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Summary 

A pilot-scale study was performed to simulate conditions anticipated during sluicing operations 
to retrieve waste in single-shell Tank 241-C-106 at the U.S. Department of Energy’s Hanford Site in 
southeastern Washington. The objective of the study was to identify and characterize the potential 
aerosol source term at the inlet of the headspace exhaust ventilation system during sluicing opera- 
tions. The information is needed to support decisions for components to be used in the full-scale 
operation. A secondary objective was to qualitatively evaluate the visibility during sluicing. 

Three simulated sluicing tests were performed in the 336 Building’s quarter-scale waste tank 
facility located at Hanford. Scaling relationships were used to guide modifications to the quarter- 
scale tank to accommodate tests that simulated tank geometry, sluicing, and ventilation conditions in 
the full-scale tank. Simulated sluicing fluids were targeted on solid and liquid surfaces during the 
tests. Test conditions were monitored, and aerosol measurements were made in the offgas ventilation 
duct. Also during the tests, an in-tank camera was used to monitor visibility. 

During the three tests, steady aerosol concentrations were reached within 90 minutes and 
remained constant thereafter. Table 1 shows test results and extrapolation to the full-scale sluicing 
operation. Results indicate that changing the impact target made’little difference in the aerosol 
concentration. However, adding clay (Test T03) to the sluicing fluid increased the concentration of 
sodium chloride aerosol. Compared with salt, the clay itself was underrepresented in the aerosol, 
possibly because larger clay particles or agglomerates would have been less likely to be incorporated 
in small aerosol particles. The wet particle sizes in the aerosol were found to be widely distributed, 
with particles smaller than 1 pm contributing 10 to 20% of the mass concentration and particles 
larger than 10 pm contributing 60 to 70%. 

Based on results of the pilot-scale tests, and using an estimated (assumed) full-scale sluicing 
fluid composition of 10 wt% soluble and 10 wt% insoluble solids, the aerosol concentration expected 
in Tank C-106 is 38 mum3 soluble solids and 17 mum3 insoluble solids. The total wet aerosol mass 
is expected to be approximately 360 mdm3 if assumptions regarding headspace humidity (essentially 
saturated) and the ratio of solids to water are sufficient. A wide size distribution of particles is 
expected in the exhaust flow from the full-scale tank, with particles less than 1 pm contributing 
roughly 20% of the mass concentration and particles larger than 10 pm contributing 60%. 

Table 1. Aerosol Concentrations in the Offgases of Pilot-Scale Sluicing Tests (Measured) and 
Predicted Full-scale Operations (Estimated). Solids concentrations equal mass of 
solids per mass of sluny. . 

Slum Composition. wt% r g r n 3 )  

lksmsL Soluble Insoluble Soluble Insoluble l32IUw 

TO 1 4.8 NA 10.6 f 0.5 NA 220 
TO2 4.8 NA 10.5 f 0.4 NA 220 
TO3 4.4 8.9 15.1 f 0.4 14.1 f 0.7 330 

Pilot-Scale Studv (Measured) 

Full -Scale Omration (Estim atedl 
NA 10 10 38 17 360 
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1.0 Introduction 

Tank C-106, a 2,020,000-L (533,000-gal) dished-bottom, single-shell tank (SST), contains 9Wr- 
rich heat-generating sludge. The scope of Project W-320 is to mobilize and remove heat-generating 
sludge from Tank 241-C-106 (C-106) using past-practice sluicing. During sluicing, a concern exists 
that high aerosol concentrations could produce excessive radioactive contamination in the offgas 
treatment system. There is also a concern that the aerosols may hinder visibility and hinder effective 
aiming of the sluice jet. To address these concerns, Westinghouse Hanford Company (WHC) asked 
Pacific Northwest Laboratory (PNL)W to conduct the studies described here. 

To perform the past-practice sluicing of Tank C-106, plans call for supernatant from AY-101 
to be transferred to AY-102 and used as the sluice fluid in C-106;@) after sluicing, the slurry will be 
returned to AY-102 to settle. Most of the heating is produced by9oSr in the top 655,000 L 
(173,000 gal) of sludge. The depth of waste in C-106 is 1.7 to 2.0 rn (5.6 to 6.6 ft), and the height 
of the vapor space is 3.8 to 7.9 m (12.5 to 25.9 ft). In both cases, the greater dimensions are at the 
center of the tank. Past practice suggests that sluicing operations will create an aerosol in the vapor 
space of C-106. Aerosols may be generated by the interaction of the sluicing jets with head space air, 
tank li,quid or sludge and solid tank surfaces. The characteristics of the aerosol observed within the 
vapor space will depend on the generation rate, particle size distribution and settling rate, and ventila- 
tion system operation. Aerosols may impair aiming of the sluicing nozzle by degrading visibility 
within the tank or may deliver unacceptable radionuclide loadings to the ventilation system. Similar 
issues related to the waste retrieval operations are of concern to other projects (W-211 and tank farm 
upgrade projects such as W-061). 

The objective of this study was to provide estimates of the concentrations of soluble and insolu- 
ble aerosols that might occur during sluicing of Tank C-106 and to provide information on possible 
visibility problems. The information generated by the testing includes the amount of soluble and 
insoluble solids contained in the aerosols leaving the tank and the size distribution of these aerosols. 
The primary objectives of this task were to provide estimates of: 1) the mass loading of soluble mate- 
rial leaving the Tank C-106 during sluicing; 2) the mass loading of insoluble solids leaving the 
Tank C-106 during sluicing; 3) the expected particle size distribution of aerosols leaving the 
Tank C-106 during sluicing. Also, as a secondary concern, the visibility within the tank during 
sluicing was evaluated using an in-tank camera to view different sized targets.W 

Section 2.0 of this report describes materials and methods used to conduct the tests. Results are 
presented in Section 3.0, and conclusions are described in Section 4.0. 

(a) 

(b) 
(c) 

Pacific Northwest Laboratory is operated for the U.S. DOE by Battelle Memorial Institute under 
Contract DE-AC06-76RLO 1830. ' 

Current plans (January 1995) call for the use of buffered water to sluice waste in Tank C-106. 
Beckette, M. R. 1994. Test Plan for  Technical Support for Project W-320, Sluicing Retrieval 
fo r  Tank 241-C-106. Pacific Northwest Laboratory, Richland, Washington. 
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2.0 Materials and Methods 

Preparations to simulate sluicing operations in Tank C-106 involved determining scaling factors 
that would allow use of the (modified) quarter-scale double-shell waste tank facility located in the 
336 Building. After initial plans were completed, the facility was modified, and tests were performed. 
The following sections explain the experimental conditions that existed during testing. Details on 
scaling, testing, sampling, and data collection are provided. 

2.1 Scaling Relationships 

Scaling relationships were identified that allowed the quarter-scale tank to be used in the current 
study. The tank (spatial), sluicing jet (aerosol), and ventilation flows (mixing, residence time) were 
scaled to represent 'conditions expected to exist in C-106 during sluicing operations. Based on these 
relationships, information was developed that allows the test results to be used to estimate aerosol con- 
centrations produced during actual full-scale operations that may include sluicing solutions with 
compositions other than those tested. 

2.1.1 One-Quarter Scale Tank 

The spatial relationships within the tank were determined using linear geometric scaling to 
obtain a one-quarter scale model of Tank C-106. To simulate the smaller height of the head space 
in a single-shell tank like C-106, a false floor was installed at a height of 180 cm (5.9 fi) above the 
floor. (The quatter-scale facility was designed to simulate double-shell tanks which are twice as tall 
as single-shell tanks.) This height was determined based on the smaller volume of Tank C-106 com- 
pared to a double shell tank, 2,020,000 L (533,000 gal) vs 3,790,000 L (1,000,OOO gal), and the 
volume of Tank C-106 occupied by sludge. The sludge was included in this calculation because it 
was anticipated that a smallcr head space would result in higher concentrations and thus would be the 
more conservative case. The contour formed by the scaled dome did not match the scaled contour of 
Tank C-106. However, the change in elevation from the top of the dome to the point at which curva- 
ture started was similar, and the differences were not thought to be significant. 

The locations of the risers in the scale model did not correspond exactly with the locations at 
which components such as the air introduction, air removal, in-tank camera, and sluice jet penetrated 
the tank. Components were positioned as close to the desired locations as possible using the existing 
risers. 

2.1.2 Sluice Jet/Aerosol Source 

The sluice jet was scaled by matching the exit velocity and scaling the nozzle geometrically. 
This resulted in a liquid flow which was one-sixteenth of the full-scale flow. Exit velocity was 
matched to provide the same relative velocity of the jet to the air and approximately the same 
momentum and kinetic energy per unit volume of sluice fluid. Assuming the aerosol generation rate 
is proportional to the sluice jet flow volume, the generation rate at pilot-scale on a per-unit-volume of 
head space basis, was 64 + 16 or four times greater than at full-scale. However, the reduction in 
number concentration as a result of settling from a relatively well-mixed vessel is inversely propor- 
tional to the height of the tank. If the same uniform concentration is assumed to exist in each tank at 
steady state, the settling loss per unit volume would be four times greater in the quarter-scale tank. 
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Therefore, the difference in generation rate per unit volume is approximately compensated for by the 
settling loss, and aerosol concentrations are expected to be comparable between pilot and full scale. 

It was realized that aerosol generation would be possible from the interaction of the sluice jet 
with both the air and the target. It was believed the target interaction was the more significant. How- 
ever, if the jet is pictured as a cylinder with a diameter (D) matching the diameter of the jet exit, a 
length to the impact point (L), and volume flow rate (Q), the comparison between quarter scale and 
full scale is the same as that obtained based on flow volume alone (Le., xDL/Q at the quarter scale 
compared with [n: x 4D x 4L + 6441 or nDL/4Q at full scale, resulting in one-fourth the generation 
rate per volume during full-scale versus pilot-scale operation). 

Secondary breakup of droplets into smaller droplets contributes to the aerosol concentration by 
producing aerosols with small droplet sizes, reducing the settling velocity, and increasing the time 
over which the aerosol remains suspended in the air. Experimental data reported in the literature 
leads to a critical condition for the maximum droplet size that can resist secondary breakup as follows 
(Orr 1966): 

where D = droplet diameter 
0 = surface tension of the liquid 

pg = density ofthe gas 
U, = velocity of droplet relative to air. 

This equation can be used to assess the effect of key variables on the aerosol generation from 
secondary breakup. The exit velocity of the jets was matched, so the relative velocity in pilot and full 
scale should be approximately the same at both scales. The density of the gas is affected by tempera- 
ture, pressure, and humidity. Under a set of assumed conditions,W the density of the gas in the pilot- 
scale is expected to have been about 8% greater than what will be seen in the full-scale tank. A 
higher gas density should result in smaller aerosols, and thus, provide a conservatively high result in 
the test. The effects on surface tension are slightly more complex and are divided below into solute 
effects and temperature effects: 

Solute Effect--Tank AY-IO1 supernate is a possible sluice fluid for Tank C-106. 

Surface tension measurements of AY-IO1 are not available. However, based on the composi- 
tion, an approximate value can be estimated. Representing the AY-IO1 composition@) as 
3.1 wt% Na2C03, 7.8 wt% NaN03, 3.35 wt% NaOH and treating the surface tension effects as 
additive, leads to an estimated 6.3% increase in surface tension above that of water. The 5 wt% 
NaCl solution on the other hand, would be expected to have a surface tension 2.25% higher 
than water (based on data at 2OOC). 

(a) 

(b) 

Assuming 5 in. vacuum at full scale, no vacuum at pilot scale, 400 in. atmospheric pressure, 
25°C pilot scale, 40°C at full scale, saturated conditions at both scales, and neglecting effects of 
salts on vapor pressure. 
Based on a 4/87 analysis of AY-101 with 19,740 mg/l C03, 63,860 mg/l NO3, 14,977 mg/l OH. 
Other analytes, including 6,480 mg/l TOC, were neglected. 

2.2 



TemDerature Effect--Assuming a temperature that is 15°C higher in the full-scale results in a 
surface tension that is lowered by 3.35% (based on data for water at 40°C vs 25°C). 

Overall, the surface tension effect is -6.3% + 3.35% + 2.25% = -0.7%; therefore, the surface 
tension of the simulant would be expected to be approximately 1% lower than the actual sluice fluid, 
which should not have any significant effect. 

Other variables that may have an effect include the viscosity and density of the sluice fluid, 
The density of the actual sluice fluid will be about 8% greater than the pilot-scale sluice stream.(a) 
The increased density would be expected to increase the terminal velocity for a given size aerosol 
droplet, which would tend to make the pilot-scale test consekative. The effect of the density on the 
aerosol generation rate is uncertain. 

The liquid viscosity of the pilot-scale sluice system is expected to be lower despite the lower 
temperature. The lower liquid viscosity in the pilot-scale is believed to be conservative. 

2.1.3 Ventilation 

Ventilation flow in the quarter-scale tank was scaled to provide similar mixing and air-exchange 
rates (residence) times. A ventilation flow rate of 480 sLpm (17 scfin), compared with the normal 
full-scale flow rate of 30,900 sLpm (logo), was selected for the tests, based on the'ratio of head-space 
volume between the scaled tank and Tank C-106 (1090 + 43 = 17 scfm). 

The ventilation flow rate was removed from the scaled tank using a right-cylindrical ventilation 
duct that penetrated 61 cm (24 in.) below the elevation of a riser to draw air from the same relative 
elevation as it will be drawn from Tank C-106. However, the point at which the ventilation flow is 
planned to be withdrawn from Tank C-106 is actually closer to the tank wall. 

The diameter of the ventilation exhaust duct in the scaled tank also vaned from that planned to 
be used in Tank C-106. In the full-scale tank, the total ventilation flow normally exits the tank 
through a 62-cm (24.4-in.) riser. If the ventilation exit had been scaled geometrically, it would have 
resulted in an exit ventilation duct of roughly 15.25 cm (6 in.) diameter. However, because the 
ventilation flow was scaled based on a volumetric criteria, this would have resulted in a velocity of 
43 cm/s in the scaled tank compared with the C-106 velocity of 171 cm/s. This scaled exhaust 
velocity would allow entrainment of droplets as large as 140 pm (unit density) compared to 420 pm 
at the full scale. On the other hand, scaling by matching the exit velocity would have resulted in a 
line size of approximately 7.6 cm (3 in.). The higher velocity in the smaller line size, however, 
created a concern that larger particles might be lost either at the entrance or in transit prior to sam- 
pling. As a compromise, a 10.8-cm (4.25-in.) line size was selected. This provided a velocity of 
98 cm/s, which is sufficient to entrain up to 280 pm mist droplets. In addition, the centrifugal force 
on the 46-cm radius, 90' bends in the ventilation duct upstream of the aerosol samplers was only 
0.16 G compared with 0.49 G for a 7.6-cm (3-in.) line, reducing the inertial loss of entrained 
droplets. 

The introduction of air to the quarter-scale tank through a 4.3-cm (1.68 in.) nozzle was 
selected based on a full-scale flow of 24,300 sLpm (860 scfm) passing through a 30.5 cm (12 in.) 

~~~ ~ ~ 

(a) The density comparison was made between Tank 
addition (1.120 g/cm3) and 5 wt% NaCl in water. 
comparison. 
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pipe. The inlet was positioned at a distance of 127 cm (50 in.) below the top of the west nser (two- 
thirds of the maximum distance above the false floor). Matching the exit velocity, and assuming the 
entire 480 sLpm (17 scfm) enters through the air introduction point, results in a diameter of 4.3 cm 
(1.69 in.), which is approximately the diameter of a 1.5-in. schedule 10 pipe or 4.3 cm (1.7 in.). If 
all air had been introduced through a 4.3-cm (1.7-in.) I.D. nozzle, the pressure drop and resulting 
vacuum within the tank during operation would have been on the order of 0.93 torr (0.5 in.) HzO) 
Inleakage from other locations in the tank is expected to have reduced this vacuum. 

2.1.4 Interpretation of Results 

Based on the scaling relationships discussed, an attempt was made to produce a one-to-one 
correspondence between the aerosol concentration (expressed as volume of aerosol particles per 
volume offgas, before any drying) in the pilot- and full-scale operations. In addition, the physical 
particle sizes are expected to scale approximately one-to-one (wet basis) between pilot- and full-scale. 
There may be some difference between the slurry and aerosol concentration of insoluble and soluble 
solids, especially in the very fine particle sizes. The following approach is recommended for scaling 
the experimental results to the expectations for Tank C-106, presuming similar headspace relative 
humidities exist (below). 

TeStsolmg * c106sol wt% 

m3 air Pslurry test 

X s o l  = [ m3air Tests w t% 

Testinsol mg * insol wt')[ pslurry C106] 
Testinsol wt% 

where Xrd = 
xs01 = 

Xins01 = 
Testsol mg = 

ClO6,,1 wt% = 
Test,lwt% = 
Testinsol mg = 

ClOQnsol wt% = 
Testinsol wt% = 

PSl"rryC106 = 
Pslurrytesr = 

total mg/m3 (dry aerosol basis) expected in Tank C-106 
mg/m3 (dry aerosol basis) of soluble aerosol in Tank C-106 
mg/m3 (dry aerosol basis) of insoluble aerosol in Tank C-106 
g of soluble aerosols in test (dry basis per m3 air) 
wt% soluble in Tank C-106 sluice stream 
wt% soluble in pilot scale test sluice stream 
mg of insoluble aerosols in test (dry basis per m3 air) 
wt% insoluble solids in Tank C-106 sluice stream 
wt% insoluble solids in test sluice stream 
slurry density of sluice stream in Tank C-106 
slurry density of test fluid. 

To estimate the wet aerosol mass, add to this the mass of water that is associated with the soluble 
fraction of the aerosol. This is expressed as: 

Xsol* C106 H,OwtO/o 

c106 sol WtYO X w = 'sol + X insol + 

where Xt, is the total mg/m3 (wet aerosol basis) expected in Tank (2-106 and C-106 H20 wt% is 
weight percent water in the Tank C-106 sluice stream. 
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It is recognized that there, are factors introducing some conservatism that may bias the pilot- 
sc&e test results high (producing greater aerosol concentrations in the scaled tests). However, the 
uncertainty is large enough that quantitative adjustment of observations based on test parameters is 
not justified. For purposes of this document, the sluice stream in Tank C-106 was assumed to be 
10 wt% soluble solids, 10 wt% insoluble solids, and 80 wt% water. The C-106 sluice stream specific 
gravity was estimated to be 1.19 (AY-101 supernate specific gravity of 1.12 with 10 wt% solids 
having specific gravity of 2.5), and the specific gravity of the pilot-scale slurry in Test TO3 was 1.09 
(containing 4.4 wt% soluble solids and 8.9 wt% insoluble solids). For purposes of estimating full- 
scale conditions, the slurry densities were taken as representative of wet aerosol particle densities. 
Because insoluble particles may be underrepresented in the aerosol, this assumption may introduce 
minor errors. In addition, the composition and density values affect the estimate of the aerosol 
concentration in Tank C-106 during sluicing. 

The relative humidity that will be experienced during sluicing is not known. Estimates of the 
expected in-tank relative humidity, without sluicing, range from about 55% to near 100% (Appe- 
ndix A). It is speculated, but not proven, that the relative humidity in the tank headspace during 
sluicing operations would exceed that during normal operations. The relative humidity observed 
during scaled sluicing tests was near saturation. If, for some reason, the relative humidity in the tank 
headspace during sluicing is lower@ than that during scaled testing (nearly saturated), shrinkage of 
aerosol particles would occur. This would result in decreased settling velocity and increased concen- 
tration of suspended radionuclides. The extent of aerosol shrinkage is limited by the increase in 
ionic strength of the aerosol droplets as the water evaporates. Calculations performed to evaluate this 
effect for AY-101 supernate indicated that the effect would be very small at high humidities (8% 
reduction in aerodynamic diameter at 90% relative humidity) and greater at low humidities (up to 
37% reduction in aerodynamic diameter at 40% relative humidity). Particle shrinkage under condi- 
tions bracketed by these two cases could cause increases in aerosol concentration@) ranging between 
about 1.2- and 2.6-fold, respectively, compared to the aerodynamic sizes upon generation. The 
Kelvin effect was investigated and found to be negligible for aerosols greater than 1 pm diameter and 
of minor significance down to 0.1 pm. 

For a dilute sluice solution, the extent of shrinkage is expected to be greater. Calculations 
indicated that aerosols of a very dilute (0.05 M NaOH, 0.01 1 M NaN02) solution could experience 
81% reduction in aerodynamic size at 40% relative humidity. Although this implies a 28-fold 
increase over the concentration predicted using the initial aerosol sizes, a dilute solution would also 
contain lower radionuclide concentrations such that the increase would be 28 times a relatively 
small quantityk). Droplets that contain significant quantities of radionuclides will also contain 
sludge interstitial salt solution, which will reduce the amount of shrinkage. For example, droplets 

Lower to an extent greater than the difference in vapor pressure depression caused by the ionic 
strength of the two sluicing solutions. At equal relative humidities the full-scale aerosol par- 
ticles would be larger, resulting in lower concentrations of suspended radionuclides. 
For aerosol particles in the size range of interest, settling velocity is proportional to the square 
of the aerodynamic diameter. If the aerosol concentration is assumed to be inversely pro- 
portional to the settling velocity, it follows that aerosol concentration is inversely proportional 
to the square of aerodynamic diameter. The validity of this relationship has not been 
demonstrated. 
Aerosol droplets that contain radionuclides will also contain salts from the sludge interstitial 
liquid. The salts will depress the water vapor pressure and limit droplet shrinkage. Droplets 
that contain less salt will shrink more but will also contain less sludge solids and, therefore, less 
radionuclides. 
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composed of 80 vol% inhibited water (composition given above) and 20 vol% sludge are predicted 
to shrink to a 40 p m  rather than 19 pm aerodynamic diameter because of the sludge interstitial salt 
solution. 

Based on the calculation of the effect of humidity omextent of droplet shrinkage, tank head- 
space humidity during sluicing may have a significant effect on radionuclide aerosol concentration. 
However, there is too much uncertainty in the expected tank humidity to allow adjustment of the 
pilot-scale sluicing test results for the effect of droplet shrinkage. In the event near-saturated 
conditions occur, droplet shrinkage would not have any impact. 

2.2 Experiment a1 Configuration 

Testing was performed using the quarter-scale double-shell tank test facility located in the 
336 Building. Figure 2.1 shows a schematic of the experimental setup in the quarter-scale tank. The 
tank has an inside diameter of 5.7 m (18.7 ft) and has a side wall height of 2.4 m (7.9 ft). Because 
the tank is a scaled version of a one-million gallon double-shell waste tank, and C-106 has a capacity 
of 2,020,000 L (533,000 gal), a false floor was constructed at a height of 180 cm (5 ft 11 in.) to 
obtain a tank head space closer to the scaled dimensions of the head space of Tank C-106, including 
the height of sludge. 

Physical aerosol 
measurements 

Optical aerosol 
measurements 

Heated air inlet 
with rotation and 

Duct Heater 

Filter 

Flow monitor 

Blower 

t Exhaust 

High pressure 

ipump 
Flow o/from I tirFzLk v Diaphragm 

Figure 2.1. Schematic of Experimental Setup and Elevated False Floor in a Quarter-Scale 
Double-Shell Tank 
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The floor installed in the scaled tank consisted of aluminum sheeting supported by steel 
livestock fencing, A shallow pan and flat steel plate (sluicing targets) were oriented horizontally at 
the level of the false floor on the south side of the tank. The pan simulated the sluice jet striking a 
liquid surface. During Test T02, the pan allowed the sluice jet to strike liquid with about a 5 to 10 cm 
depth. The horizontal steel plate simulated the sluice jet striking a hard sludge or tank surface (Tests 
TO1 and T03). Because of the logistics of providing a sludge layer to support extended sluicing, no 
sluicing of sludge was performed during the three tests. 

A salt (NaCl) solution and kaolin clay simulant were prepared in the sludge tank using a 
diaphragm pump as shown in Figure 2.2. The water was circulated from the bottom of the tank back 
to the top of the tank while the sparge ring was operated andsalt or kaolin clay was added from bags 
to the tank. The salt was added to the tank by dumping directly into the top of the tank. The clay 
was added by lowering a bin into the tank above the liquid surface and sluicing the clay into the tank. 
The fluid was then pumped until the salt was dissolved or the clay was dispersed. 

The saIt solution was transferred to the quarter-scale tank and then recirculated from the tank 
drain through the sluice nozzle using a multi-stage centrifugal pump (the high-pressure pump, Fig- 
ure 2.1). When testing with the kaolin slurry, this setup was altered to reduce the extent of settling 
losses from the slurry. The multi-stage centrifugal pump was used to pump the slurry from the 
sludge tank through the sluice nozzle. The diaphragm pump simultaneously pumped the slurry out 
of the quarter-scale tank back into the sludge tank to conserve slurry volume. Agitation was provided 
in the sludge tank using the sparge ring. 

The sluice fluid in the test was pumped through a 6.4 mm (1/4 in.) diameter, geometrically 
scaled sluice nozzle at 83 Lpm (22 gpm) (see Figure 2.1). The sluice nozzle was installed in the 
north riser and had height and rotation adjustments to allow aiming. The quarter-scale tank was not 
insulated, and the sluice stream was not heated (other than by what was generated by the mechanical 
energy of the pump). 

The sluice jet was aimed at either the flat plate target or the liquid-filled pan located at the 
opposite edge of the tank by viewing through a plexiglass viewport on top of the tank. In addition to 
the plexiglass viewport located at the top center of the tank, a camera was located in the east riser 90" 
from the sluice nozzle. Visual targets were placed along the west wall to allow qualitative evaluation 
of the visibility within the tank. The visual targets consisted of four black circles on a white back- 
ground and four rust-colored circles on a grey background. The targets were positioned approxi- 
mately 4.6 m (15 ft) from the camera and were 5.08 cm, 2.54 cm, 1.27 cm, and 0.63 cm (2 in., 1 in., 
1/2 in., and 1/4 in.) in diameter. The corresponding angular displacements of the targets were 0.Mo, 
0.32". 0.16O and 0.08". 

A ventilation flow rate of 480 sLpm (17 scfin) was withdrawn from the south riser of the 
quarter-scale tank during the sluicing tests. Rather than condense the moisture from a portion of the 
ventilation flow and return it to the tank, as is planned for sluicing operations in C-106, the exhaust 
flow was not returned to the tank. An inlet for unfiltered ambient air was located in the west riser. 
The inlet flow of air was not measured quantitatively; however, qualitative observations indicated that 
the flow was less than a quarter of the flow in the exhaust ventilation system, indicating that air leaks 
occurred along tank dome seams. At the west riser, the air passing into the tank through the inlet 
pipe was warmed slightly using an external wrap of heat tape. The air inlet nozzle was positioned 
127 cm (50 in.) below the top of the riser with a fixed angle of 15' below the horizontal. Although 
the air inlet had height and rotation capability, such control was not used during the tests. Rather, the 
inlet air was aimed in a single direction, toward the sluice jet nozzle. 
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(Sludge tank used to prepare sluicing fluids) 

Figure 2.2. Schematic of Tank Used for Preparation of Salt Solution and Kaolin Clay Slurry 

The ventilation flow out of the tank was withdrawn vertically upward through a 10.8-cm- 
diameter (4.25-in.) circular duct exiting the tank near the outer edge of the south riser. The inlet of 
the exhaust duct was located 61 cm (24 in.) below the level of the riser flange to provide a system 
similar to that planned for the full-scale ventilation system in Tank C-106. After exiting the riser, the 
exhaust flow passed through two closely spaced 46-cm-radius, 90" bends used to orient the flow 
downward. A welded tube allowed aerosol sample probes to be inserted vertically upward into the 
center of the downward-directed exhaust flow. Downstream of the sampling probe, the exhaust 
ductwork was directed horizontally away from the tank using a similar 90" bend. The horizontally 
directed exhaust flow next passed through an expanded section that contained an optical aerosol 
monitor, and then via a heated duct to an in-line high-efficiency particle air (HEPA) filter. 

After passing the filter, the flow was directed past a anemometer (velocity sensor) and exhausted 
into the room using an adjustable-rate blower. The in-line filter was not needed for personnel safety, 
but was used to remove residual aerosol particles that could otherwise have affected the anemometer. 
The duct upstream of the filter was heated to prevent condensation on the filter substrate. A con- 
troller was used to manually adjust the exhaust flow rate, based on the signal provided by the velocity 
sensor. The thermocouples were placed to monitor the sluice stream, head space, air inlet, and before 
and after the filter. 

2.3 Tests 
Three separate sluicing tests, TO1, T02, and T03, were performed to evaluate the resulting 

aerosol characteristics in the offgas. The first test used a nominal 5 wt% salt solution, which was 
targeted at a steel plate; the second test used the same salt solution targeted at a sluicing fluid-filled 
steel pan; and the third test used the same solution with the addition of approximately 10 wt% kaolin 
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clay and the sluicing jet targeted at the steel plate (T03). It was anticipated that different aerosol 
generation rates might result from different sluicing targets as well as the different sluicing fluid 
compositions. 

Grab samples were taken from the sluicing fluid at 20- to 30-minute intervals from the vertical 
pipe leading to the nozzle. Multiple samples were taken for two reasons: to 1) compare the composi- 
tion of the sluicing fluid with measured aerosol characteristics, and 2) determine if significant solids 
settling occurred in the lines. 

Aerosol sample trains employing heated and ambient-temperature probes were used to char- 
acterize aerosols in the exhaust flow duct. Figure 2.3 shows the sample trains. Both filters and cas- 
cade impactors were used to collect aerosol samples. A condenserjdesiccant system trapped water 
vapor, and a mass flowmeter indicated sample flow rates. It should be noted that the 480 sLpm 
exhaust flow rate was not adjusted when the 13-sLpm aerosol samples were being obtained. The 
resulting 3% increase in exhaust flow rate did not affect test conditions. 

Still pictures were taken as equipment was being installed. The in-tank video camera system 
was installed with a 24-mm lens. Various in-tank objects (nozzle, inlet pipe, circular targets, steel pan 
and plate) were targeted to determine proper lighting and lens size. The tests were videotaped inter- 
mittently to show the operation of the sluice nozzle and jet impaction site, and to quantify visibility 
during testing. During the video coverage, the camera alternated between the colored circular targets, 
steel pan and plate, nozzle, exit ventilation duct, inlet ventilation line, and dome lid. A plexiglass port 
was installed on top of the tank for direct observations. Two videotapes and a narration were pro- 
duced to record additional information and comments during testing. The narration relates the 
elapsed tape time and the chronological testing times. The videos were sent to the project technical 
contact, Mr. J. W. Bailey (WHC). The videotapes produced during the study were labeled “SSE 300- 
AERO-94-03, Project W-320, Quarter-Scale Aerosol Testing, Tape No. 1, Test No. 1, 7/20/94” and 
“SSE 300-AERO-94-03, Project W-320, Quarter-Scale Aerosol Testing, Tape No. 2, Test No. 1 ,2 ,  3, 
and Lens Test Date, 7/20 - 7/22/94.” 

2.4 Sampling MethodoIogy 
Aerosols were physically sampled and optically monitored within the exhaust flow ductwork 

during tests of simulated sluicing operations performed in the modified quarter-scale tank. Sampling 
probes were inserted singly into the downward-directed exhaust flow from the tank as described in 
Section 2.2. An optical aerosol monitor was used downstream of the sample point to provide a real- 
time indication of particle concentration. The sampling probes consisted of 1.37 m (54 in.) long, 
1.90 cm diameter (3/4 in.) stainless steel tubing (ID equal 1.52 cm r0.60 in.]); one probe was equip- 
ped with temperature-controlled heat tape, and the other was unheated and used for ambient tempera- 
ture sampling. Each probe had a beveled leading edge, or nozzle, to minimize turbulence in the 
sampled gas stream. The aerosol sampling probes were connected sequentially to filter holders or 
particle impactors. Aerosol samples were obtained by drawing 13 sLpm flow rates through the probe, 
sampler, condenser, desiccant, and Sierra Model 840 Mark 111-13 mass flowmeter (Sierra Instruments, 
Cannel Valley, California). Standard conditions were defined as 21.1OC and 760 torr. The sample 
flow rate was selected to approximate isokinetic sampling conditions. (Isokinetic sampling conditions 
are achieved when air velocities within the nozzle equal those in the gas stream being sampled.) This 
condition minimizes collecting either over- or underrepresentative aerosol samples. The condenser 
and desiccant trap were used to collect the water present in the sample line before passing the dried 
air through the mass flowmeter. The condenser consisted of a 4-L filtration flask set in an ice-water 

’ 
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Figure 2.3. Schematic of Aerosol Sampling Trains 

bath. The masses of the condenser and desiccant trap were recorded at the beginning of each test and 
after each aerosol sample to obtain information on the water content present in the sample streams. 

High-efficiency Gelman Type A/E glass fiber filters (Gelman Sciences, Ann Arbor, Michigan) 
were used to measure the soluble- and insoluble-material (NaC1 and clay, respectively) dry aerosol 
mass concentrations present in the exhaust flow from the quarter-scale tank vapor space. The filters 
were held in Gelman 47-mm stainless steel in-line filter holders. All filter samples were obtained 
using the heated sampling probe. The probe was heated to provide a dry aerosol at the filter sub- 
strate. In addition, the filter holders were heated and insulated to prevent recondensation of water 
vapor on the filter substrate. Trial tests indicated the gas temperature at the filter was about 100OC. 
The internal temperature of the filter holders was 99 to 118OC before and after sampling. Condensa- 
tion of water vapor on filter substrate was not expected at temperatures greater than 40OC. Sample 
durations were 10 and 20 min to optimize the collection of particles and analysis of filters for aerosol 
concentrations between 5 and 500 mg/m3. 

Two Andersen Ambient cascade impactors (Graesby-Andersen, Atlanta, Georgia) were used to 
measure the size distribution of aerosol particles present in the exhaust flow. The impactors were 
operated with lightly lubricated Viton O-rings and at flow rates of 13.3 and 16.5 aLpm; the flow rates 
used were less than the nominal 28 Lpm flow rate in an attempt to increase the particle size range of 
the results and to retain isokinetic sampling conditions at the sample nozzle. The impactors consisted 
of a series of eight orifice plates used to impact particles at increasing velocities onto 81-mm flat glass 
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fiber filter substrate. The substrate were held on trays immediately under each orifice plate. Sub- 
micrometer particles not collected under the orifice plates were collected on a back-up filter. One 
impactor was heated and attached to the heated probe to measure the size distribution of dried par- 
ticles. The second impactor was operated at ambient temperature to measure the size of aerosol 
droplets in the exhaust flow. The temperature of air entering the heated impactor, measured before 
testing, was about 100°C, and the skin temperature of the heated impactor, measured before and after 
each test, was 94 to 108°C. As with the filter samples, the heated impactor was insulated and heated 
slowly for more than 2 hr before sampling. The particle size range for the heated impactor was 0.6 
to 15 p, that for the ambient-temperature impactor was 0.7 to 16 pm. Sample durations were 4.0, 
10.0, and 20.0 min. They were estimated before the tests based on assumed aerosol concentration 
ranges. The ambient-temperature impactor was generally sampled for shorter durations than the 
heated impactor to avoid overloading stages with deposited water droplets. 

Both filter and impactor aerosol samples were analyzed gravimetrically and chemically for 
chloride ion. In addition, the internal surfaces of the sampling probes and the top stage of the 
impactors were rinsed with water after selected tests and submitted for chemical analysis. Dried filter 
and impactor substrate were analyzed gravimetrically, and represented total soluble and insoluble 
material collected on each sample. Chemical analyses performed to determine the mass of cNoride 
in each sample provided a measure of soluble material mass. The total mass of soluble material 
present in the probe or plate rinses was determined by multiplying the concentration of material by 
the total volume of rinse water. 

The optical aerosol monitor operated downstream of the filter and impactor sample probes was 
an Industrial Dust Sampler (IDS-10) manufactured by MIE (Monitoring Instruments for the Environ- 
ment, Inc., Billerica, Massachusetts). The monitor uses forward scatter between 45 and 95" from a 
pulsed infrared light source to indicate aerosol mass concentration based on the properties and 
characteristics of a calibration aerosol, it is optimized for particles in the 1-10 pm size range. When 
used to measure aerosols having different light-scattering characteristics, the monitor produces an 
output signal related to relative aerosol mass concentration for concentrations between a,bout 0.1 and 
1000 mg/m3. The instrument was operated inverted, with the optical windows at the top, to reduce the 
potential for obscuration caused by deposited particles. The 0- to 1-v dc analog signal output of the 
instrument was connected to a voltmeter and a strip-chart recorder, and was also recorded manually. 
The instrument zero was confirmed before and after each test. The instrument was used to provide a 
real-time indication of relative aerosol mass concentration and to indicate approximately when 
steady-state concentrations were achieved. 

Aerosol sampling during the three sluicing tests was performed using the same sequence of 
measurements. Sampling was'begun approximately 90 min after the initiation of sluicing. The 
sequence of sampling was F01, F02,101, F03,102, and F04, where "F' indicates a 47-mm filter and 
"I" indicates a cascade impactor. The heated sample probe was used for all samples other than 102, 
which was obtained using the ambient temperature probe. When probes were not connected to sam- 
ples, or when probes were switched, the access port was covered with tape to prevent leakage of air 
into the exhaust ventilation system, Ten minutes after the sluicing nozzle was shut off at the end of 
Test T03, the heated sample F05 was obtained using the heated probe to provide an indication of the 
rate of attenuation of aerosol mass concentration after the aerosol source term was stopped. Subse- 
quent to F05, the probe was removed from the exhaust duct, and heated filter sample F06 was 
obtained using the heated probe positioned to sample ambient air. 
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2.5 Calibrations 

The magnetic flowmeter for monitoring the sluice jet flow and the anemometer for monitoring 
the ventilation flow were user calibrated before testing. The magnetic flowmeter used (serial no. 
1941-000771886) was calibrated on July 10, 1994, by weighing the amount of water accumulated in 
a container over a known period of time and given flow setting. The calculated flow rate (gpm) was 
fitted as a straight line as a function of the flowmeter setting (%). The results from this calibration are 
shown in Figure 2.4. 

The calibration of the anemometer was checked on July 20, 1994. The anemometer (an 
Omega velocity flowmeter) was compared to a Sierra mass flowmeter. The air flow was provided by 
an adjustable blower while readings were taken from the Sierra mass flowmeter and Omega velocity 
flowmeter. The Sierra mass flowmeter (serial ID 515-28-03-018) had been calibrated on February 
13, 1992. A correlation, shown as Figure 2.5, was developed to compare the output of these two 
instruments. 

A mass flow controller (0 to 30 sLpm) was used to control the sampling flow rate. This device 
was calibrated by the WHC standards laboratory. Thermocouples were used to monitor the process 
temperatures. Ice baths and boiling water baths were used to verify calibration of the thermocouples. 

2.6 Data Recording 
Data were recorded in a laboratory record book or on data sheets during testing. Sampling 

information for grab samples, condenser samples, and desiccant samples were recorded on sample 
logs. Copies of the data sheets are provided in Appendix C. 

The voltage readings observed from the MIE optical unit were recorded on both a data sheet 
and a chart recorder. The sampling times (in real time) of the filters and impactors were also 
recorded on data sheets. These readings were used to determine approximately when steady-state 
aerosol concentrations were reached. Aerosol sampling was initiated 102, 90, and 87 min after 
sluicing began during Tests TO1, T02, and T03, respectively. 

Data were recorded at 20- to 30-min intervals on separate data sheets to monitor flows and 
temperatures. Variables monitored included the temperatures of the sluice stream, head space, air 
inlet, and locations upstream and downstream of the HEPA filter, before and after the filter, the flow 
of the sluice stream, and the air velocity in the ventilation duct. The settings of the anemometer and 
flowmeter, respectively, were pre-determined based on scaling. A separate data sheet was provided to 
record the volumetric flow rate of the mass flow controller (flow and totalizer) and the weights of 

. water collected in both the condenser and desiccant. 
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Figure 2.4. Calibration Curve of Magnetic Flowmeter Used to Measure Sluice Stream Flow 

2.13 



3.0 Results 

This section describes the results of the three sluicing tests performed at one-quarter scale for 
measured aerosol characteristics, video camera operation, sluicing fluid composition, flow rates, and 
temperatures. 

3.1 Aerosol Characteristics 
Aerosols produced during three pilot-scale, simulated sluicing operations consisted of droplets 

containing salt and water (Tests TO1 and T02) or salt, clay, and water (Test T03). The characteristics 
of these aerosols were measured using sampling probes inserted into the exhaust ventilation duct. 
The measurements indicated that aerosol mass concentrations increased from near-zero to steady 
levels within 90 min after sluicing began. Dry aerosol mass concentrations were determined from 
isokinetic filter samples and were based on the mass of salt or salt and clay collected on the filters. 
Dry and wet aerosol particle size data were obtained using cascade impactors. Information on the wet 
aerosol mass concentration (including the mass of liquid water in the droplets), generated by measur- 
ing the total water content of samples and particle size distributions, was found to be insufficient to 
provide accurate results. In lieu of a direct measurement, estimates of total wet aerosol mass concen- 
tration were made based on wet aerosol particle size distributions and the composition of the sluicing 
fluid. 

Aerosol mass concentration results were corrected for the mass of particles collected by the 
inner walls of the sampling probe upstream of the collection substrate. Triple rinses of the heated 
sample probe were performed after each test, and the rinses were analyzed for chloride. The multiple 
rinses indicated nearly all deposited chloride was removed by the first rinse. Probe losses were deter- 
mined for each test as the chloride mass collected in the probes divided by the chloride mass collec- 
tors on the samples. For Tests TO1, T02, and T03, probe losses were 4.9, 3.5, and 4.4%, respectively. 
Consequently, the gravimetric and chloride masses on each filter were adjusted by multiplying the 
raw data by correction factors of 1.049, 1.035, and 1.044 for Tests TO1, T02, and T03, respectively. 
Because the distribution of particle sizes deposited to the probe was not known, the correction factor 
was applied only to the total mass collected in the heated cascade impactor samples and not to 
individual stages. The correction factors for the unheated, ambient temperature sample probe were 
larger (influenced by the larger size of non-evaporated particles and lack of a thermophoretic force 
from the walls of the heated probe); correction factors of 1.17, 1.17, and 1.13 were applied to the 
total quantity of material collected in the ambient temperature cascade impactor during Tests T01, 
T02, and T03, respectively. 

Aerosol test results are summarized in Table 3.1 and provided in greater detail in Appendix C. 
The aerosol mass concentrations and particle size distributions were similar during Tests TO1 and TO2 
despite targeting the sluicing jet on a flat steel plate during Test TO1 and on a pan of sluicing fluid 
during Test T02. This apparent insensitivity to target type may indicate that aerosol formation from 
the jet dominates aerosol production; however, this interpretation of the results is not certain. Aerosol 
mass concentrations based on the analysis of filters for chloride were nearly identical to those 
obtained gravimetrically. For Tests TO1 and T02, the concentrations of NaCl were 11.2 f 0.2 and 
10.9 f 0.0 mg/m3, respectively (results provided in Appendix C). 
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Table 3.1. Characteristics of Aerosols Sampled in the Exhaust Ventilation Duct from Three 
Pilot-Scale, Simulated Sluicing Testda) 

Sluicing 
- Test Fluid 

TO 1 4.8% salt(4 
TO2 4.8% salt 
TO3 4.8% salt + 

8.9% clay 

Aerosol Concentration Aerosol Size Distribution 
Dry Estimated Wet Dry Wet 

Target (mdm3) (mdm3) 0 0 
Plate 10.6 k 0.W) 
Liquid 10.5 k 0.4 
Plate 29.2.f 1.1 

220 
220 
330 

4(c) 
5 
4 

>16 
>16 
10-  16 

(a) 

(b) 

Salt weight percentage equals mass of salt per mass of salt + water. Clay weight percentage equals mass of 
cIay per mass of salt + clay + water. 
Dry aerosol mass concentrations for each test equal the gravimetric average of all four samples plus/minus one 
standard deviation of the average. Uncertainties, based on assumed uncertainties in the measurement of mass, 
flow rate, and sample duration, were -I- 5% 0 1 )  and 2 3% 0 2  and M3) of the individual sample results. 
Aerosol size distributions are shown as the aerodynamic mass median diameter, in pn. The geometric standard 
deviations of the aerosols were estimated to be between 4 and 5, indicating the presence of widely distributed 
particle sizes. 

(c) 

Results from Test T03, performed after adding - 10% clay to the - 5% salt sluicing fluid, 
varied from the results of Tests TO1 and T02. The dry aerosol mass concentration determined 
gravimetrically was 29.2 k 1.1 mg/m3, which was about 3-fold greater than the concentrations during 
Tests TO1 and T02. In addition, the chloride analyses indicated the concentration of NaC1, at 15.1 f 
0.4 mg/m3, was about 1.4-fold greater than in the previous tests. This increase in salt concentration 
may have been the result of altered sluicing fluid properties caused by the addition of clay. Inter- 
estingly, had clay been present in the aerosol particles at the same mass ratio to NaCl as in the sluicing 
fluid, the dry aerosol mass concentration would have been about 45 mg/m3 rather than the 29 mg/m3 
actually measured. The gravimetric results indicate that only about one-half as much clay (about 
14 mums) was present in the aerosol as might have been expected, based on the chloride results. The 
reason for this discrepancy is not known, but it is possible that the clay particles were agglomerated in 
the sluicing fluid and, therefore, less likely to disperse into the small droplets produced by the sluic- 
ing jet. A single filter sample obtained between 10 and 20 min after sluicing was stopped indicated a 
3.6-fold decrease in.NaCl concentration over that interval. 

Where the dry aerosol mass concentration was relatively easy to determine by drying the aero- 
sol and collecting the salt and clay mass on filters, the determination of wet aerosol mass concentra- 
tion was less successful. Wet aerosol concentrations of 220,220, and 330 mg/m3 were estimated to 
have been present during Tests T01, T02, and T03, respectively, by assuming that the mass ratio of 
water to NaCl was the same in both the sluicing fluid and the aerosol droplets. Three other methods 
of measuring the wet aerosol mass concentration were not successful. First, attempts to compare the 
quantity of water collected in condensate and desiccant traps in the aerosol sample streams with the 
quantity of water calculated to be present in saturated conditions led to ambiguous results. This is 
because the amount of water vapor was much greater than that present in the mist droplets; the 
equilibrium vapor pressure is sensitive to temperature such that a 1 or 2°C error would completely 
change the result. The second method attempted was a comparison of the water content trapped 
downstream of the heated filter or impactor with the water content downstream of the unheated 
impactor sample. This approach failed because of test-to-test variations in condensate concentration. 

3.2 



Finally, an attempt to compare the salt distributions in the unheated impactor with those in the heated 
impactor failed because of a probable non-log-normal size distribution of wet droplets at sizes exceed- 
ing 16 pm. Given a very long sample duration,.the second approach may provide a method of meas- 
uring liquid water aerosol concentration with an acceptable level of accuracy. 

Measurements of aerosol particle size distributions indicated that similar dry or residual par- 
ticle sizes were present during all three tests. In addition, the results indicated that slightly smaller wet 
droplet sizes were present during Test T03. The aerodynamic mass median diameters (AMMD) of 
dried particles (measured in the heated cascade impactor) were 4 or 5 pm. During Tests TO1 and 
T02, the AMMD of the wet, ambient-temperature aerosols (non-evaporated droplets) were greater 
than 16 pm. The measurement of larger AMMD .exceeded the range of the impactors used, and 
would require measurement systems not used in the present study. During Test T03, the AMMD of 
the wet aerosol was slightly smaller at between 10 and 16 pm. In all cases, the distributions of particle 
sizes in the aerosols were very wide. For the dried particles, 80 and 30% of the particulate mass 
consisted of particles with acrodynamic diameters greater than 1 and 10 pm, respectively. The 
ambient-temperature, or wet aerosol, measurements indicated an even wider distribution of droplet 
sizes, with 80 to 90% of the mass consisting of droplets with aerodynamic diameters greater than 
1 p, and 60 to 70% of the mass consisting of droplets with sizes greater than 10 p. Because of 
limitations inherent in the operation of particle impactors, additional stage-by-stage analysis of size 
distribution data (Appendix C) is not warranted. 

3.2 Video Camera Operations 

An in-tank camera was used to record a videotape of the tank interior to qualitatively study 
visibility during the tests. Color pictures of the tank interior and exterior associated with this work are 
provided in Appendix D. Deposition of salt or salt and clay to the camera lamps caused an apparent 
degradation of visibility that was not seen when the tank was observed directly through a plexiglass 
port. Consequently, visibility resuIts are qualitative and reflect both types of observation. 

Targets placed against the opposite tank wall at floor level were used to evaluate visibility. The 
targets, two sets of four painted circles of black on white and rust on gray, had diameters of 5.1, 2.5, 
1.3, and 0.63 cm (2.0, 1.0, 0.50, and 0.25 in.). The diameters and color contrasts were selected to 
cover the range of visual resolution ,that may be needed during full-scale operations. The ability to 
discern the targets decreased as the tests progressed. Visibility was decreased almost immediately 
after the sluice jet was turned on and aimed. Again, the main source of this problem was associated 
with the obscuration of the camera lamps by deposition of mist on the lamps and the subsequent 
formation of a dry salt and clay film. The camera system was operated continuously during Test 
T01. Although visibility rapidly degraded using the camera, the fog was just barely visible by direct 
observation via the plexiglass post. During Test T01, the smallest target circles were barely visible 
through the camera within the first 8 min. An hour later, only the largest two black circles could be 
seen. An hour and a half later, all visibility was obscured. During Tests TO2 and T03, the camera 
system was operated intermittently in an attempt to alleviate the particle deposition to and obscuration 
of the lamps. This improved visibility during Test T02; the two largest circles could be seen through- 
out the test, and all targets could be seen 30 min after sluicing was stopped (indicating minimal 
attenuation of lamps and lens). However, during Test T03, the mixed salt and clay aerosol was 
sufficiently concentrated to cause poor visibility through both the camera and the plexiglass port. . 

Within 30 min, the smallest targets were just barely visible. Within less than an hour, all visibility 
within the tank was obscured (via the camera). The narration on the two videotapes describes times at 
which the different sized targets could be seen and when they could not. 
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In-tank camera operation jn the full-scale Tank C-106 is anticipated to use a system having 
engineered features to mitigate the problem associated with the buildup of solids encrusting the lens 
and camera lamps. The camera used in Tank C-106 will also be approximately four times higher 
above the surface of the waste and, thus, will be less impacted by spray and splash. If necessary, 
provisions will be made to use a quartz window with a washing system to cover components of the 
camera system. Based on experience in the scaled tank, and on consideration of the impact of 
backscatter, an additional recommendation is to separate the camera and light sources. 

3.3 Solution Analysis Data 

Grab samples of sluicing fluids were analyzed to determine total solids content. The grab sam- 
ples from the first two tests were only analyzed for weight loss by drying because all solids present in 
the samples were dissolved solids (NaCl). The grab samples from the third test, however, contained 
both dissolved solids (NaC1) and undissolved solids (kaolin clay). A method that was used to separate 
these solids for analysis involved centrifuging an aliquot of the sample. The supernate was then dried 
to estimate the amount of dissolved salt that was present in the overall sample. IC analysis was also . 

performed as a verification. After drying the entire sample,(a) the amount of kaolin clay in the over- 
all sample was determined by subtracting the amount of salt (based on the amount of weight loss 
from drying and the salt to water ratio) from the total dried mass. Table 3.2 outlines the composition 
found in samples as a function of time. The table shows that the solids content resulting from analy- 
sis by drying and IC analysis was consistent. This discounts any possible error as a result of dissolved 
materials that may be collected during drying. Only one sample was analyzed for each of the first 
two tests because it was assumed any sample analyzed would be representative. 

Table 3.2. Composition of Sluicing Fluid Grab Samples as a Function of Time. Overall solids 
are on a total mass basis. Salt-drying + salt-IC are on a salt and water basis 
excluding clay. 

Tcst/Sarnplc 

~~ Test TO3 

Date 7R0194 7/21/94 e 7/22/94 . >  

Time 14:32 19:03 11:22 1240 .13:00 13% 13:47 14:G' 1427 15:oO 

Sample ID G 03 GO5 GO1 GO2 GO3 GO4 GO5 GO6 GO7 GO8 

Composition (wt%) NIA NIA 4.87 4.90 4.73 4.87 4.88 4.83 4.76 4.70 
Salt-Drying (supernate) 

Composition (wt%) NIA NIA 4.86 4.92 4.86 5.04 4.85 4.99 4.86 4.87 
Salt, IC (supernate) 

Composition (wt%) None None 12.09 9.74 9.18 9.14 9.25 8.96 8.84 8.71 
Kaolin (overall) 

Composition (w%) 4.78 4.76 4.28 4.42 4.29 4.43 4.43 4.40 4.34 4.29 
Salt (overall) 

(a) Drying the resultant solids layer after centrifuging showed that the aliquot was not representative of the 
grab sample taken. However, the weight percent salt in the supernate agreed well with the weight percent 
salt observed from samples taken from the first two tests. This suggests that the salt was uniformly and 
consistently dissolved in the solution throughout the three tests. 
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3.4 Flow Measurement Readings 
The flowmeter reading of the sluice stream and the ventilation velocity measured by the 

anemometer were recorded at 20- to 30-min intervals. The target settings of the anemometer and 
flowmeter were pre-determined based on scaling. Table 3.3 shows the average settings that were 
recorded for each test. These data sheets are also provided in Appendix B. 

3.5 Temperature Readings 
Data were recorded at 20- to 30-min intervals on separate data sheets to monitor temperatures 

and verify isokinetic sampling and saturated conditions. Temperatures included those of the sluice 
stream, head space, air inlet, and air temperatures before and after the HEPA filter. Table 3.4 shows 
the average thermocouple readings recorded for each test. The higher temperatures are directly 
attributable to the earlier time of day. The detailed data aie provided on data sheets in Appendix B. 

Table 3.3. Flow Measurement Readings Taken During Aerosol Testing 

Parameter Test TO1 (7/20/94) Test TO2 (7/21/94) Test TO3 (7/22/94) 

Start time 21:04 1607 1218 

Stop time 24:20 19:59 15:30 

Flowmeter reading, % 55 f 0.20 54.86 i- 0.08 55.54 f 0.23 

Flowmeter flow, gpm 22.1 22.0 22.3 

Initial anemometer 
velocity, fpm 

Corrected anemometer 
flow, scfm 

151.7 f 2.6 157.5 & 3.4 152.4 f 2.8' 

18.7 19.2 18.6 

Table 3.4. Average Values of Thermocouple Readings Taken During Aerosol Testing 

Parameter 

Start Time 
Stop Time 

Sluice stream, OC 
Head space, "C 

Air inlet, "C 
Before filter, OC 
After .filter, OC 

Test TO1 (7/20/9 4'1 

21:04 

24:20 

25 

25.9 

47.2 

26 

31.7 

3.5 

Test TO2 (7/21/94) 

16:07 

1959 

26.9 

27.8 

49.3 

28.5 

34.2 

Test TO3 (7/2 2/94) 

12:18 

15:30 

27.1 

27.6 

52.3 

28.6 

35.2 



4.0 Conclusions 

Test were performed that provided information useful to the ongoing evaluation of planned 
full-scale sluicing operations in Tank C-106. While data from the current tests appear consistent with 
predictions, additional studies are recommended, and actual aerosol concentrations should be con- 
firmed during any full-scale operations. To provide additional information regarding the suitability 
of waste retrieval operations using other sluicing fluids or in other waste tanks, the procedures 
developed during the current study are recommended to be applied to tests using other sluicing 
targets, such as simulated sludge, and using more extensive variation of sluicing fluid and scaled 
ventilation flows. 

For this study, a quarter-scale double-shell tank facility was modified by constructing an ele- 
vated false floor to provide a scaled version of Tank C-106. Other scaling considerations included 
ventilation flows, sluicing nozzle size and discharge rate, sluicing fluid characteristics, and test con- 
ditions. Based on the scaling relationships, a one-to-one correspondence is expected between the 
aerosol droplet mass flow rate exiting the test facility and the full-scale tank. Because of possible 
differences between the current test fluid and the future sluicing fluid actually selected for use in 
C-106, a relationship was developed that allows prediction of the aerosol mass concentration expected 
at the inlet of the ventilation system of the full-scale tank as a function of soluble and insoluble 
components in the sluicing fluid. For example, if buffered water is used in place of supernate from 
AY-101 to sluice waste in C-106, the source term predicted in this report.should be reevaluated using 
the provided relationship. 

Three scaled sluicing tests were performed using nominally 5 wt% NaCl in water. The third test 
differed from the first two by the addition of kaolin clay to form a 4.4, 8.9, and 86.7 wt% solution of 
salt, clay, and water, respectively. The 0.64 cm diameter sluicing jet was targeted onto a flat metal 
plate during the first and third tests, and onto a surface of sluicing fluid during the second test. Sluic- 
ing jet operation was continuous during all tests. The Characteristics of aerosols were measured in the 
exhaust flow duct leading away from the tank. A videocamera system was lowered into the tank in an 
attempt to determine visibility through the fogs generated in the vapor space as sluicing was per- 
formed. Camera operation was affected by deposition of mist and formation of salt and clay films on 
the lamps; this led to apparent visibility degradation that was much greater than that observed dir- 
ectly. Actual attenuation of visibility was minimal during Tests TO1 and TO2 (salt) and much greater 
during Test TO3 (salt and clay). It is recommended that additional engineering controls be added to 
camera systems installed in Tank C-106, and that other options such as intermittent operation of 
lamps and relocation of lamps away from the camera also be considered. 

The dry aerosol mass concentrations in the exhaust flow (salt or salt and clay) were 10.6 f 0.5, 
10.5 f 0.4, and 29.2 k 1.1 mgm3 during Tests T01, T02, and T03, respectively. The measurements, 
the average and standard deviation of four samples obtained in series, were initiated approximately 
90 min after sluicing began and indicated steady conditions had developed within that.time. Sam- 
pling continued until approximately 3 to 3.5 hr after sluicing was initiated. Samples analyzed for 
chloride content indicated the concentration of NaCl in the aerosol was 11.2 sf: 0.2, 10.9 f 0.0, and 
15.1 f 0.4 mg/m3 during Tests T01, T02, and T03, respectively. Subtracting the salt concentration 
from the total mass concentration, the concentration of clay in Test TO3 was estimated to be 14.1 f 
0.7 mg/m3. The reason for the 1.4-fold greater salt concentrations during Test TO3 compared with 
Tests TO1 and TO2 was attributed to alteration of sluicing fluid characteristics by the addition of clay. 
It is not known why clay was present in the aerosol at a mass ratio to salt of approximately one-half 
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of that in the sluicing fluid. It i s  speculated that this may have occurred because of the failure of 
small droplets to contain the relatively large, possibly agglomerated clay particles present in the 
sluicing fluid. 

Wet aerosol mass concentrations in the exhaust flow (salt + clay + liquid water) were estimated 
using the mass of salt on-dried aerosol samples to estimate the liquid water originally present. The 
wet aerosol mass concentrations during Tests T01, T02, and TO3 were 220, 220, and 330 mg/m3, 
respectively. Measurement-based wet aerosol concentrations (based on gas temperatures, wet vs 
dry particle sizes, and quantities of water trapped downstream of aerosol samples) were not success- 
ful in providing direct indication of the wet aerosol mass. The main reason for the failure of the 
measurement-based approaches was the f 1 to f 2OC uncertainty in gas temperature, which greatly 
influenced the estimated saturated water vapor content in the exhaust flow. A second reason for the 
failure of the measurement-based approaches was the presumed non-log-normal size distribution of 
wet droplets at sizes exceeding 16 pm. Given a very long sample duration and simultaneous heated 
and unheated samples, the second approach may provide a method of measuring liquid water aerosol 
concentration with an acceptable level of accuracy. 

Measurements of aerosol particle size distributions indicated that while similar dry or residual 
particle sizes were present during all three tests, the wet droplet size present during Test TO3 was 
slightly smaller than that during Tests TO1 and T02. In summary, a total of 80 and 30% of the dry- 
particle mass consisted of particles with aerodynamic diameters greater than 1 and 10 pm, respec- 
tively. The ambient-temperature, or wet aerosol, measurements, indicated an even wider distribution 
of droplet sizes, with 80 to 90% of the mass consisting of droplets with aerodynamic diameters 
greater than 1 pn, and 60 to 70% of the mass consisting of droplets with sizes greater than 10 pm. 

Using scaling relationships developed to determine aerosol concentrations expected in 
Tank C-106 from the results in the pilot scale, assuming similar relative humidities (below), and using 
an example sluicing fluid that contains 10 wt% soluble and 10 wt% insoluble solids (and 80 wt% 
water), the full-scale dry and wet aerosol mass concentrations, were predicted to be 1.9- and 1.1 -fold 
greater than those measured in the pilot-scale study. Based on the dry and wet aerosol concentrations 
of 29 and 330 mg/m3 during Test TO3 (the only test with both salt and clay) of the current pilot-scale 
study, the corresponding dry and wet aerosol concentrations in Tank C-106 with the assumed sluicing 
fluid composition would be 55 and 360 mg/m3, respectively. The increase in dry aerosol concentra- 
tion would be due to an increase in soluble solids and slurry density, the slight change in wet concen- 
tration would be caused by density differences between pilot- and full-scale slumes. It should be 
noted that, because of the limited range of parameters tested in the current study, the further apart the 
difference between actual and pilot-scale fluid compositions, the more likely that the conversion from 
pilot- to full-scale would be affected by uncertainty. 

Estimates of the aerosol characteristics expected during full-scale operations were based on 
the assumption that relative humidities in the headspace would be nearly saturated. Consideration 
of the effect of lower relative humidities indicated particle shrinkage could cause an 8% reduction in 
particle diameter at 90% relative humidity and a 37% reduction at 40% relative humidity. Such 
decreases in particle diameter, and the corresponding decrease in settling velocities, would cause the 
concentration of radionuclides in the tank headspace to increase. Tliese amounts of shrinkage are 
estimated to result in increases in aerosol concentration by factors of 1.2 and 2.6, at relative humidi- 
ties of 90 and 40% respectively, compared to the initially generated particle sizes. The relative effect 
would be greater for more dilute sluicing solutions as the initially generated droplets would contain 
greater percentages of water and would evaporate to a greater degree before attaining equilibrium. 
Adjustments to the calculational method of estimating full-scale aerosol mass concentrations were not 
made based on relative humidity. Changes to the method would only be justified if there was a solid 
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basis to expect low humidities during sluicing. This issue of particle shrinkage and increased con- 
centration may become important if aerosol suppression techniques are employed that reduce the 
relative humidity during sluicing operations. 

, 
4.3 
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Appendix A 

Relative Humidity in Full-scale Tank Headspace 

Two methods were used to estimate the relative humidity in the headspace of Tank C-106 
(below). Differences in the assumptions and variables selected for the two methods reflects uncer- 
tainties associated with current data and plans for altering the ventilation system at the tank. Both 
methods rely on normal operating data (in the absence of sluicing). It is not known whether either 
method will accurately reflect actual conditions within the tank headspace during sluicing operations. 
However, it is likely that these methods would predict relative humidities equal to or less than those 
occumng during sluicing. The complex heat and mass transfer processes expected to be present 
during sluicing do not allow an analytical solution for humidity to be performed. In summary, the 
results of these evaluations suggest possible headspace relative humidities between about 55 and 
essentially 100%. Calculations were performed to evaluate the potential effect of reduced relative 
humidity on aerosol concentration (Section 2.1.4). The calculations were performed over a broad 
range of possible relative humidities (40 to 100%) that bracketed the results of the following 
estimates. 

A.l  Headspace Relative Humidity-Method One 
The relative humidity in the headspace of Tank C-106 was estimated based on the maximum 

amount of water the ventilation system could remove from the tank at the time of year that outside 
air has the lowest relative humidity (July). In the calculation, the total flow rate of the current venti- 
lation system, 1020 scfm, was determined by adding the 860 scfm recirculation loop flow rate to the 
160 scfm exhauster flow rate. One month was defined to equal 30 days. 

Based on the calculations shown in the box, it can be seen that the ventilation system has the 
ability to remove approximately 6,350 gallons of water from the tank each month, assuming that the 
vapor entering the system is saturated. The current amount of water evaporated from the tank to 
maintain thermal equilibrium using the existing ventilation system is approximately 6,000 gallons per 
month. To remove this same amount of heat from the tank during sluicing operations, approxi- 
mately the same amount of water will have to be evaporated. The air entering the ventilation system 
would need to be roughly 94% saturated to remove this volume of water, not considering the 
humidity additions caused by the action of the sluicing stream spray. As the high-heat solids are 
removed from the tank, the related heat reduction should be approximately offset by the heat 
additions caused by the sluice and slurry pumps. For these reasons, it appears to be a reasonable 
assumption that the air in the tank headspace will be at or near saturation during sluicing operations. 

A.2 Headspace Relative Humidity-Method Two 

conditions (historic psychrometric data), the new system design flow rate, and the assumed 6000 gal 
per month water evaporation rate. In July, the average historic headspace temperature was 855°F 
when the average ventilation flow rate was 2000 cfin. At the new design flow rate of 1090 cfm, the 
expected temperature would be closer to 90.5'F. 

The relative humidity in the headspace of Tank C-106 was estimated based on expected average 
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Based on the calculations. shown in the box, and depending on temperature, the relative 
humidity in the tank headspace is expected to be: 87% at 80°F. 74% at 85S°F, 63% at 90.5"F, and 
54% at 955°F. 

Method One Calculations 

Inlet air conditions (July average): 75"F, 32% RH (0.000441 lb H20 per ft3 dry air) 

3utlet air conditions (July average): 80°F. 100% RH (0.00164 lb H20 per ft3 dry air) I 

Zhange in water-carrying capacity: 0.00164 - 0.000441 = 0.00120 lb H20 per ft3 dry air 

Zurrent ventilation system water-removal capability calculation: 
Condenser air flow rate: 
(1020 scfm) x (43,200 midmonth) = 44,100,000 ft3/month 
Maximum water removal rate in condenser: 
(0.00120 lb H20 per ft3 dry air) x (44,100,OOO ft3 per month) = 52,900 lb H20 per month 

(52,900 lb H20 per month) + (8.33 lb H20 per gal H20) = 6,350 gal H20 per month. 

Method Two Calculations 

Recirculation air supply: 860 cfm at 40S°F, 100% RH 
(64.5 lb dry air per min, 0.335 lb H20 per min) 

Outside air supply: 230 cfm, 0.107 lb H20 per min 

Total air supply: 64.5 + 17.3 = 81.8 lb dry air per min 
Water in total supply air mixture: 0.335 + 0.107 = 0.442 lb H20 per min 

Water evaporated at 6000 gal per month: 1.15 lb H20 per min 
Total water in exhaust flow: 0.442 + 1.15 = 1.59 lb H20 per min 

Humidity ratio of exhaust flow (H): 

(17.3 lb dry air per min, 0.107 lb H20 per min) 

H = (1.59 lb H20 per min) t (81.8 lb dry air/min) 
H = 0.0195 lb H20 per lb dry air 
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Data Collected for 
1/4-Scal e Aerosol Testing 

for Test TO1 

t 

Date Time T-4 Before T i  me T-5 A f t e r  Time F-2 
F i  1 t e r  F i  1 t e r  Anemo- 

C) ( O  C) meter 
( f p m )  

Date Time F-1 Time T-1 Time T-2 Time A i  r 
SI u i  ce S lu i ce  Plenum I n l e t  

S t .  S t .  ( "  C l  ( "  C l  
(Flow X 1  ("  C) 

7/20/94 9:24 p.m. 55% t .2 
9:45 p.m. 55% i .2 

10:04 p.m. 55% t .2 

10:24 p.m. 55% i .2 

10:44 p.m. 55% i .2 

11:04 p.m. . 55% .2 

11:24 p.m. 55% 2 .2 
11:44 p.m. 55% t .2 

7/21/94 12:04 a.m. 55% = .2 
12:24 a.m. 
12:44 a.m. -- 

-- 

9:18 p.m. 
9.50 p.m. 
10:05 p.m. 
10:25 p.m. 

10:45 p.m. 
11:05 p.m. 
11:25 p.m. 
11:44 p.m. 
12:05 a.m. 
12:25 a.m. 
12:44 a.m. 

25' C 
25" C 

25' C 

25' C 

25" C 

25' C 

26' C 

26" C 

26" C 
25" C 

25" C 

9:18 p.m. 
9:52 p.m. 
10:09 p.m. 
10:27 p.m. 
10:47 p.m. 
11:05 p.m. 
11:25 p.m. 
11:45 p.m. 
12:05 a.m. 
12:05 a.m. 

12:45 a.m. 

26' C 
26" C 

26' C 

26" C 

26" C 

26' C 

26" C 

26" C 

26" C 
26' C 

25' C 

9:15 p-m. 48' C 
9:51 p.m. 49" C 

10:06 p.m. 49" C 

10:26 p.m. 48" C 

10:45 p.m. 48' C 

l l : 0 5  p.m. 47" C 

11:25 p.m. 47" C 

11:46 p.m. 46' C 

12:05 a.m. 45' C 
12:25 a.m. 46O.C 

12:45 a.m. 46' C 

Data Collected for 
1/4-Scal e Aerosol Testing 

for Test TO1 

~ ~~ _______~ 

7/20/94 9:19 p.m. 27" C 9:20 p.m. 29" C 9:21 p.m. 145 
9:51 p.m. 26" C 9:51 p.m. 32' C 9:54 p.m. 151 

10:07 p.m. 26" C 10:08 p.m. 32' C 1 O : l O  p.m. 152 

10:26 p.m. 26' C 10:26 p.m. 32" C 10:28 p.m. 152 

10:46 p.m. 26" C 10:46 p.m. 32" C 10:48 p.m. 152 

11:05 p.m. 26" C 11:05 p.m. 32' C 11:07 p.m. 152 

11:26 p.m. 26" C 11:26 p.m. 32' C . 11:27 p.m. 153 

11:46 p.m. 26" C 11:46 p.m. 32' C 11:47 p.m. 150 

7/21/94 12:07 a.m. 26' C 12:07 a.m. 32' C 12:09 a.m. 153 
12:05 a.m. 26" C 12:05 a.m. 32' C 12:26 a.m. 155 

12:45 a.m. 25" C 12:46 a.m. 32' C 12:48 a.m. 154 
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Data Collected for 
1/4-Scale Aerosol Testing 

for Test TO2 

Date Time F- 1 Time T-1  Time T-2 Time A i  r 
51 u i  ce S1 u i  ce P1 enum I n l e t  

S t .  S t .  C) C) 
(F1 ow %) ( O  C) 

7/21/94 4:12 p.m. 55.0% 
4:33 p.m. 54.9x 
4:48 p.m. 54.8% 
5:07 p.m. 54.9% 
5:31 p.m. 54.8x 

6:08 p.m. 54.8% 
6:27 p.m. 54.8% 
6:53 p.m. 54.8% 
7:ia p.m. 55.0% 
7:37 p.m. 54.9% 
7:59 p.m. -- 

5:49 p.m. 54.8% 

4:16 p.m. 26" c 4:18 p.m. 28' c 4:15 p.m. 34' c 
4:34 p.m. 26" C 4:36 p.m. 27' C 4:34 p.m. 45" C 
4:46 p.m. 26' C 4:47 p.m. 27" C 4:46 p.m. 50" C 
5:09 p.m. 27' C 5:lO p.m. 27" C 5:09 p.m. 52' C 
5:27 p.m. 27" C 5:29 p.m. 28" c 5:27 p.m. 53" C 

5:51 p.m. 27" C 5:51 p.m. 28' c 5:51 p.m. 52" C 
6:lO p.m. 27' C 6:12 p.m. 28" c 6:lO p.m. 51' C 

6.28 p.m. 27" C 6:29 p.m. 28" c 6:28 p.m. 51" c 
6:53 p.m. 27" C 6:54 p.m. 28" C 6:53 p.m. 51' C 
7:20 p.m. 28" c 7:21 p.m. 28' c 7:20 p.m. 51" C 

7:38 p.m. 28" c 7:39 p.m. 28" c 7:38 p.m. 51' c 
azo7 p.m. 27' c azo8 p.m. 28' c 8:07 p.m. 51" c 

Data Collected for 
1/4-Scale Aerosol Testing 

for Test TO2 

Date Time T-4 Before Time T-5 A f t e r  Time F-2 
F i  1 t e r  F i  1 t e r  Anemo- 
( "  C) C) meter 

(fpm) 

7/21/94 4:15 p.m. 31" C 4:14 p.m. 33' c 

4:46 p.m. 29" C 4:46 p.m. 35" c 
5:08 p.m. 36" C 5:09 p.m. 34" c 
5:28 p.m. 28' c 5:28 p.m. 34" c 
5:51 p.m. 280 c 5:51 p.m. 34' c 
6:lO p.m 28' c 6:lO p.m. 34" c 
6:28 p.m. 28' c 6:28 p.m. 34' c 
6:53 p.m. 28" c 6:53 p.m. 34' c 
7:20 p.m. 28" c 7:20 p.m. 34" c 
7:38 p.m. 28' c 7:38 p.m. 34" c 
8:07 p.m. 28" c azo7 p.m. 34" c 

4:35 p.m. 29' C 4:35 p.m. 36" C 
4:13 p.m. 
4:34 p.m. 
4:48 p.m. 
5:07 p.m. 
5:30 p.m. 
5:49 p.m 
6:oa p.m 
6:27 p.m. 
6:52 p.m. 
7:ia p.m. 
7:37 p.m. 
azo7 p.m. 

155 
155 
155 
155 
155 
155 
155 
160 
160 
160 
165 
160 
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Data Collected for 
1/4-Scale Aerosol Testing 

for Test TO3 

Date Time F-1 Ti me T-1 Time T-2 Time Ai r 
S l u i c e  S t .  S1 u i  ce P1 enum I n l e t  
(Flow %) S t .  ( "  C) ( "  C) 

( "  C) 

7/22/94 12:38 p.m. 
12:50 p.m. 

1:18 p.m. 

1:38 p.m. 

1:58 p.m. 

2:18 p.m. 

2:38 p.m. 

2:58 p.m. 

3:18 p.m. 

3:38 p.m. 

3:58 p.m. 

55.5% t .2 
55.5x t .3 
55.4% f .3 
55.7% t .6 
55.7% f .5 
55.7% t .6 
55.7% t - 7  

55.6% t .5 
55.6% t .5 

-- 
-- 

12:39 p.m. 
12:58 p.m. 

1:19 p.m. 

1:38 p.m. 

1:59 P.m 
2:19 p.m. 

2:39 p.m. 

2:59 p.m. 

3:18 p.m. 

3:38 p.m. 

3:58 p.m. 

26' C 
27" C 
27" C 
27" C 
27" C 
27' C 
27" C 
28" C 
28" C 
N.A.  

N.A. 

12:40 p.m. 
12:59 p.m. 

1:19 p.m. 

1:38 p.m. 

1:59 p.m. 

2:19 p.m. 

2:39 p-m. 

2:59 p.m. 

3:18 p.m. 

3:39 p.m. 

3:58 p.m. 

27" C 
27" C 
27' C 
27" C 
28" C 
28' C 
28' C 
28' C 
28' C 
28" C 
28' C 

12:40 p.m. 
12:59 p.m. 

1:19 p.m. 

1:38 p.m. 

1:59 p.m. 

2:19 p.m. 

2:39 p.m. 
2:59 p.m. 

3:18 p.m. 

3:39 p.m. 

3:58 p.m. 

51' c 
51" c 
52" C 
52' C 
53' c 
52' C 
52' C 
53" c 
52" C 
53" c 
54" c 

Data Collected for 
1/4-Scal e Aerosol Testing 

for Test TO3 

Date Time T-4 Before Time T-5 After Time F-2 
Fi 1 ter Fi 1 ter Anemo- 

C) ( "  C) meter 
(fpm) 

7/22/94 12:41 p.m. 
12:59 p.m. 

1:19 p.m. 
1:39 p.m. 

1:59 p.m. 

2:20 p.m. 

2:39 p.m. 

2:59 p.m. 

3:19 p.m. 

28' C 
28' C 
28' C 
28" C 
28' C 
29" C 
29' C 
29" C 
29" C 

12:41 p.m. 
12:59 p.m. 

1:19 p.m. 

1:39 p.m. 

1:59 p.m. 
2:20 p.m. 

2:39 p.m. 

2:59 p.m. 

3:19 p.m. 

34' c 
35' c 
35' c 
35" c 
35" c 
35' c 
35' c 
35" c 
36" C 

12:42 p.m. 
12:59 p.m. 

1:20 p.m. 

1:39 p.m. 

1:59 p.m. 

2:21 p.m. 

2:40 p.m. 
2:59 p.m. 

3:20 p.m. 

151 
153 
152 
151 
150 

151 
153 
152 
153 

3:39 p.m. 29" C 3:39 p.m. 36" C 3:40 p.m. 160 
3:58 p.m. 30" C 3:58 p.m. 36" C 3:59 p.m. 150 

B.3 



Appendix C 

Mass Concentration Results 



W320 Project Aerosol Test Data 

Dry Aerosol Concentration 
Solute Sample Mass Blank-Comcted Analytical Results Probe Loss Estimated 

Number (%) (L) (mg) (mg) (mg) (%I Factor (rndm3) (rndm3) (rndm3) 
Sample %NaCl Volume Collected Chloride NaCl %ofMass Correction Mass NaCl Clay 

100 
100 
100 
100 

0 
0 

0.00 
0.01 

0.066 0.109 
0.065 0.107 

10.3 
11.3 
10.5 
10.2 

10.6 
0.5 

10.6 
10.1 
10.7 
10.8 

10.5 
0.4 

28.1 
28.4 
29.7 
30.4 

4.2 
-3.4 

29.2 
1.1 

11.2 
11.5 
11.2 
11.0 

11.2 
0.2 

10.9 
10.8 
10.9 
10.8 

10.9 
0.0 

14.7 
14.9 
15.1 
15.7 

4.3 
0.1 

15.1 
0.4 

10.7 

10.9 

10.2 

11.0 

BFI 
BF2 

lksfmL 
FO 1 
F02 
F03 
F04 

0.840 1.385 108 
0.862 1.421 102 
0.840 1.385 107 
0.825 1.360 107 

1.049 
1.049 
1.049 
1.049 

130 
130 
130 
130 

1.28 
1 A0 
1.30 
1.27 

Test TO1 Average: 
f 1 Std Dev: 

rixima 
FO 1 
F02 
F03 
F04 

100 
100 
100 
100 

260 
260 
260 
260 

2.66 
2.54 
2.68 
2.72 

1.655 2.729 103 
1.647 2.716 107 
1.661 2.739 102 
1.650 2.721 100 

1.035 
1.035 
1.035 
1.035 

Test TO2 Average: 
f 1 Std Dev: 

ikiCm2 
FO1 
F02 
F03 
F04 

13.4 
13.5 
14.6 
14.7 

32 
33 
33 
33 

130 
130 
130 
130 

3.50 
3.54 
3.70 
3.78 

1.1 11 1.832 
1.127 1.858 
1.141 1.881 
1.183 1.95 1 

52 
52 
51 
52 

1.044 
1.044 
1.044 
1.044 

FO5 
F06 

33 
0 

130 
130 

0.52 
-0.42 

0.325 0.536 
0.004 0.007 

103 1.044 
1.044 

-0.1 

Test TO3 Average: 
f 1 Std Dev: 

14.1 
0.7 

iksaQL 
I01 100 

100 

130 

51 

1.55 

0.97 

0.801 1.321 

0.287 0.473 

85 

49 

12.5 

22.3 

1.049 

I02 1.174 

tbm2 
IO 1 1.035 100 

100 

260 

130 

3.03 

0.89 

1.556 2.566 

0.734 1.210 

85 12.1 

8.1 102 136 1.177 

ikiCm2 
I02 50 130 3.70 0.945 1.558 42 1.044 29.7 12.5 17.2 

10 1 50 138 1.40 0.873 1.439 103 1.126 11.4 11.7 -0.3 

c. 1 



HI AMMD- 04.1 
H) GSD- 4.7 

r 99-9 W320 Tal (I01 Heated) ,  7/28/94 

i 99.5 
k 99.0 
& 9E.0 
i r 95.0 
90.0 

eO.O 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 

10.0 
5.0 

h 

s 
Y 

C 
*I 
2: 
I- 

C )  
w 
0 
-I 

s 
0 > 
L 

1 2.0 
f 1.0 

1 I 1 ' l ' l a * l  I I ' I * 1 ' 5 1  , 0.1 0.3 - 0.5 0.7 1.0 3.0 5.0 7.010.0 30.0 

Aerodynamic Pnrtlcle DIameter (urn) - - 

TO1 (102 Amblunt), 7/28/94 99.9 T: 99.5 
99.0 

t 98.0 CI 

i- eO.O 2 

95.0 S 

b90.0 E 
I 

Y 

I- t 70.0 , 60.0 
C 40.0 
k30.0 

50.0 4 

i- 20.0 
c L 10.0 5 

c 5.0 - J 
E 2.0 J > 1.0 

I 

1 
i 

I 
I 
! 
! 1 

I I * I V I " !  * I I -"I m . 1  4 0.1 0.5 
I 

0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.010.0 30.0 i 

I -- - I 

1 
I Aerodynamic Particle Diameter (urn) 

c.2 



W320 T82 (I81 H e a t e d ) ,  7/21/94 
H) AMMD- 04.7 
H) GSD- 4 . 4  

I 
i 

+ 99.5 
f 99.0 
+ 98.0 I 
I I F 95.0 

90.0 

80.0 
70.0 
60.0 
50.0 
40.0 
30.8 
20.0 

10.0 

5 .0  

CI 

S 

c 
.K 
I- 

(I 
(I 
a 
J 

s 
u > 
e 

Y 

c 

c 

2 
J 
V 

I 
! 

I I I l ' " ' l  I 1 '  T-'71- 
30.0 0.1 0.3 8.5 0.7 1.0 3.0 5.0 7 .010 .0  

Aerodynamic Partfcle Dtameter Cum) 
i 

-- - - - I 
1 ___.___. - 

I r 99.9 
W320 T02 (I02 Ambient),  7/21/94 

A )  RMMD- 25.9 
A )  GSD- 

99.5 

C 98.0 

k 95.0 c 90.0 

00.0 

r 99.8 

A 

e 
S 

C 

L 
I- 
C )  
(I 
0 
-I 

s 
0 > 
e 

7 
E 
J 
V 

Y 

- 
c 

Aerodynamic Particle Diameter Cum) 

I 
0.1 

8 I ' l ' " ' l  I I ' I ' 1 ' 8 1  I 
0.1 

0.3 0.5 0.7 1.0 3.0 5.0 7.018.0 30.8 
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Date: 7/28/94 Test #W320 T01 I01 Heated 
T(deg. C) = 100 
Sample Flow Rate (lpm) = 16.5 
Inlet Pressure (in-HZ0) = 0 
Pressure Drop ( in-H20) = 20 
Impactor ID number 1 ,  Number of Stages = 8 
Stk.50 = .14 

Date: 7/28/94 Test #W320 TO1 I02 Ambient 
T(deg. C) = 30 
Sample Flow Rate (lpm) = 13.3 
Inlet Pressure (in-HZ0) = 0 
Pressure Drop (in-HZ0) = 20 
Impactor ID number 1 ,  Number of Stages = 8 
Stk.50 = .14 

c.5 

, 



Date: 7/21/94 Test #W320 102 I 0 1  Heated 
T(deg. C )  = 100 
Sample Flow Rate (lpm! = 16.5 
Inlet Pressure (in-H?O) = 0 
Fressure Drop !in-H20) = 20 
Impactor ID number 1 ,  Number o f  Stages = 8 
Stk50 = . 1 4  

Date: 7/21/94 lest #W320 102 I02 Ambient 
T(deg. C) = 30 
Sample Flow Rate (lpm) = 13.3 
Inlet Pressure (in-H20) = 0 
Pressure Drop (in-HZ0) = 20 
Impactor I D  number 1 ,  Number of Stages = 8 
Stk50 = .14 

Cummulative 
Stage No. Load (mg)  X Less Than 050 (urn) 

0 0.42 42.9 16.10 
1 0.07 33.2 10.22 
2 0.03 28.9 7.00 
3 0.04 23.4 4.78 
4 0.05 16.9 3.07 
5 0.04 11.2 1.55 
6 8.02 7.9 0.96 

0.65 7 0.03 3.7 
Back.up Fi1 ter 0.03 0.0 0.00 

-----___----_____-__---------------------------------------- 

- 

AMM@=ZS. 9 6SD= 

C.6 



Date: 7/22/94 Test #W320 T03 I02 Heated 
T(deg. C) = 100 
Sample Flow Rate (lpm) = 16.5 
Inlet Pressure (in-HZO) = 0 
Pressure Drop (in-H20) = 20 
Impactor ID number 1 ,  Number o f  Stages = 8 
Stk.50 = .14 

Date: 7/22/94 Test #W320 T03 I01 Ambient 
T(deg. C) = 30 
Sample Flow Rate (lpm) = 13.3 
Inlet Pressure (in-H20) = 0 
Pressure Drop (in-H20) = 20 
Impactor ID number 1 ,  Number o f  Stages = 8 
Stk50 = .14 

c.7 



Appendix D 

Photographs 
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i Figure D.2. Close-up View of the 1/4-in. Sluicing Nozzle in Operation 
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Figure D.6. Close-up View of the Circular Camera Targets for Evaluating Visibility 
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