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VAPOR SAMPLING OF THE HEADSPACES OF RADIOACTIVE WASTE STORAGE TANKS 

Daniel A. Reynolds 
Westinghouse Hanford Company 
P. 0. Box 1970 
Richland, Washington 99352 

James L. Huckaby 
Pacific Northwest National Laboratory 
P. 0. Box 999 
Richland, Washington 99352 

(509) 373-3115 (509) 376-5524 

ABSTRACT 

At the W o r d  Site in southeast Washington State, 
177 underground storage tanks have heen built since 1943 
to store radioactive waste. During the period of 1944 to 
1989, wastes were generated from the reprocessing of 
nuclear fuel and the recovery of radioisotopes. The acidic 
liquid wastes were neutralized with sodium hydroxide for 
storage in mild steel, underground storage tanks. The 
radioactive waste in the tanks at the Hanford Site is 
composed mostly of water, sodium nitrate, sodium nitrite, 
sodium aluminate, and sodium hydroxide, with many 
other compounds in lesser amounts. The waste also 
contains organic molecules resulting from chelating agents 
used to recover fission products or solvents that became 
entrained in the waste through liquid-liquid extraction 
processes. These organic compounds appear to play a 
large role in the tanks' headspace compositions. 

Two major classes of waste tanks exist at the 
Hanford Site: double-shell and single-shell tanks. The 28 
double-shell tanks have positive ventilation. Although a 
few of the 149 inactive single-shell tanks have positive 
ventilation, most are passively ventilated. 

It has always been expected that the waste in the 
tanks will produce hydrogen gas from the radiolysis of 
water. It should he pointed out that nitrate ion, which is 
plentiful in the waste, provides some protection to the 
water from the radiolysis. The result is that all tanks are 
assumed to generate hydrogen at some low rate. 
Evaluations and measurements have been performed to 
determine if radiolyticully-produced hydrogen can 
accumulate in the tank headspaces. As expected, the 
measurements show values of hydrogen well helow the 
lower flammability limit. 

Nicholas W. K i d  
Westinghouse Hanford Company 
P. 0. Box 1970 
Richland, Washington 99352 
(509) 373-2380 

In the early 1980s, waste tank surface levels were 
ohserved to rise, which led to the conclusion that gas was 
accumulating within the waste. A few of the double-shell 
tanks released this accumulated gas in a short period of 
time in what is termed a gas release event or a "burp." 
In one tank, 241-SY-101, enough hydrogensontaininggas 
was released that on brief occasions, the tank's headspace 
exceeded the lower flammability limit for hydrogen. This 
tank was deemed hazardous enough that it has since been 
mitigated by using a pump to periodically force jets of 
liquid through the waste to cause a controlled release of 
the accumulated gas. Additional tanks are being evaluated 
as potentially storing gas. 

In addition to the hydrogen problem, certain tanks 
give off foul-smelling or noxious vapors. Since 1980, a 
number of workers have complained of adverse health 
effects from these noxious vapors. This issue did not 
surface prior to 1980 hecause most tanks were ventilated. 
Most of the single-shell tanks were removed from active 
ventilation after 1980, and the foul-smelling vapors 
accumulate in the tanks and are released when workers 
access the tanks and when the tanks "breathe. " Ammonia 
seems to he a major contributor when a foul smell is 
reported. 

Certain tanks were also identified as having the 
potential for a separable-phase-organic layer on the waste. 
One tank, 241-C-103, has been shown to have a liquid 
organic layer about 5 cm (2 in.) deep. The organic layer 
has been determined to he predominately trihutyl 
phosphate in solution with semivolatile normal paraffin 
hydrocarbons. There was a concern that the organic 
liquid may have a high enough vapor pressure that a 
flammable atmosphere may he created in the tank 
headspaces. 
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The potential problems of hydrogen generation, 
noxious vapors, and liquid organics have led to the 
current tank headspace sampling program at the Hanford 
Site. The first two tanks that received extensive vapor 
sampling were tank 241-SY-101 and tank 241-C-103. 
Tank 241SY-101 became the test bed for a number of 
on-line instruments. At various times, a gas 
chromatograph, on-line mass spectrometer, solid state 
hydrogen monitor, FTIR (Fourier Transform Infrared 
spectrometer), and radio acoustic ammonia monitor have 
been installed on tank 241-SY-101. In addition, grab 
samples have been used extensively for off-lie analysis. 
Tank 241-C-103 has had grab samples taken cryogenically 
and with heated sample lines. 

Currently, standard hydrogen monitors have been 
installed on those tanks that have the potential for 
hydrogen storage in the waste. The monitors are 
continuous, and provisions have been made to take grab 
samples for calibration. 

Grab samples from the tank headspaces are aIso 
collected from tanks that do not have continuous 
monitoring equipment. These samples allow identification 
and quantitation of the priority inorganic and organic 
gases and vapors for tank safety screening, tank farm 
industrial hygiene worker protection, and environmental 
regulatory compliance. 

Currently, 47 (about one third) of the tank 
headspaces have been characterized. Results confirm that 
the predominant waste gases and vapors present are 
ammonia, carbon dioxide, hydrogen, and nitrous oxide. 
Nitrogen gas, also expected to be. released from the waste, 
cannot be. differentiated from the natural levels of nitrogen 
in the air. The presence of hydrogen, ammonia, and 
nitrous oxide are important to flammability concerns. 
Table 1 shows the gases that have been found in the 
largest quantities. These tend to be inorganic gases such 
as carbon dioxide, nitrous oxide, ammonia and hydrogen. 
The organic gases are generally solvents or degradation 
products of the solvents used at the Hanford Site. 

Vapors and gases that are flammability concerns are 
hydrogen, ammonia and nitrous oxide. Nitrous oxide is 
of concern because it provides an oxidant commingled 
with the gases from the waste. Nitrous oxide was found 
in 39 of 47 tanks, while hydrogen was above detection 
limits in only 27 tanks. Figure 1 shows the 
concentrations of hydrogen and nitrous oxide found in 
these tanks. Each species was sorted from highest to 
lowest. Hydrogen was not detected anywhere close to the 
lower flammability limit. Nitrous oxide was found in 
greater quantities. 

Ammonia was one of three chemical species that 
were found in every tank sampled. The other two 
chemical species were water and 1-propone (acetone). 
Ammonia is of concern because it was the noxious vapor 
found in the greatest quantities. Figure 2 shows the 
ammonia concentrations sorted from low to high. Many 
tanks had quantities great enough to require caution when 
working near an opening in the tank. 

Two hundred chemical species have been found in 
six or more tanks, most in trace quantities. A larger list 
was identified for species occurring in five or less tanks. 
However, these species could also represent species 
misidentified when the mass spectrometer library is used 
to identify species. 

It is prohable that the gases found in the tank 
headspaces are products of the slow chemical and 
radiolytic reactions occurring in the waste. All of the 
waste contains nitrates and nitrites. Laboratory work bas 
sbown that ammonia and nitrous oxide can come from the 
nitrites. The nitrates and nitrites are gwd oxidizers and 
may slowly be. reacting with organic molecules in the 
waste. The effect of radiation seems to increase the 
reactivity of the organic molecules. The slow chemical 
reactions and the radiation account for the many chemical 
species found in trace quantities. It should be pointed out 
that these are very slow reactions with half lives measured 
in decades. The waste will continue to produce gases for 
the foreseeable future but at a low enough rate so as not 
to present a major problem. 

The headspace gas sampling activities will continue 
for the next few years. The current goal is to sample the 
headspace of all the tanks. Some tank headspaces will be 
sampled several times to see if the data vary with time. 
Other tanks will have continuous monitors installed to 
provide additional data. A sampler was recently deployed 
that can trap and sample gases within the waste. 

At present, the tank headspace composition data have 
helped provide a greater understanding of the reactions 
within the waste. Sampling data have helped provide a 
better understanding of the flammability issues of the tank 
headspaces. For all of the single-shell tanks sampled so 
far, none have had an atmosphere close to 25 percent of 
the lower flammability limit. The headspace sampling 
program has provided valuable information that has 
increased the understanding of the ttue nature and safety 
of the tanks. 
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Figure 2. Ammoma m Single-Shell Tank Headspace. 
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