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ABSTRACT

Radiolyti- lly-produced bubbles of trapped gas are observed in

simulated high-level waste(HLW) damp salt cake exposed to Co-60

gamma radiation. As the damp salt cake is irradiated, its volume L
increases due to the formation of trapped gas bubbles. Based on the

increase in volume, the rate of trapped gas generation varies

between 0.04 and 0.2 molecules/100 eV of energy deposited in the

damp salt cake. The maximum volume of trapped gas observed in

experiments is in the range 21-26 vol %. After reaching these

volumes, the gas bubbles begin to escape. The gener_ated gas
includes hydrogen, oxygen, and nitrous oxide. The ratio in _:hich

these components are produced depends on the composition of the
waste. Nitrous oxide production increases with the amount of sodium

nitrite. Gases trapped by this mechanism may account for some of
the observed level changes in Savannah River Site and Hanford waste
tanks.

INTRODUCTION

Liquid radioactive wastes from defense nuclear materials production

are dewatered to reduce their volume for long-term storage. At the

Savannah River Site (SRS), dewatering produces damp salt cak_ that

contains primarily sodium nitrate and nitrite crystals saturated

with an alkaline solution. The cake is composed of interlocking

crystals and is quite rigid. During storage, gas is produced from

radiolysis of the damp cake. The gas escapes through mechanisms

such as diffusion and bubble formation. In a program underway at

the Savannah River Site (SRS), the formation rate, composition, and

escape mechanism for radiolysis gases produced in damp salt cake
and related wastes are being studied.

At the Hanford site, there has recently been much attention drawn

to the 101-SY tank which accumulates gas bubbles in the waste over

a long period of time (approximately 2 months) and then releases

the gas to the vapor space in a short period of time (hours). The

mechanism for the release of the gas in the Hanford tank is

believed to be considerably different from the mechanism in SRS

salt cake tanks. In the Hanford tank, the gas bubbles adhere to

the settled sludge solids until their bouyancy causes the settled

solids to "turn over", releasing the gas. 1 The solids then settle

again and the process repeats itself. In SRS salt cake tanks, the

salt cake is too rigid to "turn over". Bubbles bursting at the
surface of the liquid supernate overlying the salt cake have been

observed with in-tank photography. However, the rate of formation

and composition of the radiolysis gases have not previously been
studied for salt cake.



, 0

EXPERIMENTAL

Three simulated SRS high-level wastes (i.e., Standard, High-

Nitrite, and High-Nitrate) were prepared from reagent grade
chemicals. The compositions of the initial salt solutions are

shown in Table I. The SRS Standard waste is an average of all the
salt cake stored in the SRS tank farms. The SRS High-Nitrate and

High-Nitrite waste compositions are variations which were used to
study the effect of the nitrate/nitrite ratio in the waste. These

salt solutions were boiled and concentrated until they began to

crystallize. The hot solutions were cooled in glass vessels for

the irradiation experiments. The damp salt cake prepared in this
way is enriched in sulfate and oxalate compounds relative to the

original solution. The concentrated liquid phase is enriched in

hydroxide, nitrite, and aluminate. The density of the damp salt
cake varies between 1.71 and 1.82 g/mL.

i Simulated Hanford Tank 101-SY waste was prepared by the method of

S. Bryan of PNL 2 with the composition shown in Table II. To avoid

generating hazardous waste due to the presence of chromium,

Co(NO3)2 was substituted for the Cr(NO 3) 3"9H20 called for in the
reference. The salts of Pd and Pt were also not included.

Technical grade sodium aluminate was used without purification and

the amount used was adjusted for the water content (6%). All other

chemicals were reagent grade and were used without further

purification. Bryan's method produced a slurry of solids and

liquids with an average density of 1.6 g/mL.

Irradiations were carried out in Co-60 sources at dose rates of

4x104 rads/hr or 3x105 fads/hr. Dose rates were measured by Fricke

dosimetry and nylon dosimeters. The dose rates for waste samples
were corrected based on the electron density of the salt cake.

The volume of trapped gas generated in the waste samples was

measured in glass irradiation vessels shaped like volumetric

flasks. The volume of the lower portion of the flasks was 170 to
270 mL and the necks were 1 cm in diameter and calibrated in 0.l-mL

increments. As gases were trapped in the waste in the lower
portion of the vessels, the liquid level rose in the neck° The

volume change was measured as a function of the irradiation dose.

Trapped gas volumes in salt cake crystallized in graduated

cylinders (2 cm diameter) were also measured and gave similar
results.

Simulated waste samples for gas composition measurements were

placed in 60-mL glass serum vials. After irradiation, the airspace

in the vial was flushed with argon, then the vial was sealed.

Water was added to dissolve the salt cake, releasing the trapped

gas. The argon and trapped gas mixture was analyzed by gas

chromatography for hydrogen, nitrogen, oxygen, and nitrous oxide.



RESULTS AND DISCUSSION

Bubble Formation

Irradiation of damp salt cake produced gas bubbles which were

trapped within the salt matrix (see Figure i). Bubbles that were

less than 1 mm in diameter were visible in the liquid phase between

the salt crystals after a radiation dose of i0 Mrads. As the

absorbed dose increased, the gas bubbles grew and eventually

coalesced to form continuous channels. Liquid that was present in

the interstitial channels was displaced from the salt cake.

Volume of Trapped Gas in SRS Standard Waste

The change in the liquid level in the neck of the irradiation flask

was used as a measure of the volume of trapped gas in the salt

cake. At low doses, the volume of displaced liquid increased

linearly with dose (Figure 2) for the various wastes irradiated.

For the SRS standard waste, gas began to escape from the upper

surface of the salt cake and the displacement of liquid slowed
after continuous channels formed within the salt matrix.

Eventually, the liquid level over the salt cake stopped increasing

and fluctuated slightly as small amounts of trapped gas accumulated

and then escaped. The maximum trapped gas volumes were fairly

consistent between experiments with damp salt cake and ranged from

21% to 26% of the total salt cake volume. The maximum trapped gas

volume measured in these experiments (21-26%) is similar to

estimates of the volume of interstitial liquid in damp salt cake in
SRS waste tanks (22-32%).

Radiolytic Yield of Trapped Gas

The yield of trapped gas per unit absorbed dose of radiation energy
depends on the composition of the waste. The calculated G-values
(molecules/100 eV) for SRS wastes and Hanford 101-SY waste are

listed in Table III. The G-values were calculated from the initial

linear protions cf the curves for total trapped gas assuming ideal

gas behavior and atmospheric pressure within the damp salt cake or

slurry. The G-values span the range 0.02 to 0.26 molecules/100eV.

There is a considerable range of results for the SRS Standard waste

composition (0.04 to 0.2 molecules/100 eV) that is not fully
understood. This variation may be due to differences in sample

size, dose rate, or concentrations of minor components, and is

being studied further.

The G-value of 0.ii molecules/100 eV for the SRS High-Nitrite waste

composition is within the range observed for the Standard waste.
The initial G-value of 0.04 molecules/100 eV for the first i0 Mrad

dose to the High-Nitrate waste is also within the range of the
Standard waste, but at the low end. In addition, the yield for

High-Nitrate waste decreases as the total dose increases.



The radiolytic yields of trapped gas in Hanford waste was larger

than any of the SRS waste composition. This is likely due to the
large amounts of organic in this waste.

GAS COMPOSITION

The results of the analyses of trapped gases are listed in
Table IV. Hydrogen, oxygen, and nitrous oxide have been identified

as the major gases produced by the radiolysis of damp salt cake.
These gases have been observed from the irradiation of simulated

waste solutions and slurries. 3-4 Previous results 4 indicated

nitrous oxide is not produced unless organic compounds were present
to act as reducing agents. Although the oxalate added to the

simulated waste solutions may be the reducing agent, previous tests

indicated that oxalate is not as good as most other organic
compounds in reducing nitrate or nitrite to N20.

Air was not excluded during the crystallization of the salt cake

samples so it is not unexpected that small amounts of nitrogen and
oxygen were present. The ratio of oxygen to nitrogen is an

indicator of the origin of the two gases and the calculated O2/N 2

values are included in Table II. The O2/N2 ratio in air is 0.27.

If it is assumed that radiolytically-generated nitrogen is not a

component of the trapped gas, then O2/N2 ratios larger than 0.27

indicate production of oxygen, and ratios smaller than 0.27

indicate consumption of oxygen. The random fluctuation of the

nitrogen concentration with increasing radiation dose in the

Standard and High-Nitrate wastes suggests that nitrogen is not a

significant radiolysis product. In the High-Nitrite waste, the

increase in nitrogen with dose and the decrease in the O2/N2 ratio

may indeed indicate production of N2.

The production of hydrogen occurs in all three waste compositions,

but it constitutes the largest proportion of the gases only from

the High-Nitrite waste. This is not unexpected since there is no

nitrate in this waste. Nitrate ion is known to efficiently
scavenge aqueous electrons which are the precursor to molecular

hydrogen, thereby reducing the rate of formation of hydrogen gas. 5

Oxygen is produced during irradiation of the Standard and High-

Nitrate waste, as indicated by the increase in the O2/N2 ratio.

This is an expected result, although the small amount observed in

Standard waste is surprising. Previous measurements on SRS liquid

waste indicated that six times as much oxygen as hydrogen can be

produced. 6 The slower rate of oxygen production in the Standard

waste compared to the High-Nitrate waste is probably due to the

presence of the nitrite. It is probable that the nitrite ion

reacts with the precursors to molecular 02 to form nitrate ion.

Nitrous oxide is formed in the two waste formulations containing

nitrite ion. Based on the limited results in Table IV, the amount
of nitrous oxide formed increases with the nitrite content of the



waste. Nitrous oxide has not been detected in the ventilation air

from waste tanks at the Savannah River Site, 6 although this may be

due to low sensitivity in the analysis for N20. Hobbs analyzed for

N20 but did not find any at a detection limit of I000 ppm in the

samples used in his study of hydrogen generation rates. 7

SUMMARY

Experiments with simulated wastes stored at the Savannah River Site

have demonstrated that damp salt cake can trap radiolytically

generated gases. The gases generated are hydrogen, oxygen, nitrous

oxide, and possibly nitrogen. The ratio in which the gases form

depends on the waste composition. Simulated SRS waste crystallized
in small vessels traps between 21 to 26 volume % gas. The maximum

trapped volume is probably limited by the volume of interstitial

liquid in the salt cake. The generation and trapping of the

radiolysis gases has been shown to cause liquid level changes in

the Hanford 101-SY tank and may contribute to small level changes
observed in SRS waste tanks.
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TABLE I. SRS Simulated Waste Compositions

Component Concentration (molar)
Standard Hioh Nitrate Hioh Nitrite

Na + 6.3 6.3 6.3

NO3- 2.4 3.3 0

NO2- .89 0 3.3
OH- 1.7 1.7 1.7

AI02- .38 .38 .38

CO22- .21 .21 .21

SO42- .17 .17 .17

CI- .027 .027 .027

F- .018 .018 .018

C2042- .017 .017 .017

PO43- .010 .010 .010

SiO32- .005 .005 .050

MoO42- .0006 .0006 .0006

Table II. Simulated Hanford Waste

Component Concentration (molar_

NAN02 3.95
NaOH 2.45

NAN03 2.2
NaAI02 2.0
NaCI 0.53

Na2CO3 0.4
Na3P04 0.18
KCI 0.15
EDTA 0.14
HEDTA 0.14

Co(NO3)3 0.I
NaF 0.i
Na2S04 0.03
CaCI2 0.008
Fe (NO3) 3 0. 007
Ni (NO3) 2 0. 002
Cu (NO3) 2 0. 0002
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Figure 1. Photograph of simulated salt cake samples showing

increase in size of trapped bubbles of gas. The sample containers

are 1-cm spectrophotomer cells with quartz faces. The
discoloration of the side walls is due to the irradation of glass
sides.
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FIGURE 2. Volume of trapped gas formed from Co-60 gamma irradation

(as a percentage of total sample volume at 30°C) .
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