet -—- 0.000 0.0151 1.000 -— ~—-
1 13.6 0.000 0.0139 1.000 0 0.995
2 8.50 0.000 0.0140 1.000 0 U.993
3 5.82 0.0442 0.0391 0.470 0.984 0.986
4 3.92 0.2621 U.1154 0.306 0.892 0.960:
5 2.53 1.331 Z.0169 U.oUZ 0.423 0.621
o 1.29 1.198 2.7755 0.699 0.000 0.147
7 0.794 0.00u 0.7968 1.000 0.000 0.011
8 U.236 0.0000 0.0630 1.0u0 0.000  0.000
Filter ---- 0.0000  0.0000 -— 0.000  0.000
Total 2.3323 ° 5.850 0.673
Table D-15
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-117
Type: Andersen III Time: 1lo38 Minutes
Stage paper background: 0.0050 mg Na, 0.0037 mg Nal
Filter paper background: 0.U120 mg Na, 0.0003 mg Nal
Aerodynamic - Ratio: Fraction Less
Stage  Cut Diam. Net Mass (mg) Nal/ Than Cut Diam.
No. (um) NaOH Nal (NaOH + Nal) - NaOH Nal
Inlet -— 0.0000 0.0034 1.000 _—— -—
1 13.5 0.0000  0.0000 ——— 1.000 0.997
2 8.4Y 0.0105  0.0023 0.180 0.997  0.995
3 5.77 0.0442 0.0131 0.229 0.982  0.485
4 3.89 U.1995  0.0502 U.201 0.917 0.9406
5 Z2.51 1.209 0.3341 0.216 0.523  0.079
o 1.28 1.33 = 0.5776 U.302 0.087 0.225
7 u.787 J.2039 U.<Z7i8 0.507 0.001 0.01¢2
8 0.932 g.0025  0.ul42 U.348 J.0u00  0.u00
Filter ---- 0.0000  0.0053 1.0U0 0.000  0.00V
Total 3.0049  1.2770 0.293

Andersen [II
Stage paper background:
Filter paper background: U.0120 mg Na,

0.0U5%b mg Na,

Time: 1215 Minutes
0.0037 mg Nal
0.0003 mg Nal
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BLIND POST-TEST CODE PREDICTIONS SUBMITTED BY CODE USERS

E-1




APPENDIX E

BLIND POST-TEST CODE PREDICTIONS SUBMITTED BY CODE USERS

Blind post-test code predictions were sent to the test performer and to all
the other ABCOVE program participants prior to release of test results of
aerosol behavior. Copies of the tabular data submitted by each participant
are presented in Table E-1 through E-5 as follows:

Code
Table Case Code User
E-1 1 HAA-3C HEDL
E-2 2 HAA-4 RI/ESG
E-3 3 HAARM-3  HEDL
E-4 4 CONTAIN  SNL
E-5 5 QUICKM  BCL
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TABLE E-1

POST-TEST PREDICITION OF ABCOVE TEST AB7 BY HEDL/SSD USING HAA-3C

Particle Size(b) Total Aerosol

€-3

~N - B W

Time Susp. Conc. (g/m3) %%ML Leaked Mass (g) Settied Mass (g) Piated Mass (g) Remova} Rate
(s) ~ NaOH " Nal (pm) o NaOH Nal NaOH Nal NaOH Nal (s™)
0(2)(@) 3.3 0.0 5.4 (<1) 1.7 1.0(-1) 0.0 : 1.3 0.0 1.74(2) 0.0 1.64(-4)
9.0(2) 3.22 6.82(=2) 8.2 (-1) 1.64 1.97(;1) 1.02(-3) 3.59 2,65(e2) 2.72(2) 9.47(-1) 1.01(-4)
1.8(3) 2.99 2.65(-1) 2.92 2.44  4.72(-1) 1.59(-2) 4.22(1) 2.75(0) 4.28(2) 8.62 1.39(-4)
2.4(3) 2.15 3.07(-1) 5.15 ‘ 2.73  6.25{-1) 3.3 (-2) 7.26{2) 8.12{(1) 4.57(2) 1.18(1) 5.54(-4)
2.7(3) 1.82 2.59(;1) 6.03 2.59  6.84(-1) 4.14(-2) 1.0 (3) 1.21(2) 4.66(2) 1.31(1) 5.94(-4)
0(3) 1.51 2.15(-1) 6.72 2.08  7.33(<1)  4.84(-2) 1.26(3) 1.58(2) 4.72(2) 1.4 (1) 6.43(-4)
2(3) 7.02(-1) 1.0 (-1) 7.85 2.16 8.57(-1) 6.6 (-2) 1.94(3) 2.54(2) 4.85(2) 1.58(1) 5.96(-4)
2(3) 1.89(-1) 2.7 (-2) 7.15 4 1.81 9.65(-1) 8.15(-2) 2.36(3) 3.15(2) 4.94(2) 1.71(1) 3.27(-4)
0(4) 9.06(-2) 1.29(-2) 6.34 1.68 1.0 8.66(-2) 2.44(3) 3.26(2)  4.97(2) 1.75(1) 2.26(-4)
0(4) 5.59(-4) 7.96(-5) 3.28. 1.29 1.07 0 9.59(-2) 2.51(3) 3.36(2) 5.04(2) 1.86(1) 5.7 (-5)
1.0(5)  1.12(-4) 1.59(-5) 3.03 1.5 1.07. 9.6 (-2) 2.51(3) 3.36(2) 5.08(2) 1.86(1)  5.15(-5)
2 1.49(-7) 2.7 1.19 1.07 9.6 (-2) 2.51(3) 3.36(2) 5.04(2) 1.86(1) 4.19(-5)

.0(5) 1.05(-6)

(a) Numbers in parenthesis are exponents of ten.
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TABLE E-2

HAA-4 CODE AB7 BLIND POST-TEST PREDICTIONS

ABCOVE AB7 BLIND POST-TEST
SUSPENDED MASS CONCENTRATION (KG/M'*3)

Time LEAKED MASS (KG) SETTLED MASS (KG) PLATED MASS (KG)

(Sec) NaOH Nal NaOH Nal NaOH Nal NaOH Nal
6.0000E+02  3.52E-03 0.0 1.04E-04 0.0 9.89E-03 0.0 . 8.05e-03 0.0
9.0000E+02  3.49E-03 6.90E-05 2.08E-04 1.02£-06 2.93E-02 2.11E-04 1.26E-02  4.31E-05
1.8000E+03  3.23E-03 2.61E-04 5.10E-04 1.60E-05 2.48E-01 1.33E-02 2.26E-02 5.19E-04
2.4000E+03  2.54E-03 3.28E-04 6.81E-04 3.36E-05 8.26E-01 7.40E-02 2.68E-02 9.48E-04
2.7000E+03 2.23E-03 2.88E-04 7.52E-04 4 .27E-05 1.09E+00 1.07e-01 2.84E-02 1.15E-03
3.0000E+03  1.95E-03 2.52E-04 8.13e-04 5.07E-05 1.33E+00 1.38E-01 2.97E-02 1.32E-03
4 .2000E4+03  1.15E-03 1.49E-04 9.92E-04 7.38E-05  2.00E+00 2 .26E-01 3.31E-02 1.76E-03
7.2000E+03  4.35E-04 5.61E-05 1.20E-03 1.01E-04 2 .61E+00 3.04E-01 3.64E-02 2.19E-03
1.0000E+04  2.37E-04 3.05E-05 1.29e-03 1.12E-04 2.78E+00 3.26E-01 3.74E-02  2.32E-03
7.0000E+04 4 .37E-06 5.63E-07 1.50E-03 1.40E-04 2 ,97E+00 3.51E-01 3.88E-02 2.51E-03
1.0000E+05  1.67E-06 2.16E-07 1.51-03 1.41E-04  2,98E+00 3.51E-01 3.89E-02 2.51E-03
2.0000E+05 1.69E-07 2.18E-08 1.52E-03 - 1 2 .98E+00 3.52E-01 3.89E-02 2.51E-03

A1E-04

SUSPENDED PARTICLE MATERIAL DENSITY AND SIZE DISTRIBUTION PARAMETERS

Geometric Aerodynamic Count Average Aerodynamic

Mass Median ~Logarithmic Equivalent Mean Material Removal Eguivalent
Time Radius ~ Standard Radius Radius Density Time Rate Radius
(Sec) (M*+3) Deviation (M++3) {(M++3) {KG/M++3) {Sec) {KG/Sec)  (Micron)
6.0000E+02  5.45E-07 1.83E+00 7.71ME-07 1.83E-07  2.13E+00 6.0000E+02  6.16E-5 1.08E+00
9.0000E+02 8.77E-07 1.63E+00 1.22E-06 4 31E-07 2.,15E+03 9.0000E+-2 1.01E-4 1.52E+00
1.8000E+03  1.85E-06 2.12E400 2 .55E-06 3.39E-07 2.20E403 1.8000E+03 7 .42E-4 4 .41E+00
2.4000E+03 2 .18E-06 2.28E+00 3.02E-06 2.85E-07 2.24E+03 2.4000E4+03  1.03E-3 5.81E+00
2.7000E+03 2 .3BE-06 2.19E+00 3.30E-06 3.77E-07  2.24E+03 2.7000E+03  9.49E-4 5.96E+00
3.0000E+03 2 .52E-06 2.13E+00 3.49E-06 4 52E-07 2.24E+03 3.0000E+03 8.56E-4 6 .06E+00
4 2000E+03 2 .68E-06 1.96E+00 3.70E-06 6.80E-07  2.24E+03 4.2000E+03 4 52E-4 5.73E+00
7.2000E+03 2 .44E-06 1.74E+00 3.38E-06 9.80E-07 2.24E+03 7.2000E+403 1.08E-4 4 S4E+00
1.0000E+04 2 ,20E-06 1.63E+00 3.05E-06 1.07E-06  2.24E+03 1.0000E+04 4 ,22E-5 3.86E+00
7.0000E+04  1.13E-06 1.31E+400 1.58E-06 9,10E-07 2.24E+03 7.0000E+04 1.52E-7 1.69E+00
1.0000E+05 1.01E-06 1.27E+000 1.43E-06 8.50E-07 2.24E+03 1.0000E+05 4 .60E-8 1.50E+00
2.0000E+05  8,18E-07 1.20E+000 1.16E-06 7.37E-07  2.24E+03 2.0000E+05 2.91E-9 1.20E+00
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- TABLE E-3

POST-TEST PREDICTION OF ABCOVE TEST AP7 BY HEDL/SSD USING HAARM-3

Particie Size(b)

. . Distribution Total Aerosol
Time  * Susp. Conc. (g/m”) —AMND Leaked Mass (g) Settled Mass (g) Plated Mass (g) Removal Rate
(s)  ~WaoOW ~NaT (wm) o NaOH Nal NaOH  Nal NaOR  Nal (s
6.0(2)(a) ‘3{31 0.0 1.26 1.75 9.95(-2) 0.0 1.03(1) 0.0 1.89(2) 0.0 1.76(-4)
9.0(2) 3.22 6.82(-2) 1.77  1.62 1.96(-1) 1.04(-3) 2.38(1) 1.54(-1) 2.49(2) 5.19(-1) 6.8 (-5)
1.8(3) 2.92 2.58(-1) 3.47 2,16 4.71(-1) 1.58(-2) 2.05(2) 1.2 (1) 3.28(2) 4.48 1.79(-4)
2.4(3) 2.52 3.52(-1) 3.5 2.2 6.32(-1) 3.4 (-2) 5.05(2) 4.61(1) . 3.61(2) 8.2 2.5 (-4)
2.7(3) 2.34 3.27(-1) '3.89 2.14 7.04(-1) 4.4 (-2) 6.46(2) 6.57(1) 3.75(2) 1.02(1) 2.54(-4)
3.0(3) 2.16 3.01(-1) 4.25 2.1 7.7 (-1)  5.33(-2) 7.91(2) 8.6 (1) 3.87(2) 1.18(1) 2.75(-4)
4.2(3) 1.45 é.03(-1) 5.08 2.02 9.82(-1) 8.29(-2) 1.36(3) 1.66(2) 4.19(2) 1.63(1) 3.47(-4)
7.2(3) 5.09(-1) 7.11(-2) 5.39 1.82 1.24 1.2 (-1) 2.14(3) 2.74(2) 4.51(2) 2.08(1) 3.43(-4)
1.0(4) 2.19(71) 3.05(-2) 5.08 1.7 1.34 1.33(-1) 2.38(3) 3.08(2) 4.62(2) 2.23(1) 2.76(-4)
7.0(8) 4.96(-4) 6.93(-5) 2.62 1:29° 1.46 1.5 (-1) 2.55(3) 3.32(2) 4.78(2) 2.45(1) . 6.71(-5)
1.0(5) 7.8 (-5) 1.09(-5) 2.4 1.24 t 1.46 1.5 (-1) 2.55(3) 3.32(2) 4.78(2) 2.45(1) 5.99(-5)
2.0(5) 2.91(-7) 4.07(-8) 2.15 1.8 1.46 1.5 (-1) 2.55(3) 3.32(2) 4.78(2) 2.45(1) 5.41(-5)

(a) Numbers in parenthesis are exponents of ten.




TABLE E-4

BLIND POST-TEST PREDICTIONS OF TEST AB7 BY SNL USING CONTAIN CODE
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(a) Obtained from 1og-probabf1ity plot of rep

; ds = AMMD exp(inZ og).

orted discrete size data.

(b} Calculated from log-probability plot of reported size data
Numbers in parenthesis are exponents of 10.

(c)
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TABLE E-5

BLIND POST-TEST PREDICTIONS OF TEST AB7 BY BCL USING QUICKM CODE

Aero. Settling
Su?p. g;nc. AMMD {um) Oq Mean Diam. (um)
Time g/m
(s) NaOH Nal NaoH(®)  Na1{@)  combined NaoH®  Na1{®)  Combined maoW(P)  Na1(P)
6.0(2)(c) 3.91(0) 0 1.19 - 1.19 1.75 -- 1.75 1.63 --
9.0(2) 3.89(0) 7.67(-2) 1.61 0.81 1.58 1.63 1.75 1.68 2.04 1.11
1.8(3) 3.69(0) 3.04(-1) 2.50 1.22 2.51 2.10 2.16 1.98 4.33 2.21
2.4(3) 3.34(0) 4.45(-1) 3.10 1.4 2.90 2.48 2.4 2.21 7.07 3.06
2.7(3) 3.09(0) 4.34(-1) 3,40 1.66 3.22 2.68 2.41 2.25 8.98 3.60
3.0(3) 2.82(0) 4.19(-1) 3.70 1.87 3.47 2.51 2.67 2.28 8.63 4 .90
4.2(3) 1.85(0) 3.42(-1) 3.88 2.28 3.78 2.58 2.87 2.26 9.53 6.93
7.2(3) 8.15(-1) 2.09(-1) 3.50 2.66 3.47 2.28 2.37 2.05 6.90 5.60
1.0(4) 4.92(-1) 1.48(-1) 3.32 2.57 3.15 1.83 2.14 1.92 4.78 4,58
7.0(4) 1.75(-2) 1.08(-2) 2.18 1.90 2.12 1.29 1.37 1.46 2.33 2.10
1.0(5) 7.77(-3) 5.60(-3) 1.94 1.68 1.84 1.30 1.38 1.43 2.08 1.86
2.0(5) 1.17(-3) 1.26(-3) 1.52 1.34 1.48 1.26 1.38 1.37 1.60 1.49
o } o
Time Leaked Mass {q) Settled Mass (g) : Plated Mass (g) Removal Rate (s'])
(s) " NaQOH Nal - NaOH Nal | ; . NaOH Nal NaOH Nal

6.0(2) 1.12(-1) 0 8,06(0) c - i' : 2.6&(-1) 0] 1.24(-5) ~-
9.0(2) 2.28(-1) 1.00(-3) 2.57(1) 4.80(-2) 4.24(21) 2.82(-3) 2.43(-5)‘ 1.45(-7)
1.8(3) 5.66(-1) 1.74(-2) 1.89(2) 2.84(0) ;7.12(-1) 3.66(-2) 1.02(-4) 2.56(-6)
2.4(3) 7.76(-1) 3.91(-2) 4.78(2) 1.23(1) - 8.39(-1) 7.52(-2) 2.00(-4) 8.27(-6)
2.7(3) 8.72(-1) 5.22(-2) 6.87(2) 2.9{1) '8.90(-1) 9.53(-2) 2.49(-4) 1.27{(-5)
3.0(3) 9.59(-1) 6.48(-2) 9.18(2) 3.47(1) '9.34{-1) 1.12(-1) 2.84(-4) 1.73(-5)
4.2(3) 1.23(0) 1.10(-1) 1.75(3) 9.98(1) 1.06(0) 1.59(-1) 2.91(-4) 2.87(-5)
7.2(3) 1.60(0) 1.89(-1; 2.64(3) 2.14(2) 1.23(0) 2.27(-1) 1.70(-4) 2.86(-5)
1.0(4) 1.77(0) 2.38(-1) . 2.92(3) 2.66(2) 1.32(0) 2.66(-1) 1.18(-4) 2.49(-5)
7.0(4) 2.33(0) 4.68(-1) 3.33(3) 3.84(2) 1.67(0) 4.63(-1) 1.87(-5) 9.43(-6)
1.0(5) 2.37(0) 4.91(71) 3.33(3) 3.88(2) 1.70(0) 4.89(-1) 1.43(-5) 8.09(-6)
2.0(5) 2.40(0) 5.19(-1) 3.34(3) 3.92(2) 1.73(0) 5.24(-1) 7.03(-6) 5.90(-6)

(a) Obtained from log-probability plot of reported size data.

Eb; Calculated from log-probability plot; d_ = AMMD exp {1al og}.
c) Numbers in parenthesis are exponents of10.
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CODE COMPAR.ISONS OF SUSPENDED MASS CONCENTRATION
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Table F1
SUSPENDED MASS CONCENTRATION AT 608 SECONDS

NoOH NaI
Po st Rotio | pot Tt Ratfo
e to | G to | Code to | Code t
0
CODE | USER | (o/ad) | dverage | Test (| (/nd) | dverags | Test (o)
HAA-3 | HEDL (3% ©les® |11
HAA-4 | RIZESG [3.5 099 |1
HAARM-3 | HEDL [3.31 099 |18
CONTAIN | SNL [3.54 105|118
QuICKM | BCL |3 Lue | 1.9
AVERAGE 3.5 115
() Test ABT result for NoH = 3.0(8) + 5.0¢-1)
(b) Test AB7 result for NoI = 0.8
(c) Musbers in parenthesis are exponents of 10.
Table F2
SUSPENDED MASS CONCENTRATION AT 900 SECONDS
NaOH NaI
Bl ind . Blind .
Posifest | Rotio |pogiTest | Ratio
e T eto | Codoto | | ot Code
Qo 0
CODE USER (¢/8%) | Average Test (@) (g/nd) Averog: Test o(b)
HAM-3 | HEDL (3.2 o8 |18 |60 |om  |egm
HAA-4 [ RI/ESG |3.48 1088|1163 [6.9(D [0.981 | 0.9
HAARM-3 | HEDL [3.2 0.8 (141 |68 |egm  |eon
CONTAIN | SNL [3.8 107 |1 |65 o8 | 8.9
QuUICKM | BCL [3.8 Lt 1w e L 1996
AVERAGE 3.41 L (7.6 1.065

(a) Test ABT result for NoOH = 3.8(8) + 5.8(-1)
(b) Test AB7 result for NaI = 7.8(-2) + 3.8(-3)
(c) Mumbers in parenthesis are exponents of 18.
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- Table F3
SUSPENDED MASS CONCENTRATION AT 1880 SECONDS

NaOH Nal
Blind . Blind .
PostlTest Rat o Posi-l-?&sl Ratio
e to | Caoto | % | Code to | Codo |
CODE USER (g/m%) Ave:agg ‘Te.;fo(o) (g/nd) Avé?cgg Test 0(b)
HAA-3 | HEDL [2.98 () 0.918 |0.897 | 2.65-) | 0.7 9.914
HAA-4 | RI/ESG |3.23 .99 . | 1.07 261-D) | 0.857 0.980
HAARM-3 | HEDL |2.9 8,896 0.913 | 2.5 |0.04 .800
| CONTAIN | SNL  |3.4 1862 1083 [2.76¢1) [ 1.812 0.952
QUICKM | BCL |3.68 (1% .23 3.04-1) | 1114 |48
AVERAGE 3.% 1886 ¢ | 273D . 0.94!
(a) Test ABT results for NaOH = 3.8(0) + 5.0(-1)
(b) Test AB7 results for Nal = 2.9(-1) + 4.6(-2)
(c) Numbers in parenthesis are exponents of 18, -
Table F4
- SUSPENDED MASS CONCENTRATION AT 2400 SECONDS
 NaH NoI
Blind , Blind ,
4Poscto—:}':st Ratio Post-Test Ratio
Code t Code t Code t Code to |
CODE USER (o/ ) Aver,og’z | Test ?(o) (g/n%) Averog: Test o(b)
HAA-3 | HEDL 2.5, () 0.773 0.754 301-1) |88 [o2
| _HAA-4 | RI/ESG |2.54 | 0.913 8.89! 3.28(-1) | 0.898 0.1
HAARM-3:| HEDL [2.52 0.9% 0.884 3.52(-1) | 0.85 | 0.828
CONTAIN | "SNL 3.3 L8  [1.079  JAMCD [1H3 | 0.9
QUICKM | BCL 3.3 1.20! 1.7 4.45(-1) 188 . | 1.4
AVERAGE | - 2.182 9.976 3.684(-1) 0.867

(o) Test ABT results for NoOH = 2.85(0) + 5.8(-1)
(b) Test AB7 results for NaI = 4.25(-1) + 3.8(-2)
(¢) Numbers in parenthesis are exponents of 0.
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Table F5
SUSPENDED MASS CONCENTRATION AT 2780 SECONDS

NaCH . Nal
Blind : Blind .
Post-lest | Rotio  lpogtTest | Ratio
Code Code to | Code t Fode Code to | Code t
CODE USER (g/n) Averogg Tost o(a) (g/m%) Avé:og: Test o(b)
HAA-3 | HEDL {182 (8713  |0.700 2.59(-1) | 8.7 9,589
HAA-4 | RI/ESG |2.23 9.873 0.858 2.88(-1) |8.840 0.678
HAARM-3 | HEDL 2.3 9.916 9.900 3.21-1) | 9.954 0.769
CONTAIN | "SNL 3.8 1.288 1,265 4.86(-1) | 1.184 0.95
QUICKM BCL ]13.69 1.210 1.188 4.1 | 1.8 Al
AVERAGE 2.554 . 8.962 3.483¢-1) 0.807
() Test ABT result for NaOH = 2.60(8) + 4.8(-1)
(b) Test AB7 result for NaI = 4.25(-1) + 3.8(-2
(c) Numbers in parenthesis are exponents of 10.
~ Table F6
SUSPENDED MASS CONCENTRATION AT 3808 SECONDS
NaOH | Nal
Blind ; Blind .
oot | Rotio ettt Rotio
Code to | Code t Code to | Code t
CODE USER (g/2%) Avera‘gg Tezi o(o) (g/n%) Ave:ogg Tesl'o(b)
HAA-3 HEDL {150 €c) 9.649 | 0.689 2A5(-1) (8.6 . 0512 .
HAA-4 | RI/ESG |[1.95 .83 8.7% 2.52(-1) | 8.7% 0.600
HAARM-3 | HEDL | 2.18 0.928 8.87! 3011 |0.048 - 10717
CONTAIN SNL 32 1.3 1.299 #-) |.260 9.952
QUICKM BCL 2.8 - {1 1.131 4.10(-1) | 1.328 0.598
AVERAGE 2.8 -1 0.939 3.174¢-1) 0.756

(a) Test AB7 result for NalH = 2.48(8) + 4.8(-1)
(b) Test AB7 result for NoI = 4.20(-1) + 3.8(-2)
(c) Numbers in parenthesis are exponents of 18.
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Table F7 A
SUSPENDED MASS CONCENTRATION AT 4200 SECONDS

" NaOH Nal
Blind : Blind .
Post-'Test Ratio Post-[?esi Ratio
Fode Code to | Code t Fode Code to | Code t
CODE | USER | (g/n®) | Kverage | Test ()| (g/n®) | Average | Test (b
HAA-3 | HEDL | 7.82(-1) ()} 0.459 0.3 1(-1) 0,440 9.250
HAA-4 | RIZESG |[1.15 0.751 | 0.59 1A | 0.65 0.373
HAMRM-3 | HEDL |16  |0.84 8.4 2.09¢-1) | 0.8%3 0.508
CONTAIN | SNL |25 1.6% {.282 3.43(-1) | 1.588 B.858
QUICKM | BCL |1.85 1,289 0.940 3.48(-1) | 1.5 0.855
AVERAGE 1.531 e 2.24-1) 9.569
(o) Test AB7 result for NoOH = 1.95(8) + 2.5(-1)
(b) Test AB7 result for Nal = 4.00(-1) + 2.5(-2)
(c) Nunbers in parenthesis are exponents of 10.
Table F8
'SUSPENDED MASS CONCENTRATION AT 7200 SECONDS
NaOH | Nol
Blind Py Blind ,
Post-Test Ratio | post-Test Ratio
b oo | Codoto | [ todeto | Code t
_ . _
CODE | USER (g/n%) Averogg Test (@ (g/n) Averog: Test o(b)
HAA-3 | HEDL | 1.88(¢-1)(c)} 8.327 .160 |27 |90.249 | 0.8%3
HAA-4 - | RI/ESG |4.35¢-1) |0752 |03  [581(-2) |05  |0.2
HAARM-3 | HEDL . [5.09¢-1) | 0.8%0 0.43| 10(-2) | 0.657 0.245
CONTAIN | SNL  [9.44¢-1) | 1.6%2 0.800 1.76-1) | 1.6% 8.607
QUICKM | BCL  -|8.15¢-1) | 1.489 p.691 2.0 {193 0.721.
AVERAGE ~ | 5.784C-1) 0.490 1.083¢-1) 8.373

() Test -ABT re§ull for NoOH = {.18(8) + 1.2(-1)
(b) Test AB7 result for NoI = 2.9(-1) + 2.5(-2)
(c) Numbers in parenthesis are exponents of 18.
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Table F9
SUSPENDED MASS CONCENTRATION AT 10028 SECONDS

Na0H Nol
Blind : Blind .
post-Test | Ratio lpgiet | Rotio
Fode Code t Code t Fode Code t Code t
CODE USER (g/n®) Ave:ogz T:sl o(o) (g/nd) Ave:ag: Test 0(b)
HAA-3 HEDL | 9.86(-2) {c)| 9.290 8.118 | 1.20(-2) |0.1% 9.859
HAA~4 | RI/ESG |2.31¢-1) | 0.7%7 0.289 3.05(-2) | 0.458 0.130
HAARM-3 | HEDL ]2.18¢1) | 0.700 0.267  13.85(-2> 0.4 9.130
CONTAIN SNL 5.26(-1) | 1.8 0.64] 1L | 172 10,532
QUICKM BCL [ 4.92¢-1) [1.512 0.600 | 1.48(-1) |2.184 0.6713
AVERAGE 3.13¢-1) 8.382 6.78(-2) 0.308
(a) Test AB7 result for NoOH = 8.2(-1) + 3.0(-2)
(b) Test AB7 result for Nal = 2.2(-1) +2.8(-2)
(c) Mambers in parenthesis are exponents of 18.
Table F10
SUSPENDED MASS CONCENTRATION AT 79000 SECONDS
NoOH Nal
Blind . Blind .
Posé.;j:si Ratio Posf-"?osi Ratio
| | Code to | Code ¢ Code to | Code t
CODE | USER (g/a®) Averogg Test o(a) (g/n¥) Averog: Test o(b)
HAA-3 HEDL | 5.59(~4) (c) 0.067" 0.040 1.96(-5) | 0.819 0.013
HAA-4 | RI/ZESG |4.31¢-® ‘ 8.526 0.312 5.63~4) |8.1% | 0.604
HAARM-3 | HEDL | 4.96(-4) | 0.060 8.0% 8.03(-5 |0.817 0.012
CONTAIN SNL 1.86(-2) | 2.240 1.39 8.14-3) .|2.213 1.523
QUICKM BCL [.6(=2) |2.l0] 1.200 1.08(-2) | 2.615 |.608
AVERAGE 8.31(-3) 9.563 41313 ' 0.668

() Test AB7 result for NoOH = {.48(-2) + 5.8(-3)
(b) Test AB7 result for NoI = 6.088(-3) + 2.5(-4)
~ (c) Numbers in parenthesis are exponents of 10.
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Table Fi1
SUSPENDED MASS CONCENTRATION AT 108008 SECONDS

NaOH Nal
Blind . Blind .
Posl-'-Test Ratio Posl-‘-?esl Ratio
Code Code t Code to | Foce Code t Code t
CODE USER (g/n%) Avercgz Test o(o) (¢/md) Averog: Test o(b)
HAA-3 HEDL | 1.12(-4)(c)] .83 8.02! 1.59(-5) |0.087 0.086
HAA-4 | RI/ESG |1.61-3) | 0.458 0.309 2.18(-4) | 0.168 0.078
HAARM-3 | HEDL [ 7.8(5) | 6.8 0.614 1.89(-5) [ 0.065 0.004
CONTAIN SNL 8.1(-3) 2.313 1.611 4.85(-3) |2.283 1.888
QUICKM BCL J7.71(-3) 2118 1.439 5.6(-3) | 2.544 2.0%
AVERAGE 3.61-3 8.679 2.16(-3) 8.785
(a) Test AB7 result for NolH = 5.4(-3) + 5.5(-4)
(b) Test AB7 result for NaI = 2.75(-3) + 4.0(-4)
(c) Mabers in parenthesis are exponents of 10.
Table F12
SUSPENDED MASS CONCENTRATION AT 200808 SECONDS
NaOH Nal
Blind . Blind .
Post-Test Ratio Post-Test Ratio
1 ete | b bo | | Cadeto | Codet
1. 0 0 0
CO_DE USER | (¢/m¥) | Average Test ()| (g/n%) Average Test 0(b)
HAA-3 | HEDL .85¢-6) (c)| 9.692 0.081 1.48(-7) | 0.000 0.089
HAA-4 | RI/ESG |1.69(-4) |0.300 8.172 2.18(-5) | 0.045 8.034
HAARM-3 | HEDL 2.91-D | 6. 9.989 4.07(-8) | 0.000 0.880
CONT_AIN SNL 1.48(-3) 12.64 1.518 1.16(-3) | 2.35 {785
QUICKM | BCL {1.17¢:3) |2.074 1.184 1.26(-3) | 2.588 1,638
AVERAGE | 5.641(-4) 8.518 4.884(-4) 0.75!

(o) Test ABT result for NaOH = 9.8(-4) + 3.8(=4)
(b) Test AB7 result for NaI = 6.5(-4) + 2.5(-4)
(c) Numbers in parenthesis are exponents of 18,

F-7




APPENDIX G
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Table 61

AERODYNAMIC MASS MEDIAN DIAMETER AT 6@8 SECONDS

No0OH Nal
Blind . Blind .
Posci;:}'e est Ratio Posfi?es{ Ratio
ARD Code t Code t Code ¢ Code t
CODE USER | Micron) Averag: Test o(o) (Hicron) Averogg Tost o(b)
HAA-3 HEDL | 5.4(-1) (c)j 8.446 8.261
HAA-4 | RI/ESG | 1.4 1.211 9.762
HAARM-3 | HEDL |[1.26 1.048 8.624
CONTAIN | SNL | 1.53 1.262 8.751
QUICKM BCL .18 8.882 8.589
AVERAGE 22 | 0.668 |
(a) Test AB7 result for NoH = 2.82(8) + 4.8(-1)
(b) Test ABI result for Nol =8
(c) Numbers in parenthesis are exponents of 10.
Table 62
AERODYNAMIC MASS MEDIAN DIAMETER AT 980 SECONDS
NaOH Nal
Blind . Blind .
Poséiesi Ratio Post-{?esl Ratio
MO | Code to | Code Code to | Code t
CODE | USER | (licrond | Mverage | Test (w)| icran) | Avercge | Jast ()
HAA-3 HEDL | 8.2¢-1) €c)| 8.588 8.394 8.2(-1) | 8.604 1.85
HAA-4 | RI/ESG | 2.4 1.488 1.173 2.4 [.79] 3.058
HAARM-3 | HEDL | LT 1.079 8.851 1.7 1.383 2.213
CONTAIN | SNL |.56 8.%1 8.758 18.5¢-1) [8.788 1.188
QUICKM BCL .61 8.982 8.774 B.1¢-1) | 0.508 {013
AVERAGE .64 8.788 1.3% .688

(a) Test ABT result for NaOH = 2.88(8) + 4.8(-1)
(b) Test AB7 result for NaI = 8.8(-1) + 8.8(-2)
(c) Nuabers in parenthesis are exponents of 18,
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Table 63
AERODYNAMIC MASS MEDIAN DIAMETER AT 1888 SECONDS

NaOH Nal
Blind Y Blind .
Posl-l-Tesl Ratio ' Posi-'-'?es! ' Ratio
o Code t Code t % Code t Code t
CODE USER | tlicron) Avefrog: - Test o(o) (Hicron) Averog: Test o(b)
HAA-3 | HEDL (2@ (o) 9.8 1.259 2.8 1.63 2.014
HAA-4 | RIZESS |5.1 1553|2198 5.1 (.88 3507
HAARM-3 | HEDL [3.47  [tesr  [148  |3.41 (1%  |2.3%
CONTAIN { SNL |2.83 10740 | 1.84 1.45 8.512 |.008
QUICKM | BCL |25 .78 - |1.01 1.2 8.431 0.841
AVERAGE 3.284 148 2.8% 1.953
(o) Test ABT result for Noltf = 2.32(8) + 4.8(~1)
(b) Test ABT result for Nal = 1.45(8) + 2.5(-1)
(c) Mumbers in parenthesis ore exponents of 10, '
_ Table 64
AERODYNAMIC MASS MEDIAN DIAMETER AT 2408 SECONDS
NaCH Nal
Po%-igst Ratio Pont Test Ratio
Code to | Code to | AMD | Code to | Code t
CODE. | USER | (icron) Averog:. Test (a)f (Micron) Averog: Test ()
HAA-3 | HEDL 5.5 - ) 1234 - 2884  |5.45 49 [26®
HAA-4 | RIZESG |6.84 {.448 2,350 5.4 169  |3.146
HAARM-3 |- HEDL [3.5 9.839 1,362 3.5 0.985 1.823
CONTAIN | SNL * |3.67 1% 1165 - |16 B4 |8.8%
QuIckM | BCL |3t 8.183 {.285 1.4 0.397 9.7
AVERAGE | - {412 BRI 1851

(a) Test ABT result for NolH = 2.57(8) £ 5.0(-1)
(b) Test ABT result for Nal = 1.92(8) + 3.5(-1)
(c) Muabers in parenthesis are exponents of 8.
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Table 65

AERODYNAMIC MASS MEDIAN DIAMETER AT 2700 SECONDS

NaOH Nal
Pos st Rotio | pugt T Ratio
Eﬁ’»ﬂﬁ Code to | Code ¢ Acﬁ?ﬁ Code to | Code
0
CODE USER | (Micron) | Average Test o(a)q (Micron) Averqg: Test o(b)'
HA-3 | HEDL [e @12 Joxe  [6@ 49 |28
HAA-4 | RI/ESG [a.8 42 (248 [66 18R |3
HAARM-3 | HEDL |3.88 0.8%2 1451 389 |0.982 1.852
CONTAIN | SNL  [3.45 T8 181 [2m 054 | e.9n
UICKM | BCL |34 021 |12 [1.68 040 [0.7%
AVERAGE | 4604 L4 e |1
(a) Test AB7 result for NaOH = 2.68(8) + 5.8(-1)
(b) Test ABT result for Nal = 2.18B) + 4.8(-1)
(c) Mabers in parenthesis are exponents of 18.
| Table 66 -
AERODYNAMIC MASS MEDIAN DIAMETER AT 3080 SECONDS
NoOH NaI
Blind : Blind .
Post-Test | Robio  Ipupfe | Ratio
| 0 | codoto | Catoto | M5 | Code to | Code
. 0 0 0
CODE | USER | (Hicron) | Merago | Toot (| CHicron) | Avorage | loct )
HAA-3 | HEDL |62 @130 |24 |61 154 2.4
HAA-4 | RI/ESG |6.88 3% (248 |68 152|388
HAARM-3 | HEDL 4.5 0.0 {1518 [ 4.5 0.051 | 1864
CONTAIN | SNL [3& 0.8 (13 [o3 0.5% | lem
QUICKM | BCL |37 015 |13 1w .42 |08
AVERAGE ] 5184 83 |44 | 147

(a) Test ABT result for NaOH = 2.86(8) + 5.8(-1)
(b) Test AB7 result for NaI =2.28(8) + 4.8(-1)
(c) Nusber in parenthesis are exponents of 18.
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Table 67

AERODYNANIC MASS MEDIAN DIAMETER AT 4200 SECONDS

NaOH Nal
Bl ind " Blind :
post-lest | Rotio  pogiTest | Ratio
% | Code to- | Codet % Code to | Code t
: (4] 0
“CODE USER (Nicron) Avérw: Test o(q)' (Micron) | Average | Test ()
HAA-3 | HEDL |1.85 @132 |18 | 1.5 15 | 2.3
HAA-4 | RI/ESG |7.4 14 |1 |14 LA 217
HAARM-3 | HEDL |58  |ess (128 |58 8.47! { A
JCONTAIN | SNL [548  [eo3 - [136 - |35 B | 1.04
QUICKM | BCL | 3.8 0659 (804 |23 0.4% | 0.671
AVERAGE | [s5m e |5 « 1.5%
(a) Test ABT result for NoOH = 4.20(8) + 1.8(8)
(b) Test AB7 result for NaI = 3.48(8) + 8.8(-1)
“{c) Mumbers in parenthesis are exponents of 18.
| Table 68
AERODYNAMIC MASS MEDIAN DIAMETER AT 7208 SECONDS
Na(H Nal
lind . Blind .
» PogllTosf Ratio Posl-'-Tes{‘- Ratio
g LB L codeto | Codeto | WD | Codoto | Coo to
) . 0 0 .
CODE | USER | (Micron) | Averoge | Test (a)] (Micron) | Average | Test (b))
HAA-3 | HEDL 705 (12 |18 |1.1§ 1488 [ 1.4
HAA-4 | RI/ESG [676  |1.288 |14  [6.78 134 | 1.64
HAMRM-3 | HEDL |53 |09 A7 - 5.9 1856 | 1315
CONTAIN | SNL |5.% 0.952 1.178 3.5 8.6%9 0.671
[ uzckM | BCL |35 .62l 8764 | 2.86 8521 | 0.5%
AVERAGE 5.6% 1.8 |50 1 1.5

(a) Test AB]. result: for NaOH = 4.58(8) + 9.8(-1)
(b) Test ABT result for Nal = 4.18(8) + 8,8(-1)
(c) Mabers in porenthesis are exponents of 18.
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Table 69
AERODYNAMIC MASS MEDIAN DIAMETER AT 10800 SECONDS

~ Na(H Nol
Blind : Blind .
Posé.;liest Ratio Post-'?esi Ratio
AMD Code to | Code to | AHWD Code to | Code t
CODE USER | (Micron) Averogz Test o(o)' (Micron) Averog: Tesio(b)
HAA-3 HEDL 6.3 (o) 1.226 |.582 6.34 |.364 |.664
HAA-4 | RI/ESG |6.1 1.179 1.445 6.1 1.383 691
HAARM-3 | HEDL |[5.88 8.982 .84 |588 |.88% 1.333
CONTAIN SNL 4.64 0.897 1188 . |3.% 9.789 8.871
QUICKM | BCL ]3.7 9.715 0.8771 2.51 8.540 9.675
AVERAGE 5.1 §.226 4.682 1.228
(a) Test ABY result for NoOH = 4.22(0) + 8.8(-1)
(b) Test ABT result for NaI = 3.81(8) + 7.5¢-1)
(c) Mumbers in parenthesis are exponents of 18.
Table 610
AERODYNAMIC MASS MEDIAN DIAMETER AT 70800 SECONDS
NoOH Nal
Blind . Blind | .
Posi-lest | Rotio fpogiTegp | Robio
mﬁ Code to - | Code t " Code to | Code t i
0" 0 0
CODE USER | (Micron) | Average Test (a)] (Micron) | Average Test o(b)!
HAA-3 HEDL (3.8 (o) 1.19%5 1.216 3.8 |.268 1.464
HAA-4 | RI/ESG |3.16 1.152 1.238 3.16 |.214 141
HAARM-3 | HEDL |2.62 8.955 1.818 2.62 | .00% 1.178
CONTAIN SNL 2.8 0.984 0.965 2.8 8.791 8.928
QUICKM BCL 2.18 8.794 8.848  |1.9 0.730 0.848
AVERAGE 2.14 1.868 2.084 1163

(o) Test ABT result for NaOH = 2.57(8) + 5.8(-1)
(b) Test AB7 result for Nal = 2.24(8) + 4.4(-1)
(c) Numbers in parenthesis are exponents of 18.
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Table 611
AERODYNAMIC MASS MEDIAN DIAMETER AT 1000888 SECONDS

Na0H Nal
Blind . Blind .
Posé.iwl Ratio Post-Test Ratio
Code 1 Code t Code t Code t
CODE USER | (Micron) Averag: Test o(a) (Micron) Averog: Test o(b)
HAA-3. HEDL |3.83 €] 1.218 1.317 3.0 .21 |.54
HAA-4 | RI/ESG | 2.8 1158 1.243 2.8 1.206 1.467
HAARM-3 | HEDL | 2.4 0.969 1.048 .4 .916 1.23%
CONTAIN SNL 2.2 8.884 8.%5] 1.88 8.793 0.964
QUICKM | BCL |.94 8.788 0.843 1.68 9.708 8.862
AVERAGE 2.48 1.682 2.312 1.216
(o) Test AB7 result for NolH = 2.38(8) + 4.6(-1)
(b) Test AB7 result for NaI = 1.85(8) + 3.8(-1)
(c) Musbers in parenthesis are expéﬁ&i_iié;pf;lﬂ'. .
“Table 612
AERODYNAMIC MASS MEDIAN DIAMETER AT 280880 SECONDS
NaOH Nal
Blind . Blind .
PosilTwl Ratio Posll'T‘esl Ratio
o Code ¢ Code t m Code t Code t
0 _
CODE USER | (Micron) Averogg Test o(a) (Micron) | Average Test o(b)'
HAA-3 HEDL |27 ) 1.281 1.560 2.1 .32 1.862
HAA-4 | RI/ESG | 2.3 1.181 1.288 2.3 1183 1.688
“|HAARM-3 | HEDL |2.15 .88 1194 2.15 1.8 1483
CONTAIN | . SNL 1.85 8.878 1.028 1.5% 0.78 {069
QUICKM | BCL |1% 8.721 0.844 1.34 0.686 | 0.9
AVERAGE 2.11 1.1 2.812 1.388

(o) Tesk ABT result for NolH = 1.8(8) + 3.6(-1)
(b) Test ABT result for NI = 1.45(8) + 3.8(-1)
(c) Mubers in parenthesis are exponents of 18.
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APPENDIX H

CODE COMPARISONS OF GEOMETRIC STANDARD DEVIATION
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Table Hi

GEOMETRIC STANDARD DEVIATION AT 608 SECONDS

NoOH Nal
Blind . Blind .
posi-lest | Robio  |posiTest | Ratio
ol 1ot | Codoto | ™ | cooto | Codo
CODE USER Sigma Averog: Test ° Signa Averog: Test °
HAA-3 | HEDL | L.77 1013 | 1.693
HAA-4 | RI/ESE | 1.63 L7 | 1.1
HAARM-3 | HEDL | 1.5 o8t | 1880
CONTAIN | SNL | 1.64 .03 | 1812
QICKM | BCL [L.F5 1,601 | 480
AVERAGE .75 1078
(a) Test ABT result for NoOH = 1.62 + 0.15
Table H2
GEOMETRIC STANDARD DEVIATION AT 988 SECONDS
NaOH NoI
Blind . Blind .
Post-Test Ratio Post-Test Ratio
~ - Lode Code to | Codo t Fode Code to | Code
CODE USER Signe Averagz Test o(o) Signa Averog: Test o(b)
HAA-3 | HEDL | 1.4 L05 | 1086 | 1.64 095 | 1.06
HAA-4 | RI/ESG | 1.63 1o | 1080 1.63 .08 | 1.609
HAARM-3 | HEDL |16 1ol o84 [1@ 895 | 8.904
CONTAIN | SNL |1.41  |e.8 |08 |16 Boll | 8.8
QUICKM | BCL 1.3 10 |18 | LS 1062 | 1674
AVERAGE |8 0.8 | 1.65 Loll

(o) Test AB7 result for NoOH = 1.63 + .15
(b) Test AB7 result for Nal = 1.63 + 0.15
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Table H3

GEOMETRIC STANDARD DEVIATION AT 1888 SECONDS

Na(H Nol
Blind , Blind .
Posl-l-TosE Ratio Posil?esi Ratio
Code Code to | Code t Fode Code to | Code t
CODE USER Signo Averog: Test o(o)J Signa Averog: Test o(b)
HAA-3 | HEDL |2.4 LI 1149 |24 1.1% 1.479
HAA-4 | RIZESG |2.12 .88 1,285 2.12 0.987 .28
HAARM-3 | HEDL [2.16 1.839 1380 |2.16 | .00 1,389
[coNTAINT SN [157 (a7 8.9 1.86 0.866 112
QUICKM | BCL |21 1811 121 2.18 |.606 1.3
AVERAGE 2.88 R 2.15 .38
(a) Test ABT result for NoOH = 1.65 + 8.15
(b) Test AB7 result for Nal = 1.65 + 9.15
Table H4
GEOMETRIC STANDARD DEVIATION AT 2408 SECONDS
NaOH NoI
lind , Blind .
posigest | Ratio g | Retio
| Code Code to | Code t Code Code to | Code t
CODE USER Signo Averog: Tost o(o)! Signa Averogg Test é(bﬁ
HAA-3 | HEDL (2 [1is 1.6 21 1157 1.8
HAA-4 | RI/ESG “[2.%8 9.5% 1.34] 2.2 0.9 | 1.341
HAARM-3 | HEDL |2.2 2.969 .204 2.2 9.8% 1204
CONTAIN | SNL [1.13 0.1 | 1.818 2.18 0.924 .28
QUICKM:] BCL [2.48 1886 | 1.459 2.4 1.821 LB
AVERAGE 2,284 TR EE] 1.388

(o) Test A7 result for Noli = 1.70 ¢ 8.15
(b Test AB7 result for Nal = 1.70 + .15

H-3




Table H5

GEOMETRIC STANDARD DEVIATION AT 2708 SECONDS

NaOH , NaI
Posilost | Ratio Poggigst Ratio
Code to | Code ¢ Code to | Code ¢
CODE USER Signa Averog: Test o(a)' Sigaa Averogg Test o(b)h
HAA-3 | HEDL 2589  [11%  [1.5%6  [2.50 L2 | 1.5%
HAA-4 | RI/ESG |2.19 0.0 |13 |2.19 9.948 1.3
HAARM-3 | HEDL f2.4  logs  [1o4 o4 oo |1ow
CONTAIN | SNL [1.84 8.804 7 I 2.%! .28
QUICKM | BCL |2.68 N Y 108 |18
AVERAGE 2 ENE 1343
(o) Test AB7 result for Nalk = 1.72 + .15
(b) Test ABJ result for NI = 1.72 ¢ 8.15
. Table HG
GEOMETRIC STANDARD DEVIATION AT 38080 SECONDS
NaCH | Nal
Blind ; Blind .
Post-lest | Rotio lpogifest | Ratio
| T rdate | ke | 0 | codoto | Cade
CODE USER Signa Averog: Test () Sigma | Averog: Test o(b)n
HAA-3 | HEDL |[2.48 L1 [147  [2.8 188 [ 147
HAA-4 [ RI/ESG 243 [e.90 (127 [203  [88% |17
HAARM-3 | HEDL |2.11 Lo |1 o om0
CONTAIN | SN |18 et [ti3r |23  [age |13
ouIckM | BCL |21 1o 144 |28 118 | 1.9%
AVERAGE 2.2 1281 | 2.4 1.3

(o) Test AB7 result for NaOH = 1.75 + 8.15
(b) Test AB7 result for NaI = 1.75 ¢ 8.15
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Table H7

GEOMETRIC STANDARD DEVIATION AT 42088 SECONDS

Na(H Nal
Blind . Blind )
Posi-'-TesE Ratio Posil?esf Retio
Code Code to | Code t Code Code Lo | Code t
CODE USER Signa 'Averog: Test ‘_’(a) Sigao Averqu Test o(h)L
HAA-3 | HEDL | 2.1 0.976 | 1.149 216 0.918 .14
HAA-4 | RI/ESG | 1.9 885 1188 - |18 8.69 .43
HAARM-3 | HEDL (2.8 8.812 a4 e 9.850 |.674
CONTAIN | SNL |2.% 1.861 {258 2.5 .16 |.463
QUICKM | BCL |28 {165 13m0 |28 128|157
AVERAGE 2.24 .18 - |2® .25
(a) Test ABT result for NoOH = 1.88 + 8.20
(b) Test AB7 result for Nl = 1.88 + 0.28
Table H8
GEOMETRIC STANDARD DEVIATION AT 7288 SECONDS
NoCH Nol
ST T
’ Code Code to | Code t Fode Code to | Code ¢
CODE USER Signa Averogg 1 Test o(o)ﬁ Sigaa Averag: Test o(b)ﬂ
HAA-3 |- HEDL . | L.8I 8.917 - |1.84 .81 5.867 1.834
HAA-4 | RI/ESG |1.14 8.881 |89 |14 0.8 | 0.004
HAARM-=3 | HEDL | 1.8 3.02 1.040 1.8 0.872 | 1.040
CONTAIN { SNL - |2.2 115 1% |27 |.283 1.543
QUICKM | BCL [2.28 .15 1.383 2.3 .13 .34
AVERAGE | - - 1.974 {.128 2.89 [.183

(o) Test ABT result for NolM = .75 + 8.18

(b) Test AB7 result for Nal = {.75 + 8.18
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Table HY

GEOMETRIC STANDARD DEVIATION AT 18888 SECONDS

NaOH ~ Nal
Po%ligst Ratio 02{—'?:& Ratio
Code to | Code t Code to | Code to |.
CODE USER Signa Averog: Test 'o(o_)' Sigo Averog: Test Q(b)
HAA-3 HEDL | 1.68 8.947 1,086 1.68 9.899 |.086
HAA-4 | RI/ESG |1.63 1 9.919 | 8.916 1.63 9.863 8.976
HAARM-3 | HEDL |17 9.8  [1.818 - |17 0.00 |.818
CONTAIN | SNL 2 1.121 1.198 .23 L3 | L3
QUICKM | - BCL 1.8 1.848 1.114 2.14 {133 1.281
AVERAGE 1.7} 1.662 1.80 1131
(o) Test ABT result for NolH = 1.67 + 8.28
(b) Test AB7 result for NaI = 1.67 + 8.28
Table HIO
GEOHEIRIC STANDARD DEVIATION AT 7888 SECONDS
NoOH Nal
Po%'lgigst Rotio og{-i?gsf Ratio
) Code to | Code t Code to | Coda t
CODE USER Signo Averog: Test o(a)i Signo Avemg: Test o(b)ﬂ
HAA-3 HEDL (1.2 8.913  10.918 1.8 8.94] 9.878
HAA-4 | RI/ESG | 1.3 8.94 8.8 1.3 9.9 9.801
HAARM-3 | HEDL |[1.29 8.919 ~ |0.878 .20 9.04] 9.878
CONTAIN| SNL |14 1.870 9.359 1.5 [.138 .054
QUICKM BCL .29 8.919 9.878 1.3] |.008 9.932
AVERAGE 1.2 9.897 1.3%62 8.827

" (a) Test ABT result for NalH = 1.47 + 8.15
(b) Test AB7 result for NaI = 1.47 + 8.15
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GEOMETRIC STANDARD DEVIATION AT 100008 SECONDS

Table Hi1

Na0H Nal
Blind . Blind .
Post-Test Ratio PosTest Ratio
Code Code to | Code t rode Code to | Code t
CODE USER Signo Averogz Test o(o) Signa Averogz Test 0(b)
HAA-3 HEDL 1.2 8.967 8.862 1.5 0.946 0.862
HAA-4 | RIZESG | 1.27 9.983 0.876 1.2 0.961 0.876
HAARM-3 | HEDL | 1.4 8.960 885 |1.A4 0.938 0.8%5
CONTAIN SNL |4 1.884 0.966 1.4] 1.112 1.814
QUICKM BCL |13 1.606 | 0.807 1.38 |.oM 9.952
AVERAGE {.292 0.891 1.32 8.912
(o) Test AB7 result for NoOH = 1.45 + 8.15
(b) Test AB7 result for NaI = 1.45+ 0.15
. Table Hi2
GEOMETRIC STANDARD DEVIATION AT 200800 SECONDS
No(H Nal
Blind . _Blind DAL
Post-lest | Rotio  fpygiTest | Ratio
Fode Code to | Code t rode Code to | Code t
| 0 ,
CODE USER" | Signo AVerogg Test () Signa Averog: Test o(b)
HAA-3 HEDL | 1.18 8.914. 9.859 1.18 .94 _ 0.858
HAA-4 | RIZESG |1.2 8.982 0.8] 1.2 8.948 9.857
HAARM-3 | HEDL _{1.18 8.986 8.843 1.18 0.932 8.843
CONTAIN SNL | 1.8 1.84] 8.914 1.3 |.098 0.986
QUICKM BCL 1.2 1.831 8.969 1.38 {.088 0.986
AVERAGE g W77 8.813 1.2 0.004

(a) Test ABT result for NoOH = 1.48 + 8.15
(b) Test ABT result for Nal = 1.48 + 8.15
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Table Ii

AERODYNAMIC SETTLING MEAN DIAMETER AT 6@ SECONDS

" NaOH Nol
Blind . Blind .
Posci‘;'-dTe est Ratio Posi-'-'?esi Ratio
Code t Code t Code t Code t
CODE USER_ (Micron) Averog: " Test o(o)' (Micron) Averogg Test o(b)
HAA-3 HEDL | 7.5¢-1) Co)f 9.488 1%
HAA-4 | RI/ESG |2.16 1,486 9.811
HAARM-3 | HEDL |1.72 .19 0.6%4
CONTAIN { SNL 1.4 0.924 0.513
QUICKM BCL 1.63 1,861 8.657
AVERAGE .54 8.619
(a) Test AB7 result for NoOH = 2.48 + 0.50
(b) Test ABT result for Nal = 0
(c) Nunbers in parenthesis are exponents of 18.
Table I2
AERODYNAMIC SETTLING MEAN DIAMETER AT 900 SECONDS
NaOH Nal
Blind . Blind .
Poséje est Ratio Posf-l-?asi Ratio
Code to | Code t Code t Code t
CODE USER | (Micron) Average Test o(o)h (Micron) AVerog: | Test o(b)
HAA-3 HEDL 1.64 8.762 9.851 1.64 0.891 1.541
HAA-4 | RI/ESG |3.04 {.43 {.206 3.4 {.652 2.568
HAARM-3 | HEDL |2.23 1.836 0.885 2.3 {.212 2.14
CONTAIN SNL 1.81 8.84 9.718 1.18 9.641 (113
QUICKM BCL 2.64 D.948 9.818 1.1 8.603 |.04]
AVERAGE 2.152 0.854 1.84 {.736

(o) Test AB7 result for No0H = 2.52 + 8.5
(b) Test ABT result for Nl = 1.86 + 0.2
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Table I3

AERODYNAMIC SETTLING MEAN DIAMETER AT 1888 SECONDS

“NaOH | Nal
Blind o Blind .
Postrlest | Ratio  |pogi-Test | Ratio
Code Code to | Codeto | Code Code to | Code
CODE | USER | (Micren) | Average | Test ()| Glicron) | Average | Test ()
HAA-3 | HEDL |64 1120 |2e4t |64 1240 |3.970
HAA-4 | RI/ES6 8.2 158 |2 8@ 1.763 4,59
HAARM-3 | HEDL [6.27 1o (19 |6z |10 3.266
CONTAIN | -SNL |2.® 9516 9.940 2.13 8.411 1.189
QUICKM | BCL [4.3 8.79 1.366 2.2 0.4 1151
AVERAGE | 5.714 .8l 5.18 2.6%8
(o) Test AB7 result for NolH = 3.17 + 0.6
(b) Test ABT result for Nal = 1.92 + 0.38
| Table T4
AERODYNAMIC SETTLING MEAN DIAMETER AT 2408 SECONDS
NaCH ' - NoI
Pogé.l‘-igsi Rabio | pai 0y Ratio
| » | Code to | Code to " | Code to | Code t
CODE USER | (Micron) | Average Test (a)] (ficron) | Average | Test o(b)
HAA-3 | HEDL |1.41Q1) 163 | 4.0% LAICD) ] 1.838 5.59
HAA-4 | RI/ESG | 1.1601) | 1.3% 3.2 16 (1512|4540
HAARM-3 | HEDL |6.%2 0.751 1.852 - |65 9.858 2551
CONTAIN | SML  ]4.14 0.477 116 | 3. 0400 | 1.204
QUICKM | BCL |1.@ 8814 2.609 3.0 9.39 [.200
AVERAGE | 3.69 2.468 161 3.088

(o) Test MBT result for Nolt = 3.52 + 9.7
(b) Test ABT result for Nal =2.55 + 0.5
(c) Musbers in parenthesis are exponents of 18,
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Table

I5

AERODYNAMIC SETTLING MEAN DIAMETER AT 2780 SECONDS

NaQH Nal
Pozéj?ie{ Ratio Pog{-i-?gsi Ratio
Code to | Code to - Code to | Code t
CODE USER | (Micron). Averqg: Test o(a)L (Micron) Averagg Test o(b)
HAA-3 HEDL | 1.4001) {1561 391 1.40(1) | 1.588 5.1%
HAA-4 | RIZESG {1.1901) | 1.47 1318 1.19(1) |.445 4.18
HAARM-3 | HEDL |6.94 0.77 |18 - 694  |0.80 2.383
{CONTAIN [ SNL |5 0.524 138 |38 0.4 1.38
QUICKM BCL 8.9 8.941 2.3% 3.6 8.437 |.24]
AVERAGE 8.54 2.56 8.24 2.841
(o) Test MBI result for Nl = 3.75 + 8.7
(b) Test ABI result for Nal =2.99 + 0.6
(c) Mumbers in parenthesis are exponents of 18.
Table I6
AERODYNAMIC SETTLING MEAN DIAMTER AT 3800 SECONDS
’ NaOH Nal
Blind : ~ Blind ‘
Posl:Tes{ Ratio Pos{-l?esi Ratio
“* Toeto |Coeto | ° okt Code }
0
CODE | USER | (Micran) | Average | Test (o)| icron) | Average | Test ()
HAA-3 HEDL | 1.53¢1) <o)j 1.542 3.844 X O ANI 4,851
HAA-4 | RI/ZESG ] r.21() |1.218 3.040 Lagy | 1s o |3l
HAARM-3 | HEDL |7.42 0.748 |.864 1.42 0.8 |2.%
CONTAIN SNL 6.17 8.622 1.558 4.81 8.546 1.546
QUICKM BCL ]8.63 9.878 2168 |49 9.54 .55
AVERAGE 9.924 2.483 8.92 2.831

. (a) Test ABT result for NaOH = 3.98 + 8.89
(b) Test ABT result for Nal = 3.15 + 8.63
(c) Mumbers in parenthesis are exponents of 10.
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Table 17

AERODYNANIC SETTLINS MEAN DIAMETER AT 4208 SECOKDS

NaOH NoI
posiTest | Ratio Poggiii Rotio
: Code to | Code t Code to | Code
CODE | USER | Glicron) | Avercge | Jesh @) Ghicron) | hverage | Test ®)
HeA=3 | HEDL |1 @718 280 1) |13 |3
HA=4 | RI/ES6 [ LISD. |18 281  [LIS). [113  |2.40
HAARM-3 | HEDL |8.69  |8767 | 158 |80 |68 | 1.840
[CONTAIN | SNL |3y (e {265 988  |685 |20
QUICKM | BCL |95 . (883 |18 |68  |867 | 1414
AVERAGE |~ | L.16s() 288 | LeAD 2119
(o) Test ABT result for NoOH =5.58 + 1.8
(b) Tost AB7 result for NI =4.78+18 .
(c) kabers in parenthesis are exponents of 18.
.~ Toble I8
- AERODYNANIC SETTLING MEAN DIAMETER AT 7208 SECONDS
g ~ NeH ] Nal
| Bind | Blind .
Post-Test Ratio | pogi-Test Rt io
o | e et | Codeto | o [ codeto | tate bo
CODE | USER | (ficron) | hverage | Test Go)| icron) | hverge | Test @)
HAA-3 | HEDL. (et 105t |66 (1.8  [r.om | 1.6
HAA=4 | RI/ESG |9.88 L |14 |08 - [1e1 | 1.6%
HARRM-3 | HEDL |71 868 (124 |1 |es7 | 1.3
CONTAIN | SNL [idicy  [rst  [i616 o5 1.8 | 174
QUICKM | BCL |6.9 8.785 184 5.6 8.655 1889
AVERAGE- } - |88 1.484 8.412 1.516

(o) Test ABT result for NoH = 6.25 + 1.3
(b) Test 487 result for Nl = 5.55 + I.1
(c) Mumbers in porenthesis are exponents of 18.
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AERODYNAIC SETTLING MEAN DIAMETER AT 10008 SECONDS

 Toble I9

"~ NeOH No
Blind g Blind .
PootTest | Robio  pi'fey | Rotio
4 Code Code to | Code t Code Code to | Code |
| = |
CODE | USER | (Micron) | hverage | Test ()| Micron) | Average | Test
HAA-3 | HEDL |83 15 |14 183 123 | L
HAA-4 | RIZESG |72 | L@ |13 |12 |L® | 154
HAARM-3 | HEDL |63 |09l |11t (65 (8@ | 1M
CONTAIN | SNL_ |75 o 130 |65 |8aB |13
Lourckw | BCL [am_ esw o6 |48 |esk | edis
AVERAGE. 700 — 18 |6m %3
(o) Tast ABT result for NoOH = 5.65 + 1.2
(b) Test ABT result for Nal = 5.08 ¢ 1.8
o © TebleIld
AERODYNANIC SETTLING NEAN DIAMETER AT 76000 SECONDS
T NaOH NI
Blind . Blind .
Post-Test | Ratio Post-Test Ratio
O T oketo oo to | | codo to | Code b
. ; 0 0 V]
CODE USER | (icron) | Average Test (o)} (Mficron) | Average | Test o(b)* ‘
HAA-3 | HEDL |35 R s 135 s e |
HAA-4 | RIZESG |38 | LMl |16 - |38 |18 | L& -
HARRM-3 | HEDL | 2.8 0065|008 |28 00 | 1157
CONTAIN | SNL | 2.8 005|080 |25 e85 | 180
QUICKM | BCL (2% lem  lemm |2l 0I5 | 04%
AVERAGE 2,062 o |28 180

(o) Test ABT result for Nl = 2.95 + 8.5
(b) Test AB7 result for Nal = 2.40 + 8.4
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Table It
AERODYNAMIC SETTLING MEAN DIAMETER AT 1080000 SECONDS
NaOH Nal
Blind : Blind .
Poséi}:sl Ratio Pos{-l-'?est Ratio
Code to | Code t Code t Code t
CODE USER | (Micron) Averog: Test é(o) (Micron) Averw: Test o(b)
HAA-3 HEDL  |3.18 1.187 |.24] 3.18 1.233 |45
HAA-4 | RI/ESG |3 1.119 [.176 3 [.163 1.364
HAARM-3 | HEDL |2.68 .089 |.85] 2.68 1.839 1.218
CONTAIN | SNL | 2.46 8.918 0.965 2.18 0.845 9.991
QUICKM BCL 2.08 8.716 £.816 1.8 8.721 0.845
AVERAGE 2.68 651 2.58 1173
(a) Test BT result for NalH = 2.55 + 8.4 |
(b) Test AB7 result for NaI =2.20 + 9‘t4_
Toble If2 -
AERODYNAMIC SETTLING MEAN DIAMETER AT 200080 SECONDS
NaOH Nal
Blind 1 Blind .
PosllTes{ Ratio Posl-l-'rf‘osl Ratio
“ e to | ot t | code to | Cade §
0 0 0
CODE -| USER (Micron) Averogz Test (a)] (Micron) | Average Test b)
HAA-3 HEDL | 2.78 1.269 {.589 2.18 1.311 1.794
HAA-4 | RI/ESG 2.4 1.885 {.371 2.4 {13 |.548
HAARM-3 | HEDL |2.2 1,668 1.263 2.21 1.842 |.426
CONTAIN | SNL 1.96 8.835 1.128 1.72 9.811 1.118
QUICKM | BCL |1.6 0.731 8.914 1.49 0.703 0.96!
AVERAGE | 2.19 [.251 212 1.368

(o) Test AB7 result for NalH = .75 + 0.5
(b) Test AB result for Nal = 1.5 + 0.3
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APPENDIX J

CODE COMPARISONS OF LEAKED MASS
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Table Ut
LEAKED MASS AT 608 SECONDS

NaOH NaI
Blind . Blind .
Post;:f est Ratio Post-['?est Ratio
e
Code t Code 1 Code t Code t
CODE USER (g) Ave:og: Test o(o)h (g) Averogg Test o(b)
HAA-3 HEDL | 1¢-1) ()] 8.946 0.980
HAA-4 | RI/ZESG | 1.84(-1) |[0.984 1.820
HAARM-3 | HEDL ]9.95(-2 |6.%41 0.95
CONTAIN | SNL [ 113G-DD [1.869 | 1.188
QUICKM BCL {.120-1) | 1.668 |.698
AVERAGE 1.66¢-1) |.836
(o) Test ABI result for NoOH = 1.62(-1) + 1.0(-2)
(b) Test AB7 result for Nal = 80 ,
(c) Mumbers in parenthesis are exponents of 10,
Table J2
LEAKED MASS AT 988 SECONDS
NaOH - Nal ’
Blind . ~Blind .
Posi-lest | Rotio  fpgp ey | Ratio
Code Code t Code t Code Code t Code t
CODE USER (g) Averogg Test o(o) (g) Averogg Test o(b)
HAA-3 | HEDL | 1.97¢-1)%c)| B.942 .83l 1023 |0.9% 1.010
HAA-4 | RI/ZESG |2.68¢-1) |0.804 1.689 1023 |9.9% |.010
HAARM-3 | HEDL [ 1.96CD 0.9 |.02%6 1.04(-3). |0.954 1.038
CONTAIN | SNL 2111 | 1.837 1.13% 1.31:3) | 1.7 1,356
QUICKM BCL 2.8(-1) | 1.698 I.194 1-3) - 19917 0.9%
AVERAGE 2.092(-D 1.095 1.09(-3 1.019

(0) Test AB7 result for NaOH = 1.91(-1) + 2.8(-2)
(b) Test AB7 result for NoI = 1.01(-3) + {.8(-4)
(c) Numbers in parenthesis are exponents of 18.

J-2




Table J3
LEAKED HASS AT ISGQZSECONDS

| NaOH " Nl
Blind , Bl ind ,
Poséife est Rovi: 1o Pos{l?el Ratio
- Code to | Code t Code to | Code ¢
CODE} USER (g) Averog: Test o(o) (g) Averogg Tost o(b)
HAA-3 | HEDL [4eD@|08r -~ [1e8 |15 |6.90 9.9
HAA-4 | RI/ESG |5.¢-0) |1.6@ |16 J16¢D [e96  |0.964
HAARM-3 | HEDL [471¢-D [0.95  |1.88l ~ [158¢D (6.9 |09
{CONTAIN | SN |526¢-0 [t (1151 [L7D | 1.689 | 866
QUICKM | BEL |50 |12 - |1.239 (74D | 1651 (848
AVERAGE | 5.09¢-1) BRI - |09
(a) Test AB7 result for NaH = 4.57(-1) +5.0(-2) -
(b) Test AB7 result for NaI = 1.86(-2) + 1.7(-3)
(c) Mumbers in parenthesis are exponents of 18.
Toble J4 .
LEAKED MASS AT 2408 SECONDS |
- NoOH Nal
Bl ind - ~ Blind .
Posé;:fees{ , Rot 10 Posil'?esi Ratio
| . 1+ | Codeto | Code to Code to | Code
CODE | USER | (p | hverage | Test @ (@ | Average | Test ®)
HAA-3 | HEDL {6.5(-0¢c){ 0988  [0.88 ~ [33-2 - [095 |15
HAA-4 | RI/ESG 16.81¢-1) |08 | 1.0 3D |0 . LIS
HAARM-3 | HEDL - Je.2¢-D [osts  [rem |34 [os3  |1.14
CONTAIN | SNL 7.0 |4.686 | 1.158  |3.86C2) | 1682 | 1.3
QUICKM | BCL [7.76¢D  [1.18  [1.28  |381CD [1.685 - 1.5
AVERAGE |~ - | 6.88(-1) L8 |35 | 1.5

(a) Test AB7 result for NaOH = 6.32(-1) + 6.3(-2).
(b) Test ABT result for NaI = 2.96(-2) +3.8(-3)
(c) Mumbers in parenthesis are exponents of 18.
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Table JS
LEAKED MASS AT 2708 SECONDS

NaOH  Nal

Post-Test

Pogé-i-'?gsi Ratio" Blind Ratio
Code

Code to | Code t Code to | Code t
CODE USER (g) Averag: Tes{-o(o)* (g Averogg Test o(b) '

HAA-3 HEDL | 6.84(-1)Ced) 0.881 8.%/ 4.14(-2) | 6.866 0.9

HAA-4 | RI/ESG |7.52¢-1) |6.980 102 46D |8.85 1.012
HAARM-3 | HEDL |7.M4C-1) |0.817 - | 0.9 44(-2) | 0.953 1.043
CONTAIN | SNL | 8.55¢-1) | 1075 | 1.154 . |5.06(-D> | 1.086 1,169
"QUICKM | BCL ]8.72¢-1) [1.1% .28 [5.2(2 |{1.1% 1.331
AVERAGE 1.674¢-1) 1073 4.62-0) - 1,094

(a) Tost ABY result for NaOH = 7.15(-1) + 7.2(-2)
(b) Test AB7 result for Nal = 4.22(-2) +4.2(-3)
(c) Mumbers in parenthesis are exponents of 10,

Table J6
LEAKED MASS AT 30080 SECONDS
- NaQH - Nal
ind . ind .
PogéiTesi Ratio Pogél?osi Ratio
Code

| Code to | Code | Code to | Code ¢
CODE USER (g) {Averag: Test o(o) (g) Averogg Test o(b)

HAA-3 | HEDL | 7.3 8.874 - - | 0.924 484- |0.885  [0.88

HAM-4 | RI/ESC [o.13¢D |68 |65 |soicD |ess  |owl

HAARM-3 | HEDL |[7.7¢-1) |0.018 - |88 5330 |8.9853 - |0.9M4

CONTAIN | SNL  9.2¢) |1.887 ~ |1.168 . |6.25(2 |1.117 1143

QUICKM | BCL ]9.50¢-1) |1.143 128 [ 648D |18 | 1185

AVERAGE 8.39(-1) | 1.8%8 5.504(-2) | 1.8

(a) Test AB7 result for NaOH = 7.93(-1) + 8.8(-2)
(b) Test AB7 result for NaI = 5.47(-2) + 5.5(-3)
(c) Mumbers in parenthesis are exponents of 10.
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Table J7
'LEAKED MASS AT 4200 SECONDS

~ NaOH Nal
Pogé;'_digst RO{: io Pogt?g{ RO!’. io
| Code to | Code to |- Code to | Code
CODE USER (g) .Averagg Test o(a)! ), .Averw: Test o(b)
HAA-3 | HEDL |8.57¢-1) () 0.885 .88 5.6-2) |85 | 0.6%
HAA-4 | RI/ESG [9.9¢-1) |8.9% |89 ~ |738CD |08%8 0.7
HAARM-3 | HEDL - |9.82-D) [0.923 : |0.918 |8.2(-D |86.843 8.197
CONTAIN | - SNL | 1.8 184 1178 111 |1 1.629
QUICKM | BCL |13 {.15 148 (1D LS {.658
AVERAGE {065 0.995 BIM-D | 0.846
(a) Test ABT result for NaOH = 1.07¢0) + 1.1¢-1) .-
(b) Test AB7 result for NaI = 1.84C-1). + 1.8(-2)
(c) Numbers in parenthesis are exponenis of 10:
Table J8-
LEAKED MASS AT 7208 SECONDS
“ NaOH - Nal
~ Blind - : ‘Blind .
, .Posl-'-Tes{ Ratio Posl:-.l-?esi. _ Ratio
- Cde o to | Codeto | = | Codeto | Code to
N ] . 0 0
CCDE. | USER | (@ | Average | Test @ (@ | hverage Test ()|
HAA-3 .| HEDL ] 9.65(-1)¢)| 8.718 0.63! 8.15(-2) | 0.688 0.32
HAA-4. | RI/ESG |12 - = |0.894  |0.784 1OI-1) |0.753 | 0.4%
| HAARM-3 | - HEDL - |1.24 A28 (6818 |12¢) |05 |57
CONTAIN | SNL LI 13 . 118 129D | 1.3 0.861
QUICKM | BCL .18 1.181 o4 1801 [1.480 © [6.989
AVERAGE | 1.34 | .88 {3411 | 0.645

(a) Test AB] result for NolH = 1.53(8) + 1.5¢-1)
(b) Test AB7 result for Nol = 2.88(-1) + 2.1(-2)
(c) Munbers in parenthesis are exponents of 18.
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Table J9
LEAKED MASS AT 108088 SECONDS

NaOH "~ NoI
Blind . Blind .
Posé‘dee est Ratio Post-l-?at Ratio
| Code to | Code to Code to | Code ¢
CODE | USER | (@ | Average | Test o (g | Avercgs | lest )
HAA-3 | HEDL [t a6 (e - |866(2 |e5. |31
HAA-4 | RI/ESG |1.29 b8yt Jems  [rien [ent o4 |
HAARM-3 | HEDL 1.3 o8 e [1med [osu [
CONTAIN | SNL - |1.9 3 . [rese  Jaueeh (1 |es
QUICKM | BCL |17 A2 - (0918 |23 |15 |68%
AVERAGE | 146 et [188¢D 8.567
(a) Test ABT result for NolH = 1.818) + 1.8¢-1)
(b) Test AB7 result for NaI = 2.78C-1) % 2.8(-2)
(c) Mumbers in parenthesis are exponents of 18..
| Table J10
LEAKED -MASS AT 70009 SECONDS
NoOH NoI
Blind , Blind :
Post-Test Ratio Post-Test Ratio
S ol odeto | Coto | ™ [ caet Code
CODE | USER | (o | Avercge | Test (o) (9 | Average | Test )
HAA-3. | HEDL [rer (e6e |48  [959¢D [0 . [0.165
HAA-4 | RI/ESG |15 0840 o583 [ta-h [ese . |04
HAARM-3 | HEDL [1.46 (o8 (o5  [15cD [e6w | 0.9
CONTAIN | SNL |24 139 (098 |39 [1sw . leew
QUICKM | BCL |23 - [tswe  Tosw — [4s8c [18n  [oser
AVERAGE .71 067 | 2.58-1) 043

(a) Test ABT result for NoOH = 2.62(8) + 2.6(-1)
(b) Test ABT result for Nal = 5.8(-1) * 5.8(-2)
(¢) Numbers in parenthesis are exponents of 18.
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Table J11
LEAKED MASS AT 1008000 SECONDS

NaOH Nal
Blind - Blind .
Post-Test Ratio Post-Test Ratio
Code Code t Code t Code Code { Code &
CODE | USER | (@ | veragge | Jest )| (o) | Average | Test )
HAA-3 | HEDL | 1.67 ()| 0.680 0.404 9.6-2) | o.M 8.162 .
HAA-4 | RI/ESG | 1.5 B84 | 06.570 141¢-1) | 0.545 9.238
HAARM-3 | HEDL 1.4 6.818 | 8.551 1.5(-1) 0.588 0.253
CONTAIN [ SNL |28 1,487 8.947 4.16¢-1) | 1.687 0.793
QUICKM BCL 2.3 1.328 8.894 . 4.91(-1) 1.897 1 0.829
AVERAGE ' 1,764 8.673 2.50¢-1) 8.437
(a) Test AB result for NolH = 2.65(8) + 2.7(-1)
(b) Test ABT result for Nal = 5.92(-1) + 6.8(-2)
(c) Mumbers in parenthesis are exponents of 18.
Table J12
LEAKED MASS AT 200008 SECONDS
: NaCH Nal
Blind Db Blind .
PosllTes{ Ratio Posll?es'{ Ratio
Code Code t Code t ke Code t Code t
' 0 ) 0
CODE USER (g) Average Test ()} (g) Average Test o(b)
HAA-3 | HEDL |1.871 (o)} 9,584 0.401 9.6(-2) 8.356 0.159
HAA-4 | RI/ESG |1.52 0.844 8.569 14D [0.58 0.233
HAARM-3 | HEDL 1.46 0.811 8.547 1.5¢-1) 8.557 0.248
CONTAIN [ SNL 2.5 1.417 8.955 441-1) | 1.637 0.730
QUICKM | BCL 2.4 1.333 10.899 509- | 1.821 . [0.89
AVERAGE 1.8 0.674 2.694(-1) 8.446

(o) Test ABT result for NalH = 2.67(8) + 2.7(-1)
(b) Test ABT result for NaI = 6.84(-1) + 6.8(-2)
(c) Mumbers in parenthesis are exponents of 18.
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Table K
SETTLED MASS AT 608 SECONDS

" NaOH Nal
Blind . ind .
Posé,;:};esl Ratio PoE{-'?esi Ratio
Code t Code t Code t Code t
CODE |- USER (9) Averagg Test o(o) (g) Avercgg Teet (0
HAA-3 HEDL 1.3 &) 8.186
HAA-4 | RI/ESG |9.89 1.413
HAARM-3 | HEDL | 1.63C) [1.411
CONTAIN| SNL |54 8.779
QUICKM BCL | 8.86 1.151
AVERAGE 1
(a) Test AB7 result not measured at this time.
(b) Mumbers in parenthesis ore exponents of 18,
Table K2
SETTLED MASS AT 908 SECONDS )
NoOH NoI
Blind : Blind .
Posl-!Tes{ Ratio Pos{-'-?esl Ratio
b oo to | Codoto | ™ [ oo to | Code t
)
CODE | USER | (@ | Average | Test ) (o) | Average | Test (o
HAA-3 HEDL [350 )] 8.185 2.85(-2) | 8.215
HAA-4 | RI/ESG |2.93(1) 1.514 2111 | 2.188
HAARM-3 | HEDL | 2.38(1) 1.28 1.54-1) | 1.508
CONTAIN SNL 1.4(1) 0.74 4.2-2) |0.438
QUICKM BCL |2.5() 1.328 4.8(-2) | 0.408
AVERAGE : 1LY 9.634(-2)

(a) Test ABT result not measured ot this time.
(b) Nunbers in parenthesis are exponents of 10.
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Table K3

SETTLED -MASS AT 1800 SECONDS

"~ NaOH NaI
Blind , ~ Blind ,
Poséjeesi Ratio  |poetTest | Rotio
Code to . | Code to | Code to | Code
CODE | USER | () | verage | Tost (@ (@) | Averags | Test
HAA-3 | HEDL |4.22¢) ®)6.278 218 0.43% - -
HAA-4 | RI/ESG |24 * [1.68 SRS
HAARM-3 | HEDL |28 [1.3%7 OIS
CONTAIN | SNL | 7.1 8.478 14 0.2
QUICKM | BCL |r&@ |1.5 2.84 0.43%
AVERAGE {.511@ | §.484
(o) Test AB result not messured ot this time.
(b) Musbers in parenthesis are exponents of 10.
Table K4
SETTLED MASS AT 2400- SECONDS
NoOH NI
Blind | . ‘Blind :
ofdust | Rotio  |pfy|  Ratio
1. Gl [ e to | Cooto | ™ | todeto | Code t
A . ! 0 -10 0
CODE | USER |- (g - | Averoge Test (@) (@) Average Test (a)
HAA-3 | HEDL 7.8 ®)f 1.3 {e120 [1es
HAA-4 | RI/ESG 8.6 . |1.5%8 140 (169
HAARM-3-| HEDL |5.65  |o.84 4811 | 1654
CONTAIN | SNL. 1.4 |[0.218 5.18 0.118
QUICKM | BCL [4.78@ [o.808 1230 |62
AVERAGE 5.3 4.38(1)

(a) Test ABT result not measured ot this tire. -
(b) Musbers in parenthesis are exponents of 18.
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Table K5
SETTLED MASS AT 2700 SECONDS

NaOH | Nal
Blind : Blind - :
Post—”T\es{ Ratio- Posi—"?es{ Ratio
- o o to | Codeto | | Code to | Code |
CODE. | USER | (p. | Mverage | Test )| (g | Averoge | Test (0
HAA-3 | HEDL [13) @) 137 1@ 1885
HAA-4 RI/ESG | 1.09(3) . | 1.5 -1 1.81(2) 1..658
HAARM-3 | HEDL |#6.46(2 | 0.889 6.51(1) 1813 -
CONTAIN SNL 2.89( 0.268 - 1814 0.135
QUICKM BCL 65.81(2) 0.946 S 2.481) | 08.338
AVERAGE 1.264(0) 6.49(1)
(a) Test AB7 result not measured ot this time.
(b) Mumbers in parenthesis are exponents of 18.
~ Table Kb
SETTLED MASS AT 3000 SECONDS
NaOH Nal
Blind . Blind .
Posl-‘-'?es’c | Ratio Pésfl?es{. Ratio
ol [ deto | Code to | Code to | Code to. |
CODE USER (g) Aserdg(e) Test o(a) (g) iAverbgz : | Test o(o)
HAA-3 HEDL: | 1.26(3) )] 1.373 - 1 1.58(2) - | 1.834 '
HAA-4 | RI/ESG |[1.33¢3) | 1.4 o138 | 1.682
HAARM-3 | "HEDL |7.91(® |9.862 -1 8.6C1 0.998
CONTAIN SNL 2.9(2) B.316 1.4(1) 0.163
QUICKM BCL  ]9.18> | 1.008 3.41(1) 0.403
AVERAGE 9.18(0 8.614(1)

(a) Test ABT result nol measured ot this time.
(b) Numbers in parenthesis are exponents of 18.
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Table K7
SETTLED MASS AT 4200 SECONDS

NaH _ Nal
Blind L Blind .
Post-Test Ratio | post-Test Ratio
' : | Code to | Code to | Code to | Code t
CODE | USER | (o) | fverage | Tost (| (9 | hverage | Test
HAA-3 | HEDL | 1.43) O] 1.24 254@) [ 15M
HAA-4 | RIZESG |20 |1.% 262 148
HAARM-3 | HEDL | 1.8 |[0.8%8 1182 |res
CONTAIN | SNL . |87 |0.5%2 6.03(1) 0380
QUICKM | BCL |15 [1.184 9.98(1) |8.618
AVERAGE .59(3) 1,615
(a) Test AB7 result not mecsured ot this time..
(b) Nusbers in parenthesis are exponents of 10. -
Table K8 ‘
SETTLED MASS AT 7208 SECONDS
NaOH Nal
Blind Do Blind .
Post-lest | Rotie  Ipgitest | Rabio
Code e to | Codeto |- % | ode to | Code t
N [ Code to |- ,
'CODE. USER (@) Averag‘e> Test (o) (g)- Average Test o(o)
HAA-3 | HEDL |2.36(3) )| 8.987 .50 |1
HAA-4 | RI/ESG |2.613 | 1.002 13042 | 1.160
HAARM-3 | HEDL |2.14(3) | 0.885 Cl2ne |1
CONTAIN | - SNL |22 - |o.91 s |e1s
QUICKM | BCL [2.64® [1.185 2,142  [8.817
AVERAGE | 2.393) 2.622) —

(a) Test ABT result not measured at this time.

(b) Mumbers in parenthesis are exponents of 18.
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Table K9 _
SETTLED -MASS AT 10008 SECONDS

" Na0OH Nol
Blind . Blind .
Postl'?es{' o Ratio Posgi?eci Ratio
Code to | Code t Code to | Code t
CODE USER | (g Averogg Test 0(o) (g Averogz Tesio(a)
HAA-3 HEDL | 2.44(3) &) 8.933 3.262) 1182
HAA-4 | RI/ESG |2.78(3) - | 1.064 3.26(2) 1.182
HAARM-3 | - HEDL [2.38(3) 8.918 3.082) | 1.04
CONTAIN SNL | 2.55(3) 0.976 . 1253 | 0.8%
QUICKM BCL 2.9 {117 -1 2.66(2) | 0.898
AVERAGE ' 2.614(3) 2.96Q)
(o) Test ABT result not measured ot this time. -
(b) Mumbers in parenthesis are exponents of 18.
- Toble K10
SETTLED MASS AT 70008 SECONDS
‘ NaOH Nal
| Blind . Blind .
Poséje est Ratio Posl-l-?esi Ratio
= - | Code t Code t Code t Code ¢
CODE USER (g) Averogg Test o(a) (g) Averog‘e, Test 0(a)
HAA-3 HEDL | 2.51(3) &)} 8.875 3.3 8.962
HAA-4 | RI/ESG |2.913 1.036 351 1885
HAARM-3 | HEDL | 2.55() 0.889 3@ 1095 -
CONTAIN SNL 2.98(3) | 1.839 3.43(2) - |0.982
QUICKM BCL 333 [1.18 3.84(2). | 1.190
AVERAGE 2.8113) 3.492(2

(0) Test AB7 result not measured ot this tine.
(b) Mumbers in parenthesis are exponents of 10,
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Table K11
SETTLED MASS AT 100088 SECONDS

NaOH Nal
Blind .o Blind -
Posctiest Ratio Post-Test Rat o
Code to | Code t Code t Code t
CODE USER {g) Averagg Test o(o) (g) Averogg Test o(o)
HAA-3 HEDL | 2.51(3 ®)] 8.874 3.36(2) 8.858
HAA-4 | RI/ESG |2.98(3 1.838 3.51(2) 1.881
HAARM-3 | HEDL |2.55(3 0.888 3R 8.047
CONTAIN | SNL |2.99(® 1,041 3.46(2 0.987
QUICKM | BCL 3.3303 1.159 3.88(2) 1.107
AVERAGE 2.872(3) 351
(a) Test AB7 result not measured at this time.
(b) Munbers in parenthesis are exponents of 18.
Table K12 —
SETTLED MASS AT 200009 SECONDS
NaOH . Nal
Blind : Blind .
Posi-:Tesi Ratio Pos{-,-?es{ Ratio
e Code to | Code t Foce Code to | Code t
, . 0 0
CODE USER | (@ Averogg Test (o) (g) Average | . Test o(b)
HAA-3 HEDL 2.51(3) ()] 0.873 8.93% 3.36(2) 0.954 8.812
HAA-4 | RIJESG | 2.98(3) 1,036 I.118 3.52(2) 0.908 0.850
HAARM-3 | HEDL |2.55(3) 8.887 0.950 3.3202) 09.943 0.882
CONTAIN | SNL 3(3) 1.043 1.118 3.49(2) 0.991 0.843
QUICKM | BCL - ]3.343 |1.161 .24 3.200 | 1.413 0.947
AVERAGE 2.88( 1.012 3.52(2) 8.851

(a) Test ABT result for NaOH = 2.684(3) + 2.7(2)

(b) Test ABT result for NaI = 4.14(2) + 4.1(1)
(c) Nunbers in parenthesis are exponents of 18.
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APPENDIX L

CODE COMPARISONS.OF PLATED MASS
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- Table L1
PLATED MASS AT 688 SECONDS

NaOH Nal
Pozé-'?gsl Rot io - BI ind RO{'. io

Post-Test

Code to | Code ¢ Code to | Code ¢
CODE | USER | (9 | Average | Test @) (g | Average | Test

HAA-3 | HEDL | 1.4 &) 2.315

HAA-4 | RI/ESG |8.65 0.187

HAARM-3 | HEDL |1.89@ 2514

CONTAIN | OSNL 1493 9.960

QUICKM | BCL [2.68C¢-1) | 8.084
AVERAGE 1.82(1) |

(a) Test AB7 result not measured ot this time.
(b) Numbers in parenthesis are exponents of 18.

Table L2
PLATED MASS AT 908 SECONDS
NaOH e Nal
Blind | . Blind :
Poséjees{ Ratio Postl'rf‘ecl Ratio
Code to | Code t Code to | Code t
CODE | USER | (@ | Average | Test )| (g | Averoge | Test (o
HAA-3 | HEDL 2.2 ®)f 2518 9.41-1) |3.055
HAA-4 | RI/ESG |1.26¢) |@.17 , 431 |0.148
HAARM-3 | HEDL [2.490 | 2.365 5.19¢-1) | 1.685
CONTAIN | SNL |6.65 1 6.85 2.71-2) |6.89
QUICKM | BCL |4.24¢-1) | 0.004 2.82(-) | 0.089
AVERAGE 18812 3.88(-1)

(o) Test AB7 result nol measured ot this time.
(b) Mumbers in parenthesis are exponents of 18.
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Table L3
PLATED MASS AT 1888 SECONDS

NaOH Nal
Bl ind . Bl ind :
Posclje est Roh o Post-{?es{ Ratio
Code t Code t Code t Code t
CODE | USER | (p | fverage | Toot @ (@ | hverage | Test @
- HAA-3 HEDL | 4.8 &) 2.715 .1 8.62 -3.683
HAA-4 | RI/ESG |2.2601) 0.143 5.19¢-1) | 9.186
HAARM-3 | HEDL |3.28( | 2.88f 4.48 1,682
[CONTAIN | SNL |88 |oks 35¢1) [ 0.116
QUICKM BCL 1.12(-1) | 8.885 3.66(-2 |8.813
AVERAGE 1.58(2 2.8
(a) Test ABT result not measured ot this time.
(b Mumbers in parenthesis are exponents of 10.
Table L4
PLATED MASS AT 2400 ’SECONDS
NaOH ' Nal
Blind . Blind .
Poséje est _ Rati 0 Posi:?es{ Ratio
_ \ : Code -t Code 1o Code t Code t
CODE | USER | ¢ | Average | lest | (9 | Average | Test @
HAA-3 | HEDL 4.5 )] 2.678 L8 (2.2
| HAA-4 | RI/ESG- ] 2.68(1) 8.15] 9.48¢-1) ]0.218
HAARM=3 | HEDL [361@ [2.188 B2 | 188
CONTAIN | SNL | 1.83C1 0.868 6.54¢-1D. | 0.151
QUICKM | BCL 8.39C-1) |0.885 152(-2) |6.e17
- AVERAGE } L2 434

() Test AB7 result not measured ot this time.
(b) Mumbers in parenthesis are exponents of 18.
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Table L5

PLATED MASS AT 2708 SECONDS

" NoOH Nal
Pt Test Ratio Pl Tt Ratio
Code Code t Code t Code Code t Code t
CODE USER (g) Averog: Test o(o)' - (@ Averag: Test o(o)
HAA-3 | HEDL | 4.660 ®)f 2.6 KIIOREE: |
HAA-4 | RI/ESG | 2.84(1) 0.161 AR 1 8.227
HAARM-3 | HEDL |3.55(® 2128 11.8201) 2.1
CONTAIN | SNL 1.681) 0.861 8.18(-1) | 8.1
QUICKM BCL 8.9(-1) 8.985 9532 |8.019
AVERAGE 1,763 5.1
(a) Test AB7 result nol measured ot this tine.
(b) Mumbers in parenthesis are exponents of 18.
Table L6
PLATED MASS AT 3008 SECONDS
NaOH Nal
Blind : Blind .
Pos(':[jeesi ' Ratio -Posl-l-?es[ Ratio
Code t Code t Code t Code t
CODE USER (g) Averagz Test o(o)' (g) Averagz Test o(o)
HAA-3 | HEDL | 4.20 G)f 2.6 LA o |
HAA-4 | RI/ESG |2.91(1) 8.165 R {8.234
HAARM-3 | HEDL |3.81 2.148 1.18(1) | 2.094
CONTAIN | SNL . ]1.13D 0.063 8.5(-1) - :10.169
QUICKM BCL J9.MCD |0.065 1.120-1) 10.028
AVERAGE 11.8020) 5.64 |

() Test ABT result not measured ot this tfne.
(b) Nubers in parenthesis are exponents of 18.

L-4




Toble L7
PLATED MASS AT 4208 SECONDS

" NaOH NoI
Blind . Blind .
PostTest | Robio  lpogiest | Ratio
Code fo | Code t | Code to | Code t
CODE | USER | (9 | hveroge | lest @) (o) | hvarcge | Test o
HAA-3 HEDL | 4.8 G)] 2,55 41881 2.2
HAA-4 | RIZESG [3.310 |8.am 117 8.240
HAARM-3 | HEDL [4.180 |2.283 1.63(1) | 2.3%
CONTAIN | SNL [1aay  [e.687 K 0.187
QUICKM | BCL |16 .88 1150 Tomm
AVERAGE | 1.802Q) - 1.9
(o) Tost ABT result not mecsured ot this time.
(b) Numbers in parenthesis are exponents of 18.
Table L8
PLATED MASS AT 7208 SECONDS -
NoOH NoI
Bl ind . Bl ind .
Posi-'Tes{ Ratio - Pos[l?es{ Ratio
| ' Fode Code to | Code t Foce Code to | Code t
o .
CODE | USER | (p) | lAverage | Test )| (@ | dvercge | Test )]
HAA-3 HEDL | 4.940) ®)) 2.478 e | 283
"HAA-4 | RI/ESG-]3.64() [9.183 219 | 0.8
HAARM-3 | HEDL | 4510 | 2.8 12.88) |2.47
CONTAIN | SNL 188y [o.6m 179 2.213
QuICk | BCL [1.3 .88 221-1) | 9.627
AVERAGE 11,8840 8.422

(o) Test AB7 result not measured ot this time.
(b) Nunbers in parenthesis are exponents of 18,
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Table LS
PLATED MASS AT 10000 SECONDS

: NaOH Nal
Pogi'j?gsi Ratio Pogé-i-?gsi Ratio
Code Code { Code t Code Code t Code t
CODE USER (g) Avardg: Test o(a) (g) Averog: Test o(o)
HAA-3 HEDL | 4.971(0 B)] 2.454 1.75(1) |.860
HAA-4 | RI/ESG |3.74(1) 8.185 2.3 8.261
HAARM-3 | HEDL |4.62 2.281 2.23(1) 2.508
CONTAIN SNL 1.51C1) 0.875 285 (8.2
QUICKM BCL 1.3 0.887 2.66(-1) | 9.838
AVERAGE 2.83 8.89
(a) Test AB7 result not messured ot this time.
(b) Mumbers in parenihesis are exponents of 18.
Table L10
- PLATED MASS AT 70008 SECONDS
NaOH Nal
Blind . Blind .
Poséjies’t Ratio Posl-'-?es{ Ratio
Code t Code t Code t Code t
CODE USER (@ Averog: Tes’t’o(o)' @ | Averogg Tesio(o)
HAA-3 HEDL | 5.4 &) 2.42 1.868(1) 1.880 -
HAA-4 | RI/ESG |3.88(1) |8.18 251 1 0.254
HAARM-3 | HEDL 4,782 2.281 - | 2.4501) 2.416
CONTAIN SNL L.81C1) 8.887 |34 8.34
QUICKM BCL .87 9.888 4.63(-1) | 0.047
AVERAGE 2.882(2) 8.895

(o) Test AB7 result nol measured ot this time.
(b) Mumbers in parenthesis are exponents of 1.

L-6




Table LIl -
PLATED MASS AT 1008088 SECONDS

NaOH Nal
Blind . Blind .
Posc[‘;-:feesi Ratio Pos{-l-'?esi Ratio
Code t Code t Code t Code t
CODE | USER | (9 | hveroge | Jest @) (g | Average | Tost (o)
HAA-3 | HEDL [5840 ®)[2.01 L86) | 1672
HAA-4 | RI/ESG |3.89(1) | 0.187 2.51 9.253
HAARM-3 | HEDL (478> |2.2% |48 | 2.465
CONTAIN SNL 1.84(1) 0.088 359 0.36t
QUICKM BCL 1.1 0.868 4.89(-1) | 0.849
-AVERAGE 28820 9.94
(a) Test AB7 result nol measured ot this time.
(b) Mumbers in parenthesis are exponents of 10.
Table L12 |
PLATED MASS AT 200888 SECONDS
NaQH Nal
Blind : Blind .
Posct;l et Ratio P os{_'-? et Ratio
' Code t Code t Code to | Code t
CODE | USER | (o) | hverage | Test )| (g | Average | Test )
HAA-3 HEDL | 5.4 (o)f 2.428 12,145 1.86(1) | 1.868 2.018
HAA-4 | RI/ESG | 3.83(1) 8.187 0.166 2.5 8.%51 0.260
HAARM-3 | HEDL 4780 [2.26  |28%4  |2.45(1) |2.458 | 2.7%7
CONTAIN| SNL |1.81(1) 0.8% 9.888 3.86 0.386 8.431
QUICKM [ BCL- |11 9.088 9.88] 5.24(-1) ]0.882 0.859
AVERAGE 2.883Q0 8.886 18 LA

(a) Test AB7 result for NoOH = 2,35(2) + 6.8(1)
(b) Test AB7 result for Nal = 8.95(8) + 2.7(-1)
(c) Mumbers in parenthesis are exponents of 10.
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APPENDIX M

CODE COMPARISONS OF INSTANTANEOUS REMUVAL RATE
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. Table Mi
REMOVAL RATE AT 600 SECONDS

. " NaOH NaI
Blind . Blind .
Poséo-'j'\:sl Ratio Posier‘es{ Ratio
Code t Code t Code t Code t
CODE USER (s7D Averqgg Test o(o) ) Averogg Tesio(o)
HAA-3 | HEDL [ 1.64-0) B} 2.131 |
HAA-4 | RI/ESG | 2.85(-5) | 8.266
HAARM-3 | HEDL | 1.76(~) | 2.287
CONTAIN SNL 1195 | 0.1%
QUICKM BCL {.24-5) | 8.161
AVERAGE 1.1
(a) Test AB7 results not measured ot this time.
(b) Numbers in parenthesis are exponents of 10.
Table M2
REMOVAL RATE AT 98@ SECONDS
NaOH NaI
Blind : Blind .
Poséjees{ Ratio Pos{-l'?es{ Ratio
Code to | Code t Code t Code t
CODE USER (s™h) | Average Test o(o)' s™h Averog: Test o(o)
HAA-3 HEDL | 1.01¢-9) D)} 1.783 1.810-4) |1.986
HAA-4 | RI/ESG {3.33¢5) |0.588 3.33(-5) | 0.658
HAARM-3 | HEDL {6.8(¢-5) {.288 6.8(-5) .34
CONTAIN SNL
QUICKM BCL 2.43-5 10.49 145D |0.683
AVERAGE 5.610-5 5.862(-5)

(o) Test AB7 result nol measured ot this time.
(b) Mumbers in parenthesis are exponents of 18.
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Table M3
REMOVAL RATE AT 18@0 SECONDS

" NaOH . Nal
Blind . Blind .
Poséjeesi Ratio Posil‘T\wi Ratio
Code t Code t Code t Code t
CODE | USER | (o) | hveroge | Test @) G | hverage | Test @)
HAA-3 HEDL | 1.39(~4)(c)| 8.830 {264 : 1.39(f4) 9.974
HAA-4 | RI/ESG | 2.5(-4) 1.493 2.23 2.5(-4 1.753
HAARM-3 | HEDL |1.79(49) |1.8% 167 LB (1%
CONTAIN | SNL :
QUICKM BCL 1.62(~4) | 8.689 8.921 2.56(-6) |8.818
AVERAGE 1.68(~4) 153 .48
(o) Test AB7 result for NolH = 1.1(-4) + 2.2(-0)
(b) Test ABI result for Nal not neasured ot this tine.
(c) Mumbers in parenthesis are exponents of 10.
Table H4
REMOVAL RATE AT 2400 SECONDS
NaOH Nal
Blind. . Blind .
Poséjees{ Roﬁ: o Pos{l"f\esf ‘ Ratio
' 0 | Code to | Codeto | Code to | Code t
'CODE VUSER - (s_"l) Average Test o(o)i s Average Test oG») :
HAA-3 | -HEDL | 5.54(-4)(c)[-1.554 4.4% 5544 | 1.785
| HAA‘-4_ ‘RI/ZESG |4.29 |1.184 3.316 L2 ]1.38
HAARM-3 |  HEDL | 2.5(% 8.761 2.008 2.5(-4) 0.818
CONTAIN | SNL | .
QUICKM BCL 2(-4) 8.561 1.669 8.21(-68) |9.87
AVERAGE 3.51-49) 2.852 3.09(-4)

(o) Test AB7 result for NoOH = 1 25(-4) + 2. 5(—5)
(b) Test BT result for Nol not peasured ot this Line.
(c) Mumbers in parenthesis are exponents of 18.
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Table M5
REMOVAL RATE AT 27080 SECONDS

NaOH Nol
- Blind . Blind .
Post-Test Ratio Poscfiil!eest Ratio
Code to | Code t Code t Code {
CODE USER ) Averog: Test o(a) ) Averag: Test o(b)
HAA-3 HEDL | 5.94(4) (c)] 1.544 4.891 5.944) | 1.824
HAA-4 | RI/ESG |4.0(4) - | 1.148 3.048 4249 11.3%]
HAARM-3 | HEDL | 2.54(-4) | 8.668 1.1%2 2.54-4) {0.78
CONTAIN | SNL
QUICKM BCL | 2.4 |0.647 1.1 1.21(-5) | 9.638
AVERAGE | 3.85(-4) 2.653 3.26(-4) -
(o) Test ABI result for NaOH = {.45(-4) + 2.9(-5)
(b) Test AB7 result for Nal nol measured ot this time.
(c) Musbers in parenthesis are exponents of 1.
Table M6
‘REHUVA_I_. RATE AT 3088 SECONDS
NaOH " : Nal
Blind _ " Blind .
Posi-Test | Ratio  Ipyifegt | Ratio
e et | Caoto | | todo to | Codo
CODE | USER | ) | hverage | Teet (| G~ | Average | Test
A3 | HEDL |6.80 | LS |35%  |6.8c0 1.8 - [16.05
HAA-4 | RI/ESG | 4.56(~4) |1.109 2.5 1 4.56(-4). - | 1.311 11.488
HAARM-3 | HEDL | 2.75(-4) | 8.663 1.528 254 |0.791 . | 6875
CONTAIN | SNL '
QUICKM BCL 2.84(-4) | 0.68% 1.518 1.735) |0.659 0.483
AVERAGE 4.15(-4) 2.383 3.48(-4) ' 8.686

() Test ABT result for NolH = 1.80¢-4).+ 1.8(-5)
(b) Test ABT result for NaI = 4.8(-5) + 1.5(-6)
(c) Nusbers in parenthesis are exponents of 18.
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~ Toble M7 -
REMOVAL RATE AT 42088 SECONDS

NaOH NoI
Blind . | Blind ,
Pool-Test | Robio  lpgieqt | Robio
b 1 doto | Codoto | [ Codo to | Codo |
- CODE USER N Averogg 1 Test 0(o) D Averog: Test o(b)
HAA-3 | HEDL [5.06(-H () 1.452° | 2.838 ° |5.86(H |1.78 7.4
HAA-4 | RI/ESG | 4.88(~4) | 0.894 1043|4084 [1.18  [5.38
HAARM-3 | HEDL |3.41(-4) |0.8% 1.652 3.41-4) | 1.8 4,566
CONTAIN | SNL
QUICKM | BCL 2014 [0.788 | 1.386 2.81(5) | 0.883 9.378
AVERAGE | A {855 3.45(~4) 4.538
(a) Test ABT result for NoOH = 2.1(-4) + 4.2(-5)
(b) Test ABT result for NI = 7.6(-5) + 1.5(-5)
(c) Nuabers in parenthesis are exponenl‘s““df"lﬁ. o
| Table M8
REMOVAL RATE AT 7208 SECONDS
NoOH  ~ Nal
Blind - Blind ,
Past-Test Ratio  |pogf-Test Ratio
Code oo to | Codobo | | codoto | Code t
o |
CODE USER ) AVerogg Test | D Averog: Test o(b)'
HAA-3 | HEDL [3.214) |11 [2.188  |3.20¢H 1.3 2913
HAA-4 | RI/ESG |2.57c-4) |0.87  |113  |2.50CH |1.616 - |2.3%
HAARM-3 | HEDL [3.684) | 1.8 2.281 3.434) | 1.43 3.118
CONTAIN | SNL |
QUICKM | BOL |LIcH |6.6% 1133 2.88(-5) | 8.1 0.260
AVERAGE 2.16(-4) 1.828 2.39(-4) 2.1

(o) Test ABT result for NalH = |.58(-4) t 2.0(-5)
(b) Test BT result for Nl = 1.18(-4) + 2.2(-5)
(c) Muabers in parenthesis are exponents of 18.
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.Table MS

REMOVAL RATE AT {08008 SECONDS

NaOH Nal
Blind : Blind .
Poséjees[ Ratio Pos{-'-?esf Ratio
Code to | Code t Code to | Code fo
CODE | USER | ™) | hverage | Tost G G~ | Avercge | Test )
HAA-3 HEDL [ 2.26(-4) Ce)] 1,123 780 2.6(-4) | 1.278 2.1
HAA-4 | RI/ESG |1.85(~4) |8.818 |.457 1.85(-4) |1.839 .16
HAARM-3 | HEDL (2764 131 |28 2.16(-4) | 1.551 2.628
CONTAIN | SNL -
QUICKM BCL [.18C-4) |0.58 8.929 2.43(5) | 8.148 0.231
AVERAGE 2.813-4) 1.585 1.8~ 1.665
() Test ABT result for NaBH = 1.27(-4) + 2.5(-5)
(b) Test ABT resuft for NoI = 1.85(~4) + 2.1(-5)
(c) Mumbers in parenthesis are exponents of 18.
| Table M0
REMOVAL RATE AT 78088 SECONDS
NaOH - Nal
Blind : Blind :
Poséﬁees{ Ratio Posfl?es{ Ratio
Code to | Code t Code to | Code t
CODE USER (7D 'Averag: Test o(o)' s~h Averag: Test o(b)
HAA-3 HEDL | 5.7¢-5) (o) 1.214 154 5.1(5) |34 .12
HAA-4 | RI/ESG |3.62(-5) |0.889 0.918 3.82(-0) -] 0.84 .89
HAARM-3 | HEDL | 6.71(5) | 1.408 [.814 6.71(-5) | .58 2.833
CONTAIN | SNL ' -
QUICKM BCL ] 1.87¢5) [8.48 6.585 946 (028  108.283
AVERAGE 4.48(-5) |.268 4 241(-5) [.285

(a) Test ABT result for Na0H = 3.7(-5) # 7.5(-6)
(b) Test ABT result for NoI = 3.3(-5) ¢ 6.6(-6)
(c) Musbers in parenthesis are exponents of 18.
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Table Mf!
REMOVAL RATE AT 100@80 SECONDS

NaOH NoI
Blind N | Blind :
poct-lest | Robio  |pogifeet | Robio
Codo 1ot | Codoto | ™ | Codo to | Codo ¢
CODE USER (s7h Averog: Test o(«1) sh Averagg Test ‘o(b)
HAA-3 | HEDL |[5.15(5) @[ 1.5% 148! 5.05(5) | 1.5 2.146
HAA-4 | RI/ESG [2.6665 [e10 |11 286(5) | 0.3 1182
HAARM-3 | HEDL [5.8¢5) [15%5 |23 5.89(-5) | 1.618 2,49
CONTAIN | SNL | |
QUICKM | BCL |1.415) |0.3% 850  |s@m-6) 828  |em
AVERAGE [ 3.88365) 142 (385 .56
(o) Tost BT result for NoOH = 2.6(-5) + 5.2(-6)
(b) Test ABT result for NaI = 2.4(-5) + 4.8(-6)
(c) Musbers in parenthesis are exponents of 18. ~ — -
| Table MI2 -
REMOVAL RATE AT 200000 SECONDS
NaOH | NaI
Blind . Blind .
Poct-lest | Rob1o  Ipogifest | Ratio
Code e to | Code to | [ ode to | Code t
’ (4]
CODE USER (e | Average | Test ) (D) | Average | Test G
HAA-3 | HEDL | 4.19(-5)Cc) 1.388 332 4195 |1.3% 3.551
HAA-4 | RI/ESG [1.79¢5) [e.5& .42 {795 |8.58 517
HAARM-3 | HEDL [5.41%) |1.78 438 SAIE) | 1.886 4585
CONTAIN | SNL :
QUICKM | BCL [18®) 0.2 = |easw 59(-8) | 8.107 8.500
AVERAGE 3.04(-5) 2.418 -5) 2.5%8

(a) Test AB result for NolH = 1.25(-5) ¢ 3.7(-6)
(b) Test ABT result fde Nal = 1.18(-5) ¢ 3.5(-6)
(c) Musbers in parenthesis are exponents of 18.
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