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ABSTRACT 

Tank vapor spaces in nine selected underground double-wall tanks at the 

U.S. Department of Energy Hanford Site have been sampled to characterize 

airborne radionuclides present in the form of particulates or aerosols. 

These tanks are actively ventilated and are kept under negative pressure. 

The vent gases containing the particulates are drawn through high-efficiency 

particulate air (HEPA) filters prior to sampling and discharging to the 

environment. Quantification of airborne radioactive particulates in these 

operating tanks is important in the development of credible accident 

scenarios for safety analysis, and these data are also useful for estimating 

HEPA filter effectiveness. 

The sample system pulled gas samples isokinetically from the 

ventilation duct near the tank at a rate of 62.3 L/min for durations ranging 

between 30 min and 2 h. The filters were subjected to tests to determine 

the types of radioactivity present and to identify and quantify all 

significant radionuclides present. Gross alpha and beta analyses were 

in i tially performed followed by a gamma energy analysis (GEA). Analysis for 

strontium-90 was also performed when beta-emitting radionuclides identified 

from the GEA could not account for a majority of the beta activity on a 

filter. 

Results indicate that the highest airborne activity is present in a 

tank that uses airlift circulators for agitation and mixing of waste. Tanks 
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regularly receiving waste have higher concentrations in a vapor space than 

do stagnant tanks. Comparison of concentrations of Cesium-137, 

strontium-90, ruthenium-106, and other radionuclide concentrations in the 

vapor space to those in the tank liquid at the time of sampling showed 

partition factors between 10- 9 and 10- 13
• A partition factor is the ratio 

of vapor to liquid concentration for a given radionuclide. The highest 

partition factors for 137 Cs was observed in the tank having airlift 

circulators. Higher radionuclide particulate concentrations could result in 

more frequent HEPA filter replacements and a higher source term for use in 

eval~ating potential accident scenarios. The lowest partition factors for 

137 Cs and other radionuclides were observed in tanks not actively receiving 

wastes or not having airlift circulators. This behavior was expected 

because both of these latter operations can product higher concentrations of 

,.,,n airborne particulates and aerosols. 
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INTRODUCTION 

The vapor spaces of selected Hanford Site underground double-wall tanks 
were sampled to estimate the type and quantity of airborne radionuclide part i ­
culates present. The purpose of the characterization effort was to obtain 
data on radioactive aerosols and particulates under a variety of operating 
conditions. Concentrations were obtained under three distinct operating 
conditions. These conditions included sampling above stagnant liquids, sam­
pling during liquid waste transfer activities, and sampling during agitation 
and mixing operations involving airlift circulation. The goal of the study 
was to determine a partition factor (PF), which is the ratio of air to liquid 
concentration. Radionuclides were detected by Gamma Energy Analysis (GEA). 
These data are useful for safety analyses of the double-walled tanks and for 
estimating high-efficiency particulate air (HEPA) filter decontamination 
factors (OF). Cesium-137 and cesium-134 are prevalent in nearly all double­
wall tank wastes; therefore, they were used for comparison purposes. Process 
control of these tank farm facilities will be improved when the specific 
operating variables that are the major contributors to higher partition fac­
tors are determined. Controlling these parameters will help reduce airborne 
activity inside the tanks and will reduce loading of the HEPA filters. 

DESCRIPTION OF EQUIPMENT 

VENTILATION SYSTEM 

Double-wall tanks have two ventilation systems. The first system insures 
that a slight vacuum is maintained on the primary tank, and the second system 
maintains a vacuum for the annular space between the primary and secondary 
tank. The primary tank system is of concern (fig. 1). The underground ven­
tilation line from the primary tank passes through an underground containment 
structure or pit. Sampling is performed in these pits because they provide 
a barrier between the sampler and the environment. The ventilation air passes 
through the pit and then enters a HEPA filter system. Air samples are pulled 
from a 0.0254-m diameter access port located on the ventilation line. The 
transportable sampler unit is lowered into the pit and connected to an access 
port (fig. 2). 

SAMPLER 

Air is drawn into the sampler through a nozzle attached to a short seg~ 
ment of tubing. The inlet nozzle points against the direction of flow and 
is centered inside the ventilation pipe. The length of the inlet tubing is 
kept as short as poss i ble and only one 90-degree, 6-in. rad i us bend is a l lowed . 
Thi s minim i zes the amount of l i ne loss upstream of the fi l ter papers. Heat 
tape and insulation are wrapped around the inlet tubing. 

l 
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Figure 1. Underground Double-Wall Storage Tank. 
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This prevents moisture from condensing on the tubing or wetting the filter 
paper. The sample line is replaced if any smearable activity is detected. 

Inside the sampler, the air is filtered through two 3-um pore size fil­
ters arranged in series. Stainless steel filter holders are designed for 
easy filter installation and removal. Flow rates are monitored with a rota­
meter and a flow totalizer. A vacuum pump, equipped with a flow regulator 
to maintain isokinetic sample flow rates, discharges the filtered air back 
into the vent line. This prevents discharging contaminated air into the 
environment should the two filters fail. The flow regulator admits outside 
air into the vacuum pump to control the sample flow. The outside air passes 
through an air filter, and an air rotameter measures the amount of air 
bypassing the filter papers. Three ball valves allow the equipment to be 
isolated from the ventilation air stream during sampler installation and 
filter replacement. 

The discharged air returns to the ventilation line through a discharge 
nozzle that is opposed 180 degrees from the inlet nozzle. The discharged 
air flows downstream of the nozzle assembly. This greatly reduces the poten­
tial for recycling air back into the inlet nozzle and also provides a safe, 
closed sampling system. The outlet nozzle also has a 6-in. radius bend like 
the inlet nozzle. Both nozzles have 30-degree beveled tips, which serve to 
minimize particulate impingement, especially on the inlet nozzle tip. 

The sampler is housed inside a rigid metal structure. The sturdy housing 
protects the sampler during transport. Each tank has a ventilation pit into 
which the sampler is carefully lowered. Once inside the pit, sample tubing 
is connected to fittings located on the top of the sampler housing. Power 
is then supplied to the vacuum pump. 

FILTERS ANO FILTER HANDLING 

Two filter holders inside the sampler are arranged in series to remove 
the majority of the particulates and to minimize the amount of contamination 
that may accumulate in the sampler. The filter papers used are Versapor 3000 
Supported Membrane Filters manufactured by Gelman Sciences. The filters had 
a 3-um diameter pore size. Using two filters in series provides data which 
can be used to estimate the capture efficiency of the first filter for indi­
vidual radionuclide particulates. Two clean 0.O47-m diameter filter papers 
are inserted into the holders. After a specified volume of sample air is 
drawn through the two filters, the vacuum pump is shut off, the sampler is 
isolated by closing the valves, and the filters are removed. The filters 
are then placed inside transportation containers and shipped to the laboratory 
for immediate analysis. 
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MISCELLANEOUS EQUIPMENT 
. . 

Plastic bags and steel drums are used to safely dispose of contaminated 
equipment. Used tubing, gloves, fittings, nozzle assemblies, heat tape, and 
insulation are wrapped and taped in plastic and stored in drums for disposal. 
Different types of radiation detection equipment are used to survey the waste, 
the sampler, and housing prior to transport. The sampler is also wrapped in 
plastic as a precautionary measure because it is potentially contaminated. 

RESULTS AHO DISCUSSION 

Results from a GEA of each filter paper provided an estimate of the 
total activity of each gamma-emitting radionuclide present above its minimum 
detectable level. Filters A and B were analyzed within 8 h after removal 
from the filter holders. Concentrations were then calculated using sample 
volume data provided by flow totalizer. These concentrations were then cor­
rected using an estimated filtration efficiency. The efficiency was calcu­
lated from the activity present on both filters. Concentrations were not 
corrected for line losses because the line length, configuration of inlet 
tubing, and the total volume of each sample served to minimize the error. 

, In general, surveys of the sample tubing and holders showed below-background 
radiation levels although there were a few samples that did deposit minor 
contamination on the tubing and filter holders. Sample volumes were kept as 
large as possible to reduce the line loss error and to draw a representative 
volume of air from the tank vapor space. A constraint was also imposed on 
the volume the sample taken to minimize the exposure to workers handling and 
analyzing the filter papers. 

en SAMPLE RESULTS DURING MIXING OPERATIONS 

The highest cesium PFs were seen in Tank 102-AW. This tank contains 
two airlift circulators that agitate and mix a variety of radioactive liquid 
wastes. An airlift circulator mixes liquid wastes by injecting air into a 
large vertical submerged pipe (see fig. 1). The air-liquid mixture inside 
the pipe rises because it is less dense than the surrounding liquid. This 
induces flow into the bottom of the pipe and causes the tank liquids to cir­
culate. The air is released at the liquid surface and is removed by the 
ventilation system. Airborne particulates are generated at the turbulent 
air-liquid interface. Those particulates that do not fall back into the 
liquid serve to increase the concentration of airborne particulates that are 
carried into the ventilation sys te·m. Other factors affecting the concentra-· 
tion, which are recommended for future study, are liquid level, liquid tem­
perature, and airlift circulator air rate. The effect of t hese parameters 
on PF or particulate concentration may be as significant as the operationa l 
parameters studied here. Higher liquid concentrations may also affect both 
the airborne activity and the PF for other radionuclides. 
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Partition factor values were calculated using both the corrected concen­
tration and the liquid concentrations of a given radionuclide inside the 
102-AW Tank. Data for the three samples are shown in table 1, and PF values 
are listed in table 2. The liquid concentrations shown in table 2 were ob­
tained at the time of sampling. Both cesium-137 and cesium-134 were detected 
in all three samples. In addition, ruthenium-rhodium-106 and niobium-95 
were also detected. 

Cesium-137 concentrations ranged between 3,106 Bq/m 3 and 11,489 8q/m 3 • 

Cesium-137 PF values ranged between 1.02 x 10- 9 and 2.49 x 10- 9 while 
cesium-134 PF values ranged between 3.35 x 10- 11 and 8.84 x 10- 9

, 

For future characterization work, more detailed studies are recommended 
to be performed on this tank due to its high airborne activity. Character­
ization work on radioactive gases is also recommended. Radioactive gas 
sampling is commonly performed on gaseous effluent streams. Iodine-129 and 
antimony-125 can be captured with filter media specific to these nuclides. 
The sampler can be modified to include a charcoal and/or silver zeolite car­
tridge for collection of iodine and antimony (McManus and Fernandez 1986). 
Work can even be performed on individual iodine species if they are present 
(Mandler et.al. 1986) 

In addition, alpha energy analyses are recommended to be performed in 
future studies on Tank 102-AW. Trace quantities of transuranic elements as 
well as certain uranium isotopes exist in some waste tanks. 

~ SAMPLE RESULTS DURING TRANSFER OPERATIONS 

~ In general, waste-receiving tanks had higher PF values than did stagnant 
~ tanks, but they had lower PF values than Tank 102-AW. Table 3 lists five 
~ samples that were taken from three tanks. Filter activity on both A and 
~ B filters, the estimated efficiency, and the corrected concentration based 
en on the GEA were calculated for each radionuclide detected. Cesium-137 concen­

trations ranged between 5 and 649 Bq/m' and cesium-134 concentrations ranged 
between 0.06 and 44 Bq/m 3

; 

Partition factors for these samples are shown in table 2. The highest 
PF for cesium-137 was seen in Tank 105-AW, sample number 105-AW-3, at 5.25 x 
10- 10

• Higher airborne activity can be attributed to surface·agitation and 
spraying of waste as it falls into the tank. Temperature and composition of 
the pumped liquid and the tank liquid level are all contributing factors to 
airborne activity. The PF values obtained here also closely represent typical 
vapor to liquid concentrations. The PF values are typical because the liquid 
composition in each of these three tanks are relatively constant due to seg~ 
regation of waste streams. The in-tank liquid composition may change slightly 
if settling occurs or if surface evaporation takes place. 

6 



RHO-RE-'sA-216 

Table 1. Mixing Tank 102-AW Results. 

Sam61e Filter A Filter B Efficiency Corrected 
Nuclide concentration num er (Bq) (Bq) (%) (Bq/ml) 

102-AW-1 137(5 40,700 Qa 100 3,107 

134(5 81,400 oa 100 6,214 

106RuRh 5,550 25 99 + 424 

102-AW-2 137Cs 9,990 14 99 + 5,876 

134(5 237 Qa 100 139 

106RuRh 1,739 Qa 100 1,023 

9'5Nb 13 oa 100 8 

102-AW-3 137Cs 21,830 30 99 + 11,489 

134(5 8 0a 100 4 

ao = below minimum detectable levels. 

7 
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Table 2. Partition Factors. 

Sample 
Nuclide 

Vapor liquid PF 
number (Bq/m3) (Bq/m3) (vapor/liquid) 

102-AW-1 137Cs 3,107 3.05 E + 12 1.02 E - 09 
134Cs 6,214 7.03 E + 10 8 .84 E -08 

106RuRh 424 6.33 E + 11 6.70 E - 10 

102-AW-2 137Cs 5,876 3 .05 E + 12 1.93 E-09 
134Cs 139 7.03 E + 10 1.98 E - 09 

106RuRh 1,023 6.33 E + 11 1.62 E-09 
95Nb 8 

102-AW-3 137Cs 11,500 4·.63E+12 2.49 E-09 

134Cs 4 1.22 E + 11 3.35 E - 11 

105-AW-1 137Cs 5 1.24 E + 12 4 . 14 E - 12 
134(5 0 1.01 E + 11 5.95 E-13 

105-AW-2 137Cs 3 1.24E+12 2.45 E - 12 

105-AW-3 137Cs 649 1.24E+12 5.25 E - 10 
134Cs 45 1.01 E + 11 4 .43 E-10 

106RuRh 292 2.23 E + 11 1.31 E - 09 
95Nb 238 
95Zr 199 

11 Jsn 12 

101-AW-1 137Cs 43 1.65 E + 11 2.63E-10 
l 34Cs 2 1.40 E + 10 1.65 E-10 

106RuRh 44 2.84 E + 11 1.56E-10 
95Nb 9 
95Zr 1 

144(ePr 52 

106-AW-1 t 37Cs 7 7.10E+12 1.02E-12 

111sn 1 

101-SY-1 137Cs 1,808 2.62 E + 13 6 .91 E- 11 

101-SY-2 137Cs 172 2.62 E + 13 6.58 E - 12 

105-AN-1 137Cs 1 2.52E+13 4.23 E - 14 

106-AN-1 137Cs 3 1.28E+13 1.97E-13 

95Nb 151 

107-AN-1 l 37Cs 160 1.67E+13 9 .62 E- 12 
1 Jacs 8 

T06RuRh 46 
95Nb 468 
95Zr 2 

103Ru 4 

104-AW-1 137Cs 19 1.87E+14 1.00 E-13 
106RuRh 6 

90Sr 3 8.55E+10 3.45 E - 11 
NOTE: Blank indicates no data available. 

oq91. JJ15•2 
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Table 3. Waste Receiving Tanks. 

Sam61e Filter A Filter B Efficiency Corrected 
Nuclide concentration num er (Bq) (Bq) (%) (Bqlm3) 

105-AW-1 t3 7Cs 35 oa 100 5 

134Cs 0.6 Oa 100 <1 

105-AW-2 137Cs 38 2 94 3 

105-AW-3 137Cs 2,013 10 99 ~ 649 

134Cs 138 0a 100 45 

106RuRh 907 oa 100 292 

95Nb 740 Qa 100 239 

95Zr 618 Qa 100 199 

113Sn 36 Qa 100 12 

101-AW-1 137(5 481 241 so 43 

134(5 19 1 94 2 

106RuRh 370 21 94 44 

95Nb 104 52 so 9 

95Zr 11 oa 100 1 

144(ePr 814 555 32 52 

106-AW-1 137Cs 56 19 67 7 

113Sn 4 Qa 100 1 

aQ = below minimum detectable levels. ?\ lij/ - JU5 - J 

9 
L 



RHO-RE-SA-216 

SAMPLE RESULTS UNDER STAGNANT CONDITIONS 

In general, the lowest airborne activities were found in the stagnant 
tanks in which no agitation or waste transfers were occurring (table 4). 
Only minor air movement was present in the vapor spaces of these tanks due 
to the tank ventilation systems. Ventilation was present in all tanks sampled. 
The largest number of data points were obtained from stagnant tanks, which 
comprise the majority of double-wall tanks on the Hanford Site. 

Cesium-137 concentrations varied between 1 and 1,808 Bq/m 3
, and the PFs 

varied between 4.23 x 10- 1
~ and 6.91 x 10- 11

• No cesium-134 PFs could be 
calculated because cesium-134 was only found in 107-AN-1, and no representa­
tive liquid data was available for this tank. Although liquid concentrations 
were as high or higher than the more active tanks, PFs were much lower. This 
was expected due to the lack of a motive force to generate aerosols or parti­
culates. 

ISOKINETIC SAMPLE DATA 

All samples were taken as close to isokinetic as possible (table 5). 
Ventilation line flow velocities varied for each tank, and sample flow rates 
were adjusted to meet the line velocity. All samples were very close to 
isokinetic except for samples taken from Tanks 105-AN, 106-AN, and 107-AN. 
This was due to exceptionally low line velocities. Sampling time would have 
been excessive at the lower flow rates in this particular farm. These three 
samples (105 - 1, 106-1, and 107-1) should be taken again at a later date when 

[,4 time permits sampling at lower flow velocities. 
r---• C'-1 
C"J 
c:::l 
~ -

CONCLUSION 

Figure 3 contains all cesium-137 PFs as calculated from all 13 samples 
representing nine different double-wall tanks. The highest PFs occurred in 
Tank 102-AW, where mixing operations took place. Figure 3 shows that there 
is indeed a correlation between airborne cesium-137 activity and the operating 
condition or status of a tank. 

Data points 1, 2, and 3 represent PF values calculated while airlift 
circulators were in operation. The higher PFs represent higher air to liquid 
concentrations. These PF values were used in a safety analysis report and 
provided an order of magnitude estimate for future airborne activity at higher 
liquid concentrations. 

Data points 4, 5, 9, and 10 represent partition factors that were 
obtained during transfer operations. 
buted to significantly different and 
were occurring. This is most likely 
of the waste entering a tank and the 

The wide range of PF values were attri­
segregated transfer operations that 
a function of temperature and composition 
tank liquid level. 
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Table 4. Stagnant Tanks. 

Sam6te Filter A Filter B Efficiency Nuclide 
num er (Bq) (Bq) (%) 

101-SY-1 137Cs 6,882 275 96 

101-SY-2 137Cs 370 56 85 

105-AN- 1 137Cs 8 oa 100 

106-AN-1 137Cs 18 2 90 

95Nb 11 oa 100 

90Sr 17 oa 99 

107-AN-1 137Cs 1,554 740 52 

134Cs 70 33 53 

106RuRh 444 244 45 

95Nb 3,182 oa 100 

95Zr 11 oa 100 

103Ru 28 oa 100 

104-AW-1 137Cs 148 3 98 

106RuRh 48 0d 100 

905, 23 0d 99 

a = below minimum detectable limits 
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Table 5. Isokinetic Ratios. 

Sam61e Vent line Vent line 
Samter 

Sampler lsokinetic 
num er (m3/s) velocity (m /s) velocity ratio (mis) (mis) 

106-AW-1 0.41390 5.67 0.00105 5.73 1.01 

105-AW-1 0.41390 5.67 0.00104 5.69 1.00 

105-AW-2 0.41390 5.67 0.00102 5.60 0.99 

105-AW-3 0.41390 5.67 0.00102 5.60 0.99 

102-AW-1 0.41390 5.67 0.00110 6.04 1.06 

102-AW-2 0.41390 5.67 0.00105 5.78 1.02 

102-AW-3 0.42570 5.83 0.00098 5.39 0.92 

104-AW-1 0.43750 6.00 0.00110 6.04 1.01 

101-AW-1 0.46110 6.32 0.00113 6.21 0.98 

107-AN-1 0.28317 3.88 0.00106 5.82 1.50 

106-AN-1 0.28317 3.88 0.00105 5.73 1.48 

105-AN-1 0.28317 3.88 0.00105 5.78 1.49 

101-SY-1 0.42570 5.83 0.00102 5.60 0.96 

101-SY-2 0.42570 5.83 0.00104 5.69 0.98 

12 
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Stagnant tanks, as represented by data points 6, 7, 8, 11, 12, 13, and 14, 
are generally the lowest PFs. These lower PFs are the most desirable during 
tank operation. Safety analyses indicate that failure of the tank ventilation 
system may create a potentially hazardous condition if vacuum is lost and 
tank pressures exceed atmospheric pressure. Based on data provided by this 
study, equipment upgrades have been made and administrative controls have 
been revised to prevent tank pressurization or minimize the duration of tank 
pressurization should it occur. 
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